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Abstract. Knowledge of Antarctic glacier grounding lines, which mark the transition between grounded and floating ice, is
a vital parameter in determining the stability of major ice shelves and hence the ice sheet. Rapid grounding line retreat and
associated mass loss has been documented at numerous Antarctic glaciers, particularly in the Amundsen Sea Embayment.
However, few comprehensive grounding line mappings exist, particularly from recent years. Here, we utilize a unique record
of Sentinel-1 Synthetic Aperture Radar 1-day repeat-pass imagery to generate a comprehensive retrieval of grounding line

location in the Amundsen Sea Embayment in 2025 and evaluate recent changes.

1 Introduction

Mass loss from the Antarctic Ice Sheet has increased over the past four decades, mainly due to speed-up and increased ice
discharge of glaciers in West Antarctica (Otosaka et al., 2023). Mass loss from this sector increased from 39.5 +19 Gtly
during 1992-2001 to 103.6 +10.8 Gt/y during 2002-2020 (Otosaka et al., 2023). Glacier acceleration is linked to ice shelf
weakening, driven by the intrusion of warm, saline circumpolar deep water beneath floating ice, which enhances basal melting
(Holland et al., 2023). Melting peaks near the grounding line (GL), the boundary between grounded and floating ice. As
ocean-temperaturesrisewarm and saline circumpolar deep water is advected below the ice shelf, GL retreat into deeper basins
accelerates ice flow and dynamic thinning, further promoting retreat and decreasing the buttressing potential of iee-shelves-the
shelf (Schmidtko et al., 2014; Holland et al., 2023; Joughin et al., 2014). In the Amundsen Sea Embayment (ASE), located
at the West Antarctic Ice Sheet (Figure 1) and holding a +-2-1.26 £ 0.02 m potential sea level rise (Morlighem et al., 2020),
monitoring of greundingtines-GL locations is of particular interest due to their documented rapid retreat into drainage basins
deep below sea level, which will likely lead to further instabilities and mass loss in the future (Mouginot et al., 2014; Park
et al., 2013; Rignot et al., 2014; Scheuchl et al., 2016).

Given the groundingtineGL’s critical role in Antarctic ice sheet stability and mass loss, accurate information on its evolution

is essential for better constraining ice-ocean interactions and predicting the ice sheet’s future evolution and its contribution to
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sea-level rise. Thus, extensive and repeated observations of this critical boundary are essential (Konrad et al., 2018; Rignot,
2023). The need for frequent observations is compounded by the fact that the true GL fluctuates during a tidal cycle within
a-an ice grounding zone, which may be several kilometers wide, depending on factors such as tide magnitude, ice thickness, and
bedrock slope {Fricker-andPadman;2006)(Fricker and Padman, 2006; Freer et al., 2023; Milillo et al., 2022; Rignot et al., 2024

While in-situ methods for observing groundingline-GL location have been demonstrated (e.g., Le Meur et al. (2014)), remote
sensing techniques offer a more feasible alternative for large-scale, repeated retrievals. Several remote sensing techniques
have been applied including phase-based and amplitude-based processing of satellite Synthetic Aperture Radar (SAR) data,
repeat laser or radar altimetry, and optical imagery - a comprehensive review of these methods are-is provided by Friedl et al.
(2020). The most accurate retrievals are obtained from double-difference SAR interferometry (Rignot, 1996; Friedl et al., 2020)
(described in section 2.2). This technique has been used to map groundingtines-GLs across the Antarctic Ice Sheet, with the
ERS-1/2 satellites allowing for a particularly extensive coverage, however only during periods where the satellites flew in short
repeat-pass constellations (i.e., the 1-day tandem phases during 1995-1996 and 1999-2000 and the 3-day ice phases during
1991-1992, 1994, and 2011) (Rignot et al., 2016). While the temporal resolution of these acquisitions was limited to discrete
intervals, precluding a full delineation of the grounding zone, the ERS imagery enabled the detection of rapid and widespread
grounding-line-GL retreat across West Antarctica during the 1991-2011 period (Rignot et al., 2014). Recent advances using
data from the Sentinel-1 archive provided an-a continent-wide estimate of the grounding zone, through a dense time series of
automated interferometry-based GL retrievals from 2018 (Mohajerani et al., 2021). However, this retrieval was limited by the
relatively long repeat-pass period of Sentinel-1 (6 or 12 days), hindering delineations in the fastest-changing sectors, where
strong decorrelation occurs in central glacier trunks experiencing the highest GL retreat. Some previous studies have acquired
commercial/non-public SAR data with short repeat-pass periods to provide well-resolved GL retrievals over specific glaciers
(e.g., Rignot et al. (2024); Milillo et al. (2022)). However, no public, routinely acquired SAR data with a repeat-pass period
short enough to provide adequate GL delineations over the fastest-changing glaciers in the ASE currently exists.

Here, we use Sentinel-1 imagery with a 1-day repeat-pass period, acquired during January-March 2025 for the in-orbit
commissioning of Sentinel-1C, to delineate glacier ingH tGLs across the ASE.

The short repeat-pass data allows for a-several well-resolved, contemporary delineation-of- ASE-groundingtinesdelineations
of ASE GLs, most of which have been mapped only rarely in the past decade and, to our knowledge, not at all since 2020 or

earlier.

2 Data and methods
2.1 Sentinel-1 data

The EU Copernicus Sentinel-1 satellite constellation nominally consists of two C-band SAR satellites, orbiting in a polar, sun-
synchronous orbit 180 degrees out of phase. The orbit repeat-pass period is 12 days, yielding a 6-day repeat-pass period with

two active satellites. Sentinel-1A, launched in April 2014, remains active, while Sentinel-1B (launched in July 2016) ceased
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operations on 23 December 2021 due to a power system failure. Consequently, dense 6-day repeat-pass coverage was available
across the Antarctic and Greenland ice sheet margins from 2016 to 2021. From 2022 to early 2025, the constellation operated
with only Sentinel-1A, yielding 12-day temporal baselines. The launch of Sentinel-1C on 5 December 2024, followed by its
in-orbit commissioning (completed in May 2025), restored 6-day repeat coverage. Sentinel-1D is-eurrently-planned-forlauneh

in-tate-was successfully launched on 4 November 2025tereplacetAswhich-has-exceeded-its-expectedifetime, and is currently
undergoing in-orbit commissioning.

A short temporal baseline (i.e., the time separation of images) in interferometric SAR processing is vital, as increased
baselines generally lead to increased decorrelation. In many parts of the marginal Antarctic and Greenland ice sheets --high
flow speeds, shear deformation, snowfall and redistribution, and/or surface melt yield total decorrelation for 6- or 12-day
Sentinel-1 image pairs all year, excluding-precluding the retrieval of flow speeds or greundingtine-GL delineations.

During the in-orbit commissioning phase of Sentinel-1C, the satellite was temporarily placed in a 1-day offset orbit relative
to Sentinel-1A from January 17th to March 7th 2025. A total of 166 Single Look Complex image slices, covering four orbit
tracks (see Figure S1) in the Interferometric Wide swath mode, were acquired from both satellites over the marginal Antarctic
Ice Sheet in the Amundsen-SeaEmbayment{(Figure-ASE (Figures 1). These 1-day repeat retrievals form the basis of our
updated 2025 grounding-line-delineationGL delineations.

2.2 Double-difference interferometry for grounding line detection

Differential SAR interferometry (DInSAR) measures the phase difference between two subsequent SAR acquisitions, which,
after correcting for satellite geometry and surface topography (using a Digital Elevation Model), is proportional to surface
displacement in the radar line-of-sight (LoS) direction (Massonnet et al., 1993). Because the LoS vector has both vertical and

horizontal components, phase changes can reflect motion in either direction:

AqleoS = A¢}1wrz + A(bil)e'rt (1)

By differencing two sequential DInSAR measurements, a technique known as double-difference interferometry, we isolate
changes in LoS displacement between the two time intervals. If horizontal velocity remains steady, these differences primarily

reflect changes in vertical displacement:

Ad’?{%’ = (Agb%wrz + A¢12)ert) - (A¢}Lorz + A(rbilJert) = Ad)qz)ert - A(bql)ert (2)

Over floating ice shelves, tidal variations between acquisitions often produce different vertical motion contributions between
repeat passes, leading to measurable double-difference phase signals in the form of dense fringes, while the (presumed) constant
horizontal flow contribution cancels out. The inland limit of these fringes marks the limit of tidal flexure of the ice, which
approximately coincides with the groundingtineGL, although the true groundingline-GL will generally lie slightly seaward

of the flexure limit (Fricker and Padman, 2006). This approach is widely regarded as one of the most accurate remote sensing
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methods for groundingtine-GL detection and has been applied with various SAR sensors (Rignot, 1996; Joughin et al., 2010;
Friedl et al., 2020).

Differential interferograms were processed using the workflow outlined in Andersen et al. (2020). The REMA DEM at 100
m resolution (Howat et al., 2022) and MEaSUREs Antartica Ice Velocity product at 450 m resolution (Rignot et al., 2017)
were applied in the refined coregistration procedure, and all images from each respective track were resampled to the same
reference image. We use Precise Orbit Ephemerides (POE) to update orbit state vectors only for Sentinel-1A acquisitions, as
POE products for Sentinel-1C were not available for this period. Finally, double-difference interferograms are then formed
simply by differencing the phase images of sequential interferograms.

Groundinglines-GLs were manually digitized at the inland limit of the tide-induced fringe patterns (see Figure 2). For-some
areas;multiple-A separate delineation was generated for each available double-difference interferograms-are-avatlable-dueto

; g g ; clineating-the ineinterferogram, digitizin
all resolvable (coherent) GL features within the given product. We also digitize pinning points, i.e. localized areas of the ice

shelf that stick to bathymetric highs and act to buttress and stabilize ice flow.

3 Results

Figure 1 shows an overview of the 2025 Amundsen-Sea-Embayment-groundingtinefrom-the-ASE GL delineations from

available Sentinel-1 1-day repeat imagery —Fhe-delineationspans—from-the-(see Table S1), spanning the coast from Abbot Ice
Shelf to the-Getz Ice Shelf. Figure 2 shows examples of Sentinel-1 1-day double-difference interferograms fer-the-four-and

associated GL delineations for four of the regions highlighted in Figure 1. The interferograms are generally highly coherent and
a-contighous-grounding-line-is-delineated-at least one contiguous GL delineation was mapped for nearly the entire coast, with
a few exceptions in zones of high velocity gradients at Thwaites, Pine Island, and Kohler glaciers, which lead to decorrelation
even with the 1-day repeat pass period. For the majority of the region, multiple GL delineations were made spanning different
tidal and atmospheric conditions (Text S1, Table S1). GLs near the Abbott and Cosgrove ice shelves were captured in 1-2
delineations, while the remaining regions were captured in 3-7 separate retrievals. While this sampling density is insufficient
to robustly resolve the full grounding zone, the availability of multiple delineations enables partial observation of short-term,
tide- and pressure-induced GL variability. Examples of such short-term GL migration, varying from a few hundred meters to

several kilometers, are shown in Figure S2.
Figure 3 shows a comparison between the new 2025 greundingtine-delineation-GL delineations and the MEaSURESs Antarc-

tica grounding line product (Rignot et al., 2016), which contains retrievals from the period 1992-2014 for nearly the full region,
the ESA CCI grounding line product (ESA AIS CCI, 2021), containing retrievals from the period 1994-2020 for select glaciers,
and the COSMO-SkyMed grounding line dataset from Milillo et al. (2022), covering the Pope, Smith, and Kohler Glaeiers
glaciers during 2016-2020, depending-on-which-productcontains-thetatest-well-resolved-delineation—tor-the-given—glaeie

The-groundinglines-are-overlaid on the BedMachine v3 bed elevation product (Morlighem, 2022). In-the- ASEsectorestimates
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These historic GL products generally rely on single or sporadic acquisitions per year and therefore represent snapshots of

the GL at varying tidal and atmospheric conditions, rather than the full grounding zone. In contrast, the deep learning-based
2018 GL dataset of Mohajerani et al. (2021

Smith), provides an estimate of grounding zone width are-mestly-around-based on all available 2018 Sentinel-1 data, In the
ASE, grounding zone widths inferred from this product vary from less than 1 km but-mayleecallyexeeed-to locally more than

5 kmMehajerani-et-al; 202 Consequently;the reported-changesin-GlElocation-should-be-viewed-as-approximative--as-the

although not covering the fastest-flowin Pine Island, Thwaites

B3

Taken together, these differences in temporal sampling imply that apparent GL advances or retreats between products,
particularly between single-acquisition historic delineations and the 2025 retrievals, should be interpreted with caution. Where
offsets of several kilometers are observed, part of the apparent change may reflect the incomplete capturing of the grounding
zone, rather than solely long-term migration. The 2025 dataset occupies an intermediate position between single-acquisition
historical products and fully resolved grounding zone estimates, providing improved, although partial, constraints on short-term

GL variability.
At Abbot Ice Shelf, which extends from the Bellingshausen Sea into the ASE, the GL remains almost completely unchanged

since the 1990s, with the 2025 delineation lying within &1 km of the 1992/1995 position almost everywhere (Figure 3a),
which in turn aligns well with the 2018 grounding zone (Mohajerani et al., 2021). Christie et al. (2016) found a widespread
but modest greunding-tine-GL retreat during 1990-2015 (<1 km for most sectors but locally as high as 3 km). Such a retreat
does not appear to have continued into the 2015-2025 period. The locations of pinning points observed in 2025 remain nearly
identical to the 1992/1995 positions (Figure 3a). Owing to its stability relative to the neighboring ice shelves in the ASE, the
Abbot Ice Shelf remains less studied, however, previous work has identified an onset of dynamic thinning following a flow

speed-up at the grounding zone (Chuter et al., 2017), and the ice shelf has been suggested to be vulnerable to incoming warm

circumpolar deep water (Christie et al., 2016). The 2025 GL delineations also provide coverage over nearly the entire coast of

Thurston Island (Figure 1), most of which is not captured in historic products (Rignot et al., 2016; ESA AIS CCI, 2021).
Similarly, the neighboring Cosgrove Ice Shelf shows no apparent GL changes since the +992-2644-1992-2018 period,

with the 2025 delineation lying within a few hundred meters of the 2011 retrieval almost everywhere (Figure S3a-b). An
exception is observed in the central, fastest-flowing trunk, where the 2025 GL lies 1-2 km inland from the 2011 delin-

eation(Figure-S2a-b), although still remaining well within the 2018 grounding zone, which is observed to be wider in this
sector (Mohajerani et al., 2021). The apparent stability is not surprising, as the Cosgrove groundingtine-GL is situated on a
predominantly prograde bed (Figure S2b)-S3b). Only a single double-difference interferogram could be generated for this

region, so any short-term, tide-induced GL migration is not captured by our product.
The fastest-flowing sector of the Getz Ice Shelf is not covered by the Sentinel-1 1-day repeat data set. For the rest of the ice

shelf, we compare the 2025 GL delineation-delineations with the 2018 retrievals from Mohajerani et al. (2021) and note that
the 2025 GL lies approximately within the estimated 2018 grounding zone, with a few local exceptions, in which the 2025 GL
ties-appears to lie 1-2 km inland (Figure S2e-dS3c-d).
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At Pine Island Ice Shelf, the main trunk greundingtine-has-shown-aGL shows an apparent further retreat of approximately
2-7 km since 2011, following a larger retreat of 15-20 km during 1992-2011. In the main trunk of the glacier - the region

with the fastest ice flow - the westeranorthern section has retreated by up to 7 km, while the central part has pulled back by
approximately 2:5-1-3 km. The western-southern section of the main trunk appears to have been dislodged from a sill in the
bedrock topography at a depth of -1000 m and has-subsequently retreated by around 5 km (Figure 3b). In this critical part
of the glacier, where ice discharge is at its maximum, the GL has retreated more significantly along the eastern-and-western
northern and southern flanks than at the center. The easterabranch-of PineIstand-southern tributary glacier, sometimes referred

to as Piglet Glacier, which flows toward the iee-shel-Pine Island Ice Shelf front, has also-experienced-a-grounding tineretreat
averaging-around-S-km—-experienced widespread GL retreat during 2016-2018, averaging around 3 km with localized retreats
reaching up to 7-6 km, particularly in areas where the bedrock slope is slightly retrograde. On-the-western-flank-of-the-ice-shelf;
however, the grounding tine In 2025, we observe an additional apparent retreat of around 2 km, compared to the 2018 grounding
situated on a more pronounced, mountainous, and prograde topography (Figure 3b). Finally, the 2025 interferograms show the

feature (Qian et al., 2025; Rignot et al., 2014).
The Thwaites Ice Shelf groundingtine-GL has shown a spatially varying retreat since 1992, ranging from <1 km to 20 km,

(Milillo et al., 2019; Rignot et al., 2014, 2024). The highest retreat rates are associated with ice shelf basal channels, which
enhance basal melt rates, and steep retrograde bed slopes (Chartrand et al., 2024). The-2025-grounding-line-delineation-In the

eastern sector, where the ice shelf is largest, we observe local retreats spanning 3-8 km, when comparing to the 2018 groundin

zone (Mohajerani et al., 2021). In the western sector, the 2025 GL delineations (Figure 3c) Hes-lie within the 2023 grounding
zone measured by (Rignetet-al;2024)-Rignot et al. (2024) using commercial ICEYE data. Loss of coherence in parts of the

fastest-flowing sector leads to local discontinuities in the 2025 delineationdelineations. We observe indications of apparent
seawater intrusions behind the Thwaites GL, which may enhance basal melting under grounded ice, in the same leeations
location reported by Rignot et al. (2024) in March-June 2023 (Figure-S3Figures 2¢ and S4), suggesting that these intrusions
persistently reoccur. Recent work has-also documented how subglacial discharge from upstream lake drainages temperarihy
enhanees previously enhanced ocean melting near the grounding tineGL in the same sector as the observed seawater intrusions,
promoting further retreat (Gourmelen et al., 2025).

Figure 3d shows an overview of the system of Pope, Smith, and Kohler glaciers, which feed the Crosson and Dotson
Tee-Shelvesice shelves. At the main trunk of Pope Glacier, the 2025 grounding-tine-GL remains at the 2018-2020 position,
following an apparent 6 km retreat during 2014-2018 (and a ~15 km retreat during 1996-2014). Scheuchl et al. (2016) noted
that a prograde bedrock slope beginning 4.5 km behind the 2014 GL position might limit further grounding-tine-GL retreat,
perfectly in line with our observations. A similar pattern is observed at Smith Glacier. Both of the Smith East and Smith West
groundingtines-GLs remain at their 2018-2020 positions, following a 5-6 km retreat during 2014-2020. Both greunding-lines
GLs now sit at flat or slightly prograde bed slopes, after having retreated past retrograde slopes during 1992-2016 (Scheuchl
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et al., 2016; Milillo et al., 2022). Contrary to Pope, however, both Smith East and Smith West will encounter retrograde bed
slopes again if GL retreat continues another 3-7 km (Figure 3d).

The Kohler Glacier grotndingtine-GL retreated 8 km during 1992-2011, re-advanced 4.5 km during 2011-2014, then
retreated 7 km during 2014-2020. The 2025 grounding-tine-GL now sits approximately at the 2018-2020 position, about 3
km from the top of a steep prograde slope (Milillo et al., 2022).

The abated grounding-tine-GL retreat during 2018-2025 of Pope, Smith, and Kohler (compared to the preceding decades)
is associated with a shift in the ice flow regime: Selley et al. (2025) observed near-steady flow speeds during the 2015-2022

period for all glaciers, whereas all glaciers showed rapid flow acceleration for all or parts of the 2005-2015 period.

ir-Finally, we note apparent GL retreat
at a series of smaller glaciers, including Bunner, Holt, McClinton, Singer, and Philbin Inlet glaciers (Figure S5). These glaciers
generally exhibit wide grounding zones (5-10 km), as estimated from 2018 data (Mohajerani et al., 2021), complicating the
prescription of long-term migration based on few observations. However, we note that all 2025 GL pesitions-do-appear-to-tie
within(ernear)-the-estimated-delineations (3-5 retrievals per glacier) lie at the inland limit of the 2018 grounding zonesfrom
Mohajerant-etal(202h—, with only a small fraction (or none) of the 2018 delineations extending comparably far inland,
suggesting a potential modest retreat. The clearest example is Holt Glacier, for which 2025 delineations lie 2-3 km inland of
any 2018 retrievals (Figure S5a).

4 Conclusions

Continually updated retrievals of glacier grounding-tines-GLs are essential for understanding the ongoing rapid mass loss
from the ASE as well as detecting early signs of retreat and instability at other ice shelves (Li et al., 2023; Brancato et al.,
2020; Milillo et al., 2019; Millan et al., 2022). Existing spatially comprehensive GL products are based primarily on data
from ERS-1/2, Sentinel-1, and TerraSAR-X/TanDEM-X with additional retrievals from Radarsat-1/2, ALOS PALSAR, and
COSMO-SkyMed (Rignot et al., 2016; Mohajerani et al., 2021; Milillo et al., 2022; ESA AIS CCI, 2021). The vast majority
of well-resolved, contiguous groundingtine-GL delineations, however, come from short repeat-pass SAR acquisitions, such
as ERS-1/2 imagery from the tandem mission phase (1-day repeat-pass, 1995-1996 and 1999-2000) and the ice phase (3-
day repeat-pass, winters of 1991/1992 and 1993/1994 and 2011) (Rignot et al., 2016; Friedl et al., 2020). Other studies have
used short repeat-pass data from non-public/commercial SAR satellites, allowing for highly resolved GL retrievals at specific
glaciers (e.g., Milillo et al. (2019); Rignot et al. (2024)). No current satellite mission provides publicly available, short (<6
days) repeat-pass SAR data, and no sensors acquire routine short repeat-pass data with a large-scale (i.e., ice sheet-wide)
coverage. This lack of short-repeat pass data remains the limiting factor for routinely retrieving greundinglinelocations;
speetfieally-GL locations, particularly for the most vulnerable and rapidly changing regions of the ice sheet (Friedl et al.,

2020). In this context, the Sentinel-1 1-day repeat-pass acquisition campaign during the Sentinel-1C commissioning phase
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Figure 1. Overview of Sentinel-1 2025 Amundsen Sea Embayment grounding line delineation-delineations (black tnelines), overlaid on

an ice velocity mosaic from MEaSUREs (Rignot et al., 2017), clipped to the 2025 ice shelf extent (as derived from Sentinel-1 intensit
images). Black rectangles indicate spatial extents of panels (a)-(d) in Figures 2 and 33, while dashed rectangles show extents for Figure S3.

Background map is a Sentinel-2 true color mosaic from January-March 2025 and map projection is EPSG:3031 (arrow in top left corner

shows true north.



Figure 2. Sentinel-1 1-day repeat double-difference interferograms from 2025 covering Abbot Ice Shelf (a), Pine Island Ice Shelf (b),

Thwaites and Haynes glaciers (c), Pope, Smith, and Kohler glaciers (d). Acquisition dates-times and erbit-tracknumbers—corresponding
relative and maximum sea surface height estimates (Text S1) are provided in Table Slin-the-Supplementary-Material. The-2025-Sentinel-
1 ZV\N\groundmg line pfedﬁeHs—dV@L@W indicated by black lines. Th&den%e«ffmgeﬁaa&em%«&ﬂs&ffei&d&ffefeﬂee&lnset in the
approximateb) grounding
M%mwmww&wmmmmm@mm
theformof loeal cireutar fringe patternsFigure S6), which shows complete loss of coherence. White lines show 2025 ice shelf calving fronts
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Figure 3. Grounding line changes at Abbot Ice Shelf (a), Pine Island Ice Shelf (b), Thwaites and Haynes glaciers (c), Pope, Smith, and
Kohler glaciers (d). Background map shows bed elevation from BedMachine v3 (Morlighem, 2022) and white lines indicate 2025 ice shelf
calving fronts. The 2025 Sentinel-1 grounding line product is indicated by erange-black lines, while the MEaSURESs (Rignot et al., 2016),
ESA-CEHESAAIS-CEL262HESA AIS CCI (2021), and-Milillo et al. (2022), and Mohajerani et al. (2021) grounding line products are

indicated by various colors, depending on the-retrieval year (see legend in panel (a)). Grey lines in (c¢) show grounding line delineations from

Rignot et al. (2024).
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clearly demonstrates the potential for operational short-repeat SAR acquisitions in large-scale, high-resolution greunding-tine
monttoring-Figure-S4-iHustrates GL monitoring. Figures 2¢ and S6 illustrate the significant improvement in coherence achieved
with 1-day repeat data compared to longer baseline interferograms. The launch of Sentinel-1D may provide another opportunity
for acquiring 1-day repeat imagery and hence groundingtine-GL delineations similar to the ene-ones presented here.

‘We have presented a 2025 grounding line delineation-dataset in the Amundsen Sea Embayment featuring multiple acquisitions
with near-contiguous coverage, based on a, to date, unique set of Sentinel-1 1-day repeat-pass data. Groundingtines-GLs
in the ASE have been mapped with a relatively coarse temporal resolution over the past three decades and, to our knowl-
edge, the vast majority of greundinglines-GLs have not been mapped since the 2018-2020 period (Mehajerani-et-al;2621)
(Mohajerani et al., 2021; Milillo et al., 2022), so the 2025 delineation-dataset serves as an important acquisition in maintaining
a consistent time series for the region. Future GL retrievals will be needed to monitor both the ongoing retreat at glaciers such
as Pine Island and Thwaites as well as the potential onset of groundingtine-GL retreat, and hence instability, at other ice shelves
such as Abbot, Cosgrove, and Getz.

The 2025 grounding-tine-retrieval-highlights-GL retrievals highlight areas of continued vulnerability, particularly at Pine
Island and Smith Glaciersglaciers, where the groundinglines-GLs are situated at or near retrograde bed slopes. At Pine Island,
retreat into deeper terrain will further enhance discharge, while continued retreat at Smith could soon lead to renewed instability

as the glacier enters another retrograde section of the bed. These configurations emphasize the value of high-resolution, repeated

groundingtine-mapping-GL observations to track evolving glacier stability.

Data availability. The 2025 Amundsen Sea Embayment grounding line product, along with geocoded Sentinel-1 double-difference in-
terferograms used for delineations, is available at https://doi.org/10.5281/zenodo.18503724. Sentinel-1/2 imagery, including Precise Orbit
Ephimeredes, is available at https://dataspace.copernicus.eu/. The MEaSUREs Antarctica grounding line product is available at https://doi.
org/10.5067/IKBWW4RYHF1Q (Rignot et al., 2016) and the ESA CCI Antarctica grounding line product is available at https://climate.esa.
int/en/projects/ice-sheets-antarctic/ (ESA AIS CCI, 2021). The MEaSUREs Antarctica velocity mosaic is available at https://doi.org/10.5067/
D7GK8F5J8MSR (Rignot et al., 2017), the BedMachine v3 bed elevation product is available at https://nsidc.org/data/nsidc-0756/versions/3
(Morlighem, 2022), and the REMA Digital Elevation Model is available at https://doi.org/10.7910/DVN/EBW8UC (Howat et al., 2022).
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