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Abstract Surface melt in East Antarctica is strongly correlated with the Southern Annular Mode (SAM)
index, but the spatiotemporal variability of the relationship, and the physical processes responsible for it, have
not been examined. Here, using melt flux estimates and climate variables from the RACMO?2.3p3 regional
climate model, we show that a decreasing SAM index is associated with increased melt in Dronning Maud Land
primarily owing to reduced precipitation and greater absorption of solar radiation. Conversely, in Wilkes Land,
a decreasing SAM index corresponds to increased melt because of greater incoming longwave radiation from a
warmer atmosphere. We also demonstrate that SAM-melt correlations are strongest in December as the melt
season develops, and that the SAM’s influence on peak melt intensities in January occurs indirectly through the
snowmelt-albedo feedback. Future work must account for such variability in the physical processes underlying
the SAM-melt relationship to reduce uncertainty in surface melt projections.

Plain Language Summary The Southern Annular Mode (SAM) index describes the strength and
location of the westerly winds in the Southern Hemisphere. It has previously been linked to interannual
variability in the number of satellite-observed melt days on the surface of East Antarctica’s floating ice shelves.
Here, we use melt estimates from a regional climate model adapted for the polar regions to show that the SAM-
melt relationship is also observed for meltwater fluxes, and to identify the influence of the SAM on the different
energy sources driving surface melt. We find that a more negative SAM index (weaker westerlies) is associated
with higher air temperatures across most of East Antarctica, and leads to increased incoming longwave radiation
and sensible heat fluxes in Wilkes Land. In contrast, in Dronning Maud Land (DML), incoming longwave
radiation is unaffected by the SAM, leading to net longwave energy losses, and sensible heat fluxes are reduced
because of weaker surface winds. Instead, greater melt in DML is driven through increased absorption of solar
radiation, owing to reduced precipitation and a darker surface. We also find differences in the strength of the
SAM-melt relationship on both sub-seasonal and decadal timescales.

1. Introduction

Antarctic ice shelves are floating extensions of the ice sheet, surrounding ~75% of the continent (Bindschadler
et al., 2011) and providing a buttressing force that slows the flow of grounded ice to the ocean (Fiirst et al., 2016;
Reese et al., 2018). If the buttressing force is reduced, Antarctica’s contribution to global sea level rise could
increase dramatically (Oppenheimer et al., 2019; Sun et al., 2020), making it critical to understand the processes,
such as surface melt, that can cause an ice shelf to weaken and disintegrate.

Surface melt can instigate the loss of ice shelves because it reduces pore space in the overlying firn layer
(Ligtenberg et al., 2014; Munneke et al., 2014), potentially leading to meltwater ponds (Arthur et al., 2020;
Leeson et al., 2020; van Wessem et al., 2023), hydrofracture (van der Veen, 1998; Weertman, 1973), and, in
extreme cases, ice shelf collapse (Banwell et al., 2013; MacAyeal et al., 2003; Robel & Banwell, 2019).
Meltwater-driven disintegration is particularly associated with the unique melt environment of the Antarctic
Peninsula (Laffin et al., 2022; Morris & Vaughan, 2003; Scambos et al., 2000, 2009), but the loss of the Voyeykov
(Arthur et al., 2021) and Conger (Lhermitte et al., 2023; Wille et al., 2024) Ice Shelves shows that East Antarctic
ice shelves are also vulnerable to collapse. Although the latter two collapses were not directly driven by surface
meltwater, the projected increase in surface melt rates under a warmer climate (Gilbert & Kittel, 2021; Trusel
et al., 2015) suggests that the risk of meltwater-driven collapse will increase, necessitating further research into
the processes controlling surface melt, and especially in East Antarctica, which holds approximately 90% of
Antarctica’s sea level rise equivalent (Morlighem et al., 2020).
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Variability in the occurrence, extent, and intensity of surface melt arises from controls across multiple spatio-
temporal scales. Spatially, Antarctica’s geography (e.g., latitude and topography) and localized melt processes
(e.g., surface winds and albedo) are important controls on surface melt (Jakobs et al., 2021; Lenaerts et al., 2017;
Saunderson et al., 2022; Tedesco et al., 2007), whilst the temporal variability is strongly influenced by large-scale
modes of atmospheric variability, particularly including the Southern Annular Mode (SAM) (Johnson et al., 2022;
Tedesco & Monaghan, 2009; Torinesi et al., 2003).

The SAM is the leading mode of extratropical climate variability in the Southern Hemisphere on daily-to-decadal
timescales, and is observed as a near-zonally symmetric, ring-like pattern in atmospheric pressure levels (Fogt &
Marshall, 2020). Positive SAM indices represent an increased pressure gradient between the mid (~40°S) and
high (~65°S) latitudes, producing stronger westerly winds that are closer to Antarctica. For negative SAM
indices, the westerlies weaken and relax equatorward.

In East Antarctica, strong negative correlations exist between the SAM index and melt metrics such as the melt
extent (Tedesco & Monaghan, 2009) and duration (Johnson et al., 2022). However, such studies rely on satellite
observations to define melt and thus focus on the extent and occurrence of melt rather than its intensity (i.e.,
meltwater production). This distinction is important because strongly non-linear relationships can exist between
the number of melt days and total meltwater fluxes (Banwell et al., 2023), and it is the latter which is critical when
considering the firn air content of an ice shelf and the likelihood of meltwater ponding and hydrofracture (Alley
et al., 2018; Lai et al., 2020; van Wessem et al., 2023). Furthermore, the mechanisms through which the SAM
influences the surface melt conditions, and the spatiotemporal variability of the SAM-melt relationship, have not
previously been considered in detail. To address these gaps, we use modeled surface meltwater fluxes and climate
variables from the RACMO2.3p3 regional climate model (van Dalum et al., 2022), and investigate the influence
of the SAM on surface melt for 27 East Antarctic ice shelves over the last four decades (1980-2018).

2. Datasets and Models
2.1. RACMO2.3p3

We examine monthly and daily variables from the polar version of the RACMO?2 regional climate model,
including surface melt; turbulent, radiative, and conductive heat fluxes; surface (10m) winds; and surface (2m) air
temperatures (T,,,) (van Dalum et al., 2021). RACMO?2 has been used extensively in studies of Antarctica’s
surface climate (e.g., Jakobs et al., 2021; Lenaerts et al., 2012, 2018; van Wessem et al., 2014, 2018), and the latest
version (RACMO2.3p3) contains two key improvements for modeling surface melt: 1) an updated spectral snow
and ice albedo scheme, which permits subsurface penetration of shortwave radiation; and 2) an updated multi-
layer firn module that includes a finer vertical resolution near the surface where melt occurs (van Dalum
et al., 2019, 2020, 2022). The model is initialized using a snowpack from a previous model run, and run over the
period 1979-2018; data until 1984 are considered model spin-up, but results are consistent between the two
periods, and thus we report values for the full dataset (i.e., summers 1979/1980-2017/2018). The model is run on
a 27 km grid across Antarctica, and forced at the boundaries by 3-hourly ERAS5 reanalysis data (Hersbach
et al., 2020).

2.2. Ice Shelves

For individual ice shelf-based calculations, we include only RACMO pixels that are at least 50% ice shelf ac-
cording to the MEaSURES Antarctic Boundaries dataset (Version 2) (Mouginot et al., 2017; Rignot et al., 2013).
Only East Antarctic ice shelves containing at least two pixels meeting this criteria are included, resulting in 27 ice
shelves suitable for analysis (Figure 1; Table S1 in Supporting Information S1). We group these ice shelves into
six regions based on their proximity and the similarity of their response to the SAM (e.g., Figures 2 and 3); west-
to-east, these regions are: Weddell; Dronning Maud Land; Amery; Wilkes Land; Oates-George V; and Ross.

2.3. SAM Indices

We use the monthly and daily SAM index provided by the NOAA Climate Prediction Center (hereafter the
NOAA SAM index). This index is derived from an EOF analysis of 700 hPa geopotential height anomalies in
NCEP/NCAR reanalysis data (Mo, 2000). Daily values are averaged using a 9-day running mean, because the
SAM has an approximate 10-day decorrelation period (Robinson, 2000), and plotted against the window
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Figure 1. Median summer (NDJF) RACMO melt fluxes (kg m~2 summer™ ") (1980-2018). Dashed lines separate the 27 ice shelves (outlined in black; Table S1 in
Supporting Information S1) into six regions; gray lines delineate IMBIE drainage basins (Mouginot et al., 2017). Stippling indicates statistically insignificant (p > 0.05)
correlations between melt fluxes and satellite-observed melt days (Picard, 2022); the absence of stippling over East Antarctic ice shelves demonstrates good interannual
agreement between satellite observations and modeled melt fluxes.

midpoint. We also use the monthly station-based SAM index of Marshall (2003) in a sensitivity analysis. All
time-series are linearly detrended before correlation and regression analysis; statistical significance is tested using
a two-tailed Pearson’s Product-Moment Correlation test against a null hypothesis of zero correlation.

3. Spatial and Interannual Variability in Surface Melt Fluxes

Surface melt fluxes vary greatly in both time and space for East Antarctic ice shelves (Figures 1 and 2c). The
highest median melt fluxes (November—February) occur in Wilkes Land (~70-245 kg m ™2 summer™ '), whereas
the lowest occur on the ice shelves closest to West Antarctica, in the Ross and Weddell regions (~5-20 kg m™—>
summer™!). The modeled melt fluxes compare well with satellite-derived estimates (1999-2009) (Trusel
et al., 2013), and correlate strongly (r = 0.4-0.8; p < 0.05) with the number of satellite-observed melt days each
summer for nearly all ice shelf pixels (Figure 1). We also find that, on average, more than 95% of an ice shelf’s
total melt each summer occurs in December and January (DJ) (Table S1 in Supporting Information S1; Figure 2c),

and thus we focus on these two months from hereon in unless explicitly stated.

Plotting the DJ total melt fluxes as percentiles for each ice shelf (Figure 2c) shows a general agreement across all
East Antarctic ice shelves over whether melt fluxes are above or below average in any given summer. The East
Antarctic-wide similarity is particularly evident in the below-average melt through the 1990s, culminating in
1999/2000 when nearly all ice shelves experienced their lowest melt flux over the study period. Greater regional
variability exists when considering the highest melt fluxes. For example, the highest melt fluxes in Dronning
Maud Land occur in 1984/1985, but in 2013/2014 in the Ross region. Nevertheless, across the majority of the 27
ice shelves, there is a general agreement in the percentiles each summer, suggesting that the interannual variability
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Figure 2. Interannual variability in the NOAA (a) ENSO3.4 (Oct-Jan) and (b) SAM (Dec—Jan) indices. (c¢) RACMO-modeled melt fluxes (Dec—Jan) for 27 East
Antarctic ice shelves, plotted as percentiles; red values are above the median for each ice shelf, and blue below. Crosses indicate >95% of a summer’s melt occurred in
December and January. (d) East Antarctic-averaged melt fluxes correlated with the SAM indices, across the full period (1980-2018; crosses) and using an 11-year
running correlation (lines). (€) SAM-melt correlations for the 27 ice shelves, ordered (left-to-right) west-to-east.

in East Antarctic surface melt is driven by large-scale atmospheric controls, such as the SAM and/or the El Nifio-
Southern Oscillation (ENSO).

Comparing Figures 2a and 2c shows that the ENSO-melt relationship is not straightforward, with different melt
responses evident in the three strongest El Nifio events during the study period. For example, in 1982/1983, melt
fluxes are above-average for nearly all ice shelves in East Antarctica, often reaching the 90th or 95th percentiles,
particularly in Dronning Maud Land. In contrast, in 2015/2016, below-average melt fluxes occur on nearly all ice
shelves outside the Ross region, whilst in 1997/1998, melt fluxes are close to their median values but vary
regionally as to whether they are above or below average. These three summers all have different SAM conditions
(DJ-averaged NOAA SAM index = —1.64, 1.00, —0.21), showing that the SAM index is a better predictor of
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Figure 3. Regressions against the NOAA SAM index for RACMO-modeled variables, based on December—January values (1980-2018); only statistically significant
regressions (p < 0.05) over the ice sheet are shown. See Figures S2—-S4 in Supporting Information S1 for additional variables.
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surface melt than ENSO, and a general negative relationship between surface melt and the SAM index is evident
when comparing Figures 2b and 2c. We now investigate this relationship in detail.

4. Influence of the Southern Annular Mode
4.1. SAM-Melt Correlations

Strong, statistically significant negative correlations (—0.8 < r < —0.4; p < 0.01) exist between DJ melt fluxes and
both SAM indices for all ice shelves from Dronning Maud Land to the Oates-George V region (Figure 2e), and
also for an East Antarctic-wide average (Figure 2d), but not in the Ross region. SAM-melt correlations also vary
over time (Figure 2d), with very high correlations for both indices in the 1980s and 2010s (» < —0.75) occurring
either side of weaker, sometimes statistically insignificant correlations in the late 1990s and early 2000s, when
melt rates were low. Overall, both SAM indices produce similar correlation values, with the stronger correlation
differing between ice shelves, but the reanalysis (i.e., NOAA) index is higher when considering the East
Antarctic-wide average.

We find that correlations using the DJ-averaged SAM are greater than those of the October—January period
previously used in the literature (Johnson et al., 2022; Tedesco & Monaghan, 2009; Torinesi et al., 2003).
Stronger DJ correlations in our analysis (Figure S1a in Supporting Information S1) are likely because previous
work has examined the SAM-melt relationship at a continental scale, and thus included the Antarctica Peninsula,
where the melt season begins earlier and the SAM has a strong impact on foehn winds (Cape et al., 2015; Marshall
etal., 2006). The lack of statistically significant correlations between the October or November SAM and summer
melt (Figure S1b in Supporting Information S1), plus the stronger DJ correlations, indicates that surface melt in
East Antarctica is influenced by the summer (DJ) SAM rather than being a lagged response to the late spring
(October—November) SAM.

4.2. Physical Mechanisms Connecting SAM and Surface Melt

To investigate the physical mechanisms driving the SAM-melt relationship, we linearly regress RACMO climate
variables against the NOAA SAM index each summer (DJ) (Figure 3 and Figure S2-S4 in Supporting Infor-
mation S1). Statistically significant (p < 0.05) SAM-melt regressions occur for nearly all pixels on East Antarctic
ice shelves, except those closest to West Antarctica, and are also present (albeit much weaker) beyond the ice
shelves for much of the coastline west of the Shackleton Ice Shelf (Figure 3a). We therefore perform the
regression analysis across all of Antarctica, and not just on the 27 selected ice shelves. Because the SAM-melt
correlations are negative (Figures 2d and 2e), we report the changes in each variable associated with a unit
decrease in the SAM index (SAM-) (e.g., from a SAM index of 0 to —1).

A negative SAM-T,,, relationship is widespread across all of East Antarctica (Figure 3b). The strongest tem-
perature responses to a decreasing SAM index occur in the Wilkes Land and Amery regions (1-1.75°C/SAM-),
where SAM variability explains 40%—70% of the T,,, variability (Figure S3b in Supporting Information S1).
Weaker SAM-T,,, regressions (0.25-1°C/SAM-) occur outside these two regions, but remain statistically sig-
nificant except on the two ice shelves closest to West Antarctica. A warmer atmosphere can contribute to an
increase in surface melt through greater incoming longwave radiation and sensible heat fluxes (Braithwaite &
Olesen, 1990; Hock, 2005; Ohmura, 2001), and the negative SAM-T, , relationship in Antarctica has previously
been attributed to two factors.

First, the weakened westerlies during a negative SAM phase allow increased meridional flow of heat to Antarctica
from the mid-latitudes (Marshall & Thompson, 2016; Previdi et al., 2013). In our analysis, widespread increases
in the incoming longwave radiation, consistent with a warmer atmosphere, occur across the Amery, Wilkes Land
and Oates-George V regions as the SAM index decreases (Figure 3d). In the latter two regions, the longwave
gains offset greater outgoing longwave radiation (from a warmer surface), meaning the net longwave budget is
approximately balanced and varies insignificantly with the SAM index (Figure S2d in Supporting Informa-
tion S1). In contrast, on the Amery Ice Shelf, the increased longwave gains are insufficient to offset the greater
losses, and the net longwave budget is thus a greater heat sink as the SAM index decreases. Greater net longwave
losses also occur in the Dronning Maud Land and Weddell regions, where there is no significant change in
incoming longwave radiation associated with a decreasing SAM index, but there are greater losses (Figure S2c¢ in
Supporting Information S1).
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Second, the magnitude of atmospheric pressure increases associated with a decreasing SAM index differs across
Antarctica (Figure S2f in Supporting Information S1). Greater pressure increases occur over the Antarctic interior
than at the coastline, enhancing the pole-to-coast pressure gradient and leading to stronger surface winds in the
regions where this gradient aligns with the prevailing easterly winds (Figure S4c in Supporting Information S1)
(van den Broeke & van Lipzig, 2004; Neme et al., 2022). Stronger winds disrupt the near-surface temperature
inversion, and increase turbulent heat fluxes. Consistent with this hypothesis, our analysis shows greater wind
speeds, latent heat losses, and sensible heat gains in Wilkes Land, where the greatest T, changes occur, although
changes in sensible heat are statistically insignificant over the ice shelves themselves (Figure 3f). Conversely, in
the Weddell and Dronning Maud Land regions, the prevailing easterly winds are opposed by a westerly pressure
gradient from the high pressure anomaly in the Weddell Sea (Figure S2f in Supporting Information S1), leading to
weaker surface winds (Figure S4b in Supporting Information S1) and subsequently reduced sensible heat gains in
these regions (Figure 3f).

Despite greater longwave and turbulent heat losses in the Weddell and Dronning Maud Land regions, a decreasing
SAM index corresponds to greater surface melt in these regions (Figure 3a). The increases are driven by greater
net shortwave radiation (Figure S2b in Supporting Information S1), owing to reduced precipitation (Figure 3e)
and a lower surface albedo (Figure 3c). Precipitation acts to raise the albedo and cool the surface (Picard
et al., 2012), inhibiting melt. Reduced snowfall therefore allows the surface albedo to be progressively lowered
via the positive snowmelt-albedo feedback: as the surface melts, liquid water reduces the surface albedo by
enlarging the snow grains, causing increased absorption of shortwave radiation and driving further melt (Jakobs
et al., 2021; Wiscombe & Warren, 1980). The lowered surface albedo (also observed in the Amery and Wilkes
regions) is thus both a cause and effect of the enhanced melt associated with a decreasing SAM index. The
potency of the feedback is particularly evident when noting that the greatest increases occur on the Amery,
Baudouin and Shackleton Ice Shelves, where strong wind scour has exposed low albedo blue ice (Hui et al., 2014;
Lenaerts et al., 2017).

4.3. Subseasonal Variability

On a monthly basis, the SAM-melt relationship is stronger in December than January for all ice shelves beyond
the Ross or Oates-George V regions (Figure 2e). Daily datasets show that the strongest SAM-melt correlations
occur around the summer solstice (Figure 4a), when incoming solar radiation is greatest (Figure S5c in Supporting
Information S1) and when the SAM index also significantly correlates with T,,,, and surface albedo (Figure S6 in
Supporting Information S1). In contrast, surface melt, T,,,, and incoming longwave radiation are greatest, and
albedo lowest, in early—mid January (Figures 4b and 4d & Figure S5 in Supporting Information S1), when the
corresponding correlations with the SAM index are reduced (Figure S6 in Supporting Information S1). These
results suggest that the conditions necessary for melt are usually already present in the January climatology, and
are less dependent on the SAM, whereas changes in the SAM are an important control on when (or whether) the
conditions for melt onset occur in December.

Furthermore, the similarity of the December and DJ SAM-melt correlations (Figures 2d and 2e) shows that the
December SAM is important in determining the full summer’s melt. This influence is explained by the snowmelt-
albedo feedback, which results in January having lower average albedo values than December (Figure 4d) but
greater interannual variability (Figure S7 in Supporting Information S1). Indeed, using the SAM index from a
month prior to the peak of the melt season improves the SAM-melt correlation in the Weddell, Dronning Maud
Land, and Amery regions (Figure 4c), showing the importance of this feedback in these regions, and providing an
indirect link between the SAM and peak melt intensities.

5. Discussion

Our findings support recent work highlighting the influence of the SAM on surface melt in East Antarctica by
showing that strong SAM-melt relationships exist for modeled meltwater fluxes as well as satellite-derived melt
metrics (Johnson et al., 2022) and melt proxies from climate models (Orr et al., 2023). Establishing the rela-
tionship between the SAM and surface melt fluxes is important because accurate melt flux estimates, and their
magnitude relative to precipitation, are key to determining whether melt ponds will form (Pfeffer et al., 1991; van
Wessem et al., 2023). Under a warmer climate, both surface melt and precipitation are expected to increase in
Antarctica (Gilbert & Kittel, 2021; Kittel et al., 2021; Nicola et al., 2023), although the relative magnitude, rates,
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Figure 4. (a) SAM-melt correlations; (b) mean surface melt fluxes; (c) 28-day lagged SAM-melt correlations; and (d) mean surface albedo plotted through the melt
season. Plots use 9-day running means of the NOAA SAM index and RACMO model output (1980-2018).

and spatial homogeneity of the changes remain uncertain. Future work investigating the processes controlling
surface melt should therefore also consider the associated impacts on precipitation, and it is vital that in-situ
observations are made in key melt locations to verify both modeled and satellite-derived estimates of melt and
precipitation.
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The majority of East Antarctica’s surface melt occurs on ice shelves (Figure 1). However, some surface melt does
occur on grounded ice, and the amount, whilst much less than on the ice shelves, is also often significantly
correlated with the SAM index (Figure 3a). We further find that for a decreasing SAM index, the greatest in-
creases in T,,,, sensible heat, and incoming longwave radiation do not occur over the ice shelves, but inland in
Wilkes Land (Figure 3), which is currently melt-free year-round (Figure 1). In the future, it is possible that melt
may become more widespread and reach such higher elevation areas away from the coast, as can already occur in
Greenland (Box et al., 2022; Nghiem et al., 2012) and West Antarctica (Wille et al., 2019), and our findings
suggest that the SAM would remain an important control on such melt.

Our analysis focuses on December and January, when the majority (>95%) of melt occurs (Table S1 in Supporting
Information S1; Figure 2c). We find that the SAM-melt relationship is stronger in December than January
(Figure 2e¢), and also slightly increases again in early February, particularly in the Amery and Wilkes Land regions
(Figure 4a). The lower correlations in January are likely because the climatology is already more susceptible to
melt (Figure 4 and Figure S5 in Supporting Information S1), and because of the non-linearity introduced by the
snowmelt-albedo feedback (Jakobs et al., 2021). This finding suggests that the SAM could be more influential
during the development, and possibly cessation, of the melt season than at its peak, and future work should
investigate whether the SAM-melt relationship remains robust at the height of the melt season in a warmer
climate.

Although we focus exclusively on the SAM-melt relationship in this work, other modes of atmospheric variability
can be potentially important controls. For example, the influence of ENSO on surface melt has been identified,
particularly in West Antarctica (Scott et al., 2019; Tedesco & Monaghan, 2009). However, the ENSO-melt
relationship is complex (Section 3), and the melt response to ENSO can vary dramatically around Antarctica;
for example, during the strong El Nifio summer of 2015/2016, melt was unusually prolonged and extensive in
West Antarctica (Nicolas et al., 2017; Zou et al., 2019) but melt fluxes were below-average in East Antarctica
(Figure 2c¢). Previous work has also shown that the phase of the Zonal Wave 3 (ZW3) pattern can control spatial
variability in meridional heat transport around Antarctica, as evidenced by sea ice anomalies (Goyal et al., 2022;
Raphael, 2004), but it is unknown whether a similar influence also occurs for surface melt. Future work needs to
account for such regional variability in the surface melt response, and to investigate how atmospheric circulation
patterns such as ENSO and ZW3 influence the zonal asymmetry of the SAM (Campitelli et al., 2022; Fogt
et al., 2012) and modulate the SAM-melt relationship. Similarly, a better understanding of events such as at-
mospheric rivers (Wille et al., 2019, 2022), and their relationship to modes of climate variability including the
SAM, could be critical for predicting the likelihood and magnitude of extreme melt events, and should be the
focus of future work.

Over recent decades, the summer SAM has trended positive because of ozone depletion and increased greenhouse
gas emissions (Arblaster & Meehl, 2006; Fogt & Marshall, 2020; King et al., 2023; Polvani et al., 2011). The
trend has slowed as the ozone hole recovers (Zheng, 2024) and would potentially reverse (Arblaster et al., 2011),
but a positive-trending SAM is projected by the late 21st century under increased greenhouse gas emissions (Deng
et al., 2022; Simpkins & Karpechko, 2012). Combined with our findings, these trends suggest that the SAM has
likely suppressed surface melt in East Antarctica over the satellite era, and could continue to do so in the coming
century. Nevertheless, our work has shown that the SAM-melt relationship in East Antarctica varies in time and
space, and caution therefore needs to be taken when using the SAM index as a simple proxy for surface melt,
particularly in a warming climate. By examining the underlying physical processes that drive the contemporary
SAM-melt relationship, our work provides insights that allow a more robust consideration of future surface melt
projections in East Antarctica. Future work also needs to account for the influence of other controls on surface
melt, such as ENSO, ZW3, and atmospheric rivers, and their interactions with the SAM, as well as determining
how the impact of a positive-trending (i.e., melt-suppressing) SAM balances against a warming (i.e., melt-
enhancing) climate.

Data Availability Statement

The RACMO2.3p3 datasets (van Dalum et al., 2021) are available online at: https://doi.org/10.5281/zenodo.
7639053. Ice shelves are defined according to the MEaSURES Antarctic Boundaries dataset, Version 2 (Mou-
ginot et al., 2017), which is available online at: https://doi.org/10.5067/AXE4121732AD. Two SAM indices are
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used throughout this work. The Marshall (2003) SAM index is available online from the British Antarctic Survey
(BAS) at: http://www.nerc-bas.ac.uk/public/icd/gjma/newsam.1957.2007.txt. The NOAA SAM index is avail-
able online from the NOAA Climate Prediction Centre (CPC) at: https://www.cpc.ncep.noaa.gov/products/
precip/CW1link/daily_ao_index/aao/aao.shtml. The NOAA ENSO3.4 index used in Figure 2a is available online
from the Physical Science Laboratory (PSL) at: https://psl.noaa.gov/gcos_wgsp/Timeseries/Data/nino34.long.
anom.data. The ERAS reanalysis data (Hersbach et al., 2020) used in Figure S2f in Supporting Information S1 is
available online from the Copernicus Climate Change Service (C3S) Climate Data Store (CDS) at: https://cds.
climate.copernicus.eu/cdsapp#!/dataset/reanalysis-eraS-single-levels-monthly-means. The AMSR melt obser-
vations (Picard, 2022) used in Figure 1 are available online at: https://doi.org/10.18709/PERSCIDO0.2022.09.
DS376. All data analysis and figure preparation was performed using the R programming language (R Core
Team, 2023), and relied heavily on the terra (Hijmans et al., 2023), khroma (Frerebeau et al., 2024), and devtools
(Wickham et al., 2022) packages. The R code can be accessed online at: https://doi.org/10.26180/24319153.v2.
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