Response to Reviewer Comment #2 (RC2)

We are grateful for the Reviewer’s time spent evaluating the manuscript, and for the valuable
comments, which we believe have helped improve the manuscript. Please find our response to
individual comments below - the Reviewer’s original comments appear in black text, while our
responses appear in blue.

Summary:

In this brief communication, the authors present a new, near-continuous grounding line (GL)
delineation for the Amundsen Sea Embayment (ASE) derived from a unique set of 1-day repeat-pass
Sentinel-1 SAR data acquired during the 2025 Sentinel-1C in-orbit commissioning phase. The short
repeat interval represents a rare opportunity to overcome the severe coherence limitations that
typically hinder InSAR-based GL mapping in this region, caused by fast flow, heavy crevassing, surface
melt, snowfall, and rapid GL retreat. As a result, the study provides an important and timely update
to existing GL products in the region, which in places have not been observed for several years. The
authors find minimal GL change at Abbot, Cosgrove, and Getz ice shelves since they were last
observed, while Pine Island Glacier has retreated by approximately 2—7 km since 2011. At Thwaites
Glacier, the 2025 grounding line is largely located within the grounding zone region identified in
recent ICEYE observations (Rignot et al., 2024) and also shows evidence of upstream seawater
intrusions.

Overall assessment:

This is a well-written and timely manuscript that presents valuable new insights alongside a high-
quality dataset of clear relevance to the wider glaciological community. In particular, this study
demonstrates the substantial improvement in GL detection achievable with 1-day repeat-pass
synthetic aperture radar data and provides an important, up-to-date GL dataset for the Amundsen
Sea Embayment; one of the most rapidly evolving sectors of the Antarctic Ice Sheet. | recommend
this manuscript for publication, subject to the authors addressing one general (moderate) concern
regarding uncertainties associated with tidal GL migration, along with several minor suggested edits
to the text and figures to improve clarity, as detailed below.

Thank you for the positive overall assessment. Please find our responses to your general and specific
comments below.

General comments:

The interpretation of the new GL dataset would benefit from a more explicit discussion of how
differences in coincident sea surface height (SSH) at the time of each SAR acquisition — driven by
tides and dynamic atmospheric contributions — affect the vertical deflection and GL position
recorded in each double-difference interferogram. This would help clarify how tidal GL migration may
influence the reported long-term GL retreat rates and better constrain the associated uncertainties,
which | appreciate are difficult to explicitly quantify. Several of the reported GL retreat distances are
comparable to grounding zone (GZ) widths (of order 1-5 km) inferred in previous studies, making the
tidal context of each new GL delineation particularly important for interpretation.

Specifically, | recommend that the authors provide the precise acquisition time (not just the date)
and corresponding SSH for each SAR image, as well as the maximum SSH and relative SSH difference
between the four images used to form each interferogram. Previous studies have emphasized the



importance of presenting new GL products alongside this contextual metadata (e.g. Freer et al.,
2023), and this could be readily addressed by adding the information to Table S1. Additionally, it
would be useful to comment on whether — where multiple interferograms are available from
repeated acquisition cycles along the same track — there are any signals of tidal GL migration that
could help to constrain variability in GZ width.

We have updated the dataset by providing a separate GL delineation for all of the processed
double-difference interferograms, yielding multiple retrievals for the vast majority of the ASE region
(the exception being Cosgrove Ice Shelf, which is only mapped once). As the Reviewer points out, this
does indeed provide additional, useful information in distinguishing short-term GL variation due to
tidal/atmosphere effects (i.e., migration within the GZ) and long-term retreat/advance. Although the
limited number of acquisitions still does not enable us to robustly map an exact GZ width, the vast
majority of the study area now features 2 to 7 separate delineations, which, we argue, does provide
partial constraints on the local effects of short-term GL migration (i.e., a “partial sampling” of the
GZ). In the updated Results section, we stress the differences between the single-acquisition historic
products, the 2018 Mohajerani et al. 2018 grounding zone product, and our “intermediary” 2025
product in the following paragraphs (lines 107-118): “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), although not covering the fastest-flowing glaciers (e.g.,
Pine Island, Thwaites, Smith), provides an estimate of grounding zone width based on all available
2018 Sentinel-1 data. In the ASE, grounding zone widths inferred from this product vary from less
than 1 km to locally more than 5 km.

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.”

We estimated relative (“double-difference”) SSH, as well as maximum SSH, for each of the DInSAR
products using the pyTMD software for tide elevation estimation and ERA5 reanalysis data for
estimating the Inverse Barometer Effect. We now include this additional information in Table S1,
along with precise Sentinel-1 timestamps, as suggested (we also include a brief section outlining the
SSH estimation procedure in the Supplementary Material, see Text S1). We include a Supplementary
Figure (Figure S2), which shows local examples of short-term GL migration, ranging from a few
hundred meters to several kilometers (this Figure is referenced in line 101 in the main text). While
we do observe a close agreement between relative SSH difference and the observed vertical
displacement difference (i.e., fringe count), we do not (generally) observe a clear correspondence
between max. SSH and inland GL location.

When inferring GL retreat, we now compare the 2025 GL retrievals with the estimated 2018
grounding zone from Mohajerani et al. (2021) wherever available, which provides a more realistic
assessment of GL migration (vs. comparing with just the single-acquisition historic products).



Finally, the 2025 GL product is now contained in a GeoPackage, which contains all of the individual
delineations along with metadata from Table S1, and can be downloaded from the updated Zenodo
archive (along with double-difference interferograms, now stored as regular GeoTIFFs).

Specific comments:

¢ Abbreviations - Please ensure consistent use of the abbreviated term “GL” throughout the
manuscript. The text currently alternates between “grounding line” and “GL”. The same applies to
any other abbreviations.

We replaced occurrences of “grounding line” with the “GL” abbreviation everywhere except for the
abstract, figure captions, section headers, and when used in reference to specific product names
(e.g., “the MEaSUREs Antarctica grounding line product”). We also replaced the majority of instances
of “Amundsen Sea Embayment” with “ASE”.

¢ Capitalisation - Please ensure consistent capitalization of “glacier(s)” and “ice shelf/ice shelves”,
particularly where plurals are used. For example, “Pope, Smith, and Kohler Glaciers” (L102) versus
“Pope, Smith, and Kohler glaciers” (L98, L142), and “Crosson and Dotson Ice Shelves” (L142) versus
“Dotson ice shelf” (L157). While this may ultimately be governed by journal style, | believe that the
general convention is to capitalize singular proper names (e.g. “Pine Island Glacier”, “Dotson Ice
Shelf”) and to use lower case for plural or generic references.

Fixed. Capital letters are now used consistently for specific glacier/shelf names (singular), while lower
case is used for generic/plural references.

¢ Grounding zone definition - Please clarify how the grounding zone (and its width) are defined. In
the existing literature, the term has been used to describe both the full region experiencing tidal
flexure (i.e. between Points F and H) and the distance over which the grounding line migrates with
the tide (sometimes termed the “ice grounding zone”) — the authors seem to use the latter
definition, but it would be useful to state explicitly.

We introduce ‘grounding zone’ in line 21 (line 22 in the updated manuscript): “The need for frequent
observations is compounded by the fact that the true GL fluctuates during a tidal cycle within a
grounding zone, which may be several kilometers wide, depending on factors such as tide magnitude,
ice thickness, and bedrock slope”. We argue that this aligns explicitly with the latter definition - we
changed “grounding zone” to “ice grounding zone” in the above sentence, to be consistent with
previous literature.

¢ L116 — Add a reference to Fig S2a-b in this first sentence where the results for Cosgrove Ice Shelf
are first described.

We moved the reference to the Figure (Figure S3 in the updated Supplementary) to the end of the
first sentence.

¢ L123-132 —The description of the retreat patterns across Pine Island Ice Shelf are difficult to follow,
| think due to the discrepancy between true vs grid compass directions. This section would benefit
from some text refinement and addition of some more descriptive labels in Fig. 3b.

We recognize that this description was unclear and ambiguous. In line with your comments below
(and comments from RC1), we have re-written the paragraph and edited Figure 3. We now refer to
three separate regions: “Main trunk”, “Piglet Glacier”, “Lucchitta Glacier”, and “Larter Glacier” - all of



which are labelled in Figure 3. Additionally, when referring to a direction, we refer to true
north/south (adding a true north arrow to Figures 1-3) instead of the “pseudo” east/west directions
in the polar-stereographic map projection. The updated paragraph now reads (lines 140-150):

“At Pine Island Ice Shelf, the main trunk GL 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 northern section has retreated by up to 7 km, while
the central part has pulled back by approximately 1-3 km. The 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
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 northern and southern
flanks than at the center. The southern tributary glacier, sometimes referred to as Piglet Glacier,
which flows toward the Pine Island Ice Shelf front, has experienced widespread GL retreat during
2016-2018, averaging around 3 km with localized retreats reaching up to 6 km, particularly in areas
where the bedrock slope is slightly retrograde. In 2025, we observe an additional apparent retreat of
around 2 km, compared to the 2018 grounding zone (Figure 3b). Conversely, at the northern
tributaries (Lucchitta and Larter glaciers), the GL has remained relatively stable, situated on a more
pronounced, mountainous, and prograde topography (Figure 3b).”

o0 L125 — The text here states that the western section of the main trunk has retreated by up to 7km,
followed by a statement that the western section of the main trunk [...] has retreated by around 5
km. Is this latter sentence meant to refer to the eastern section instead, or perhaps to the adjacent
glacier trunk (grid west) on the other side of the bedrock high? Adding labels to Fig 3b would help to
clarify this here.

Please see our response above.

0 L127 — Please clarify what is meant by ‘in this critical part of the glacier’?
This sector is where ice velocity (and hence discharge) is highest, as noted in the sentence (line 144):
“In this critical part of the glacier, where ice discharge is at its maximum, ...".

o L128 — It is unclear what is meant by the ‘eastern branch of Pine Island Glacier’. If this refers to the
tributary glacier (sometimes referred to as ‘Piglet’), please state this explicitly and add labels to Fig.
3b.

Indeed, this refers to the “Piglet” tributary, as now clarified in the text (lines 145-146, or see
response to comment L123-132).

e L135 — The authors state that the 2025 GL lies within the 2023 GZ, but this is not shown in Fig 3c. Is
there a reason why the 2023 ICEYE grounding zone has not been included on the map? As currently
presented, Fig. 3c gives the impression of substantial GL retreat since the last available observations
(ESA CCI 2016), which is potentially misleading without the 2023 ICEYE context.

We added the 2023 ICEYE GL retrievals to Figure 3c (omitting the inland intrusion/subglacial water
related delineations). The reasoning for not adding them originally is that the Figure was already
quite cluttered with various GL delineations, but we believe we’ve managed to make things more
legible in the updated Figure.

e L138 — These seawater intrusions are important observations and are clearly visible as bulls-eye



patterns in the interferogram in Fig 2c. | suggest adding labels or dotted outlines to highlight these
features and aid interpretation. While the comparison with Rignot et al. (2024) in Fig. S3 is
informative, not all readers will consult the supplementary material, so additional annotation in Fig.
2c would strengthen the main text.

We included an arrow/label pointing to the seawater intrusion in Figure 2c. Note that we have
updated the arrows/labels in Figure S3 (now Figure S4), to accurately distinguish between apparent
seawater intrusions (just behind the “main GL’) and apparent subglacial freshwater propagation
(further inland) - previously, all instances were labelled as seawater intrusions.

e L140 — Do the regions that you have observed higher retreat rates coincide with these subglacial
discharge outflows? If so, this is an interesting finding, and these features should be labelled on Fig.
3c. If not, this sentence feels somewhat out of place and disconnected from the otherwise
descriptive results presented in this paragraph.

The lake drainage event described by Gourmelen et al.,, (2025) was found to propagate to
approximately the same sector of the grounding line behind which the 2023-2025 seawater
intrusions were observed - indeed, a sector which has seen extensive retreat. We added this
comment in the sentence (lines 161-163): “...upstream lake drainages previously enhanced ocean
melting near the grounding line in the same sector as the observed seawater intrusions, promoting
further retreat”. While the specific drainage event from Gourmelen et al., (2025) occurred much
earlier than 2025, we found it relevant to make a note of the observations, as similar events could be
responsible for future GL evolution in this sector.

¢ L157 — It is not clear from Fig 3d where the two pinning points reported as having been lost since
2016 on Dotson Ice Shelf are located. To me it appears that only the smaller pinning point closer to
the main GL (grid east) is no longer grounded according to the updated 2025 GL. Please clarify this
point and/or annotate the figure accordingly.

On further inspection, it appears that the pinning points in question were potentially lost prior to
2025, as the latest delineations in the MEaSUREs/CCI datasets are from 2011 and 2014, respectively
(these were erroneously read off as 2016 previously). The pinning points are not present in the
Milillo et al. (2022) or Mohajerani et al. (2018) datasets (although it is possible that this is due to
limitations in coverage or coherence). Still, we decided to omit the sentence, to avoid a misleading
conclusion.

e L158 — The GL retreat observed at these smaller glaciers is interesting, but their locations are
missing from any of the figures. Please add their locations to Fig. 1a and consider adding
supplementary figures to show these results.

We added a Supplementary Figure (Figure S5), which shows multiple glaciers (Bunner, Holt, Philbin
Inlet, Singer, and McClinton) for which all 2025 GL retrievals lie just at (or fully behind) the inland
limit of the 2018 grounding zone (from Mohajerani et al.). We take this as indications of modest GL
retreat during 2018-2025 (with Holt Glacier being the most obvious example, showing a retreat of
2-3 km). We describe these results in the updated paragraph (lines 178-183):

“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., 2018), complicating the
prescription of long-term migration based on few observations. However, we note that all 2025 GL



delineations (3-5 retrievals per glacier) lie at the inland limit of the 2018 grounding zones, with only a
small fraction (or none) of the 2018 delineations extending comparably far inland, suggesting a
modest retreat. The clearest example is Holt Glacier, for which 2025 delineations lie 2-3 km inland of
any 2018 retrievals (Figure S5a).”

Figure comments

¢ Please add North arrows to all figure panels with maps. This is particularly important given that
true and grid north are often opposite in this region, which makes it difficult to interpret the results
described in the main text.

We have added true north arrows to all Figures.

Figure 1

¢ Please add additional labels with the names of the major glaciers/ice shelves highlighted

in each box (i.e. Abbot, Pine Island, Thwaites, Dotson/Crosson), as well as the other

glaciers referenced in the text (e.g. Philbin Inlet, Singer Glacier, McClinton glaciers).

¢ | also suggest adding inset boxes for Cosgrove and Getz ice shelves, which are discussed

in the manuscript and shown in Fig S2.

We have added labels for all the major ice shelves described in the text. We also added dashed boxes
and labels for Cosgrove and Getz. We avoid labelling the smaller glaciers (Philbin/Singer/McClinton)
here, and instead label those in Figure S5.

Figure 2

¢ Consider changing the colour of the labels for ‘Pine Island Ice Shelf’, ‘Thwaites Glacier’ and
‘Crosson Ice Shelf’, as the current white text is difficult to read against the background.

¢ Fig 2d — Please remove the stray light blue ‘2016’ label at Pope Glacier.

Colors have been changed for the Pine Island/Thwaites/Crosson labels to increase readability. We
also deleted the stray 2016’ label (good catch!)

Figure 3

* Please adjust either the colour scale of the MEaSUREs/CCI grounding lines or the background
bathymetry, as the current colours are very similar and make the grounding lines — particularly those
shown in light green — difficult to distinguish.

We have tweaked the colors of the GL datasets, such that they don’t intersect with the underlying
bed elevation colormap.

¢ Please add a line showing the location of the ice shelf fronts where they fall within the mapped
domain.

We manually mapped ice shelf front lines using intensity images from the 1-day Sentinel-1 dataset
(January-March 2025). They are now shown as white lines in Figures 2-3 and S3.

¢ Fig 3b — Please add additional descriptive labels such as ‘main trunk’, ‘tributary’, ‘western branch’
etc. to match the terminology used in the main text.

We added labels for “Main trunk”, “Piglet Glacier”, “Lucchitta Glacier”, and “Larter Glacier” and now
reference these in the text (cf. our response to your previous L123-132 comment).

¢ Fig 3c — Please add the 2023 ICEYE GZ region to the map, and label both the seawater intrusions
(those seen here and by Rignot et al., 2024) and any prominent ice shelf basal channels, to support
the statements discussed in L134-140.



We added the 2023 ICEYE GZ delineations to Figure 3c. We omit the seawater intrusion delineations
here (and instead highlight these in Figures 2 and S4). We also do not highlight basal channels, to
avoid overly cluttering the Figure.

¢ Fig 3d — Please remove the stray light blue ‘2016’ label at Pope Glacier.

Removed.

Figure S2 - Please add a citation for the BedMachine v3 bed elevation dataset in the caption.
Done. (Figure is now Figure S3).

Table S1 - Please add the time stamp and coincident SSH information for each SAR image and
interferogram, as requested above.

Table S1 now contains exact timestamps for the acquisitions used in each double-difference
interferogram, along with the estimated SSH double-difference and maximum for each product (cf.
our response to your General Comment). This metadata is also included in the updated GeoPackage,
containing the GL dataset.



