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Response to “RC2: 'Comment on egusphere-2025-4771', Christian Wild, 21 Jan 2026” 

 

 

Dear Dr. Wild, 

 

We thank you for reviewing our manuscript and for providing a thoughtful, detailed, and insightful 

critique of our approach to exploring glaciological processes. In response to your major comments, 

we conducted: 1) additional ice-bending analysis, 2) improved ice surface displacement 

reconstruction, and 3) revision to our analysis and discussion of flexure-zone and grounding-zone 

widths and their landward positions. We hope that these changes, along with minor revisions, have 

improved both the quality and scope of the manuscript, and, in particular, its relevance to the 

cryospheric modeling community. 

 

Our detailed responses to all comments are provided below in blue font. 

 

 

Review of Antropova et al., submitted to The Cryosphere Discussion 

Intra-annual grounding line migration and retreat: insights from high-resolution satellite 

and in-situ observations over Milne Glacier in the Canadian High Arctic 

By Christian T. Wild 

January 2026 

Summary: 

Antropova et al. present a detailed differential interferometric SAR (DInSAR) analysis of the tidal-

flexure zone of Milne Glacier. Using a high-temporal-resolution RADARSAT dataset with 4-day 

repeat intervals, combined with in situ observations, they test the commonly assumed steady-flow 

condition applied in many DInSAR grounding-line studies. They also show that intra-annual 

grounding-line retreat occurs in a spatially and temporally heterogeneous pattern. They link this 

variability to subglacial topography and the development of localized pinning points, and offer 

speculations about the implications for basal melt rates and the potential for upstream ocean-water 

intrusion beneath the ice. 

 

Strengths: 

The authors demonstrate strong command of the DInSAR technique from a remote-sensing 

perspective and reveal clear, instructive examples of well-known processes associated with tidal 

flexure of ice shelves, which I elaborate on below. I have rarely seen such a thorough quantification 

of the steady-flow assumption, nor such careful consideration of how different satellite tracks (and 

associated variations in incidence angle and azimuth) capture the tidal-flexure signal. For this, I 

commend the authors. I particularly appreciate their use of available GNSS data for validation. 

However, because the GNSS measurements may be temporally biased (limited to a three-hour 

acquisition window per day, L183, which may also explain why they yield substantially higher ice 

velocities than the SAR-derived estimates in Fig. 2a), I wonder whether the analysis should be 

extended to include SAR-derived velocities alone. This would make the approach more 

transferable to settings where GNSS data are unavailable and could provide a clearer spatial picture 

of how the steady-flow assumption performs across the tidal-flexure zone, where velocity 

gradients are most pronounced towards their lateral margins. 
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Thank you for your feedback on our study and for recognizing its strengths in the remote sensing 

component and the use of in situ observations. We consider the use of in situ observations, 

including GNSS-derived velocities, to be an essential component of this work. We assume the 

GNSS-derived velocity records to be representative of grounding-zone velocities along the glacier 

centreline. We have clarified our use of GNSS records in our response below as well as in the 

manuscript. In addition, we improved our discussion of temporal biases with respect to SAR data 

acquisition times and quantified uncertainties associated with the derived velocities and tidal 

bending. 

Although SAR-derived velocities provide promising research avenues, we consider this analysis 

to be outside the scope of the current manuscript. Therefore, SAR-derived velocities are used 

mainly to support our GNSS-derived velocities, which have much better temporal resolution and 

are well suited to our DInSAR analysis. 

 

Weaknesses: 

The study lacks a clearly defined glaciological hypothesis and instead reads largely as an 

enumeration of observations that have been explored extensively in the past.. Similar datasets have 

already been used to address, among other things: (1) improvements to tidal models (Wild et al., 

2019), (2) the depth of the neutral layer in a deforming beam, (3) effective ice stiffness (Wild et 

al., 2018), (4) shear-margin strength (Wild et al., 2025), (5) two-dimensional effects on flexural 

patterns (Rack et al., 2017; Wild et al., 2018). Many of these applications have been published in 

this journal, yet the authors appear to be insufficiently engaged with this literature. This is reflected 

in an incomplete reference list, shortcomings in the introduction, and at times imprecise or 

incorrect terminology. 

Given these issues, and considering that most recent glaciological DInSAR studies in The 

Cryosphere now combine DInSAR with multi-sensor approaches (Li et al., 2023), machine-

learning methods (Ramanath et al., 2025), broad spatial (Picton et al., 2023) or temporal coverage 

(Chien et al., 2026), or numerical modeling of tidal flexure (Ross et al., 2024; Wild et al., 2025), I 

recommend that this manuscript may be more suitably placed in a more method-focused journal 

such as IEEE or a similar outlet. In that context, it would serve as an excellent technical reference 

that showcases the paper’s considerable methodological strengths. If the manuscript were to be 

framed more explicitly within a glaciological scope, it could be strengthened by a robust 

investigation of short-term ice-flow dynamics and their relationship to changing buttressing as 

pinning points emerge and evolve. 

 

Thank you for the constructive critique and suggestions. We agree that our study has an 

observational remote-sensing focus. It provides a thorough investigation and quantification of 

SAR-detected changes in a tidal-flexure zone from four different orbits at a high spatial and 

temporal resolution, which have not previously been explored in the literature. Our comprehensive 

dataset and approach contribute to a better understanding of the impact of variable glacier velocity 

with respect to different SAR viewing geometries on the delineation of SAR-derived tidal flexure-

zones. In addition, we explore changes in the tidal flexure zone with respect to environmental and 

glacier-specific factors. Our advances in these regards should be of interest to the broader 

glaciological community and well-aligned with The Cryosphere’s scope. Therefore, we believe 

that our study is a better fit for The Cryosphere than for IEEE or a similar outlet. 

We acknowledge that the initial version of the manuscript did not explicitly discuss the processes 

examined in detail by Wild et al. (2018, 2019, 2025) and Rack et al. (2017). To address comments 
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regarding the processes acting in the glacier flexure zone and to situate our study more clearly 

within a glaciological context, we have: 

- incorporated an analysis of ice compression and extension effects due to bending (i.e., 

Major Comment 1 below), 

- included all sinusoids in the unraveling/reconstruction (i.e., Major Comment 2 below), and 

- revised our analysis and discussion of flexure-zone width and hinge-line landward 

migration, referred to as the “distance to hinge line” (i.e., Major Comments 3 and 4 below). 

We also recognize the recent trend in DInSAR-based grounding-line studies toward automated 

machine learning methods, the use of multiple sensors and/or broader spatial coverage, and 

integration with modeling, particularly in The Cryosphere. However, our high-temporal-resolution 

observations of the glacier flexure zone, which explain the short-term drivers of grounding-line 

migration and suggest the mechanisms of its long-term retreat due to ice deterioration around 

pinning points, are also of interest to the cryospheric community. In particular, our integrates 

multiple data types, presents high-spatiotemporal-resolution observations of glaciological 

processes from a SAR platform, offers insights about glaciological application of DInSAR 

methodology and its steady flow assumption with respect to SAR viewing geometry, and has 

implications for glaciers well beyond our study site. 

In addition, we considered machine learning methods for automated flexure-zone delineation 

introduced by Mohajerani et al. (2021). However, this approach has limitations and can be 

problematic in areas with non-standard fringe patterns, such as pinning points, particularly in high-

noise areas that are close to decorrelation (e.g., Fig. 9 in Ramanath et al., 2025). Therefore, we 

opted for a manual delineation approach to accurately document the emergence of a pinning point 

on the eastern margin of Milne Glacier. 

We also note that many recently published grounding-line studies, including those cited above (Li 

et al., 2023; Ramanath et al., 2025; Picton et al., 2023; Chien et al., 2026; Ross et al., 2024; Wild 

et al., 2025) focus on Antarctica and/or Greenland. Our work contributes to improved 

representation of Arctic glaciers outside of Greenland, that are relatively understudied. These 

glaciers may serve as analogues for the future evolution of marine-terminating glaciers in 

Greenland and Antarctica, given their rapid retreat and disintegration, as discussed in our 

Introduction. 

Regarding the comment that our terminology was at times “imprecise or incorrect,” we attribute 

this primarily to inconsistencies in terminology across the literature (i.e., discrepancies between 

the oceanographic grounding zone and DInSAR grounding zone as detailed in our responses to 

terminology-related comments from both reviewers), rather than to insufficient engagement with 

studies published in The Cryosphere. We have revised the terminology throughout the manuscript 

to address these concerns and to clarify our usage. 

The additional analyses addressing the major comments, together with the revisions to the 

manuscript text addressing the minor comments, have substantially strengthened the paper and 

enhanced its relevance to the broad readership of The Cryosphere. 

 

Major comments: 

 

1) The bending effect introducing spurious signals in the tidal-flexure zone 
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Figure R1: (left) from Wild et al., 2018, (right) from Rack et al., 2017. Red illustrates 

compression, blue horizontal extension. Arrows indicate magnitude and direction of geometric 

displacement around a neutral-layer. 

 

The interpretation of individual DInSAR observations warrants more careful consideration of the 

vertical structure of tidal flexure. These measurements are inherently limited to the ice surface, 

whereas flexural deformation occurs about a neutral layer located approximately midway through 

the ice thickness (as illustrated in Fig. R1). In that schematic, the upper part of the beam moves to 

the left (red) while the lower part moves to the right (blue), highlighting that the ice deforms in 

opposite directions above and below the neutral layer. Vice versa for low tide as also illustrated. 

As a result, the surface experiences a harmonic back-and-forth motion during 

the tidal cycle, which can generate an apparent, spurious grounding-line migration on the order of 

one local ice thickness (Rack et al., 2017), which is within the y-range of the scatter presented in 

Fig. 9a. 

 

This effect is further complicated in two dimensions by grounding-line sinuosity (Wild et al., 

2018), which modifies the surface flexure pattern relative to a simple one-dimensional beam (it’s 

dampened within embayments, and propelled around protrusions of the grounding line). In 

principle, this “bending effect” can be quantified and subtracted using a simple elastic model (with 

the temporal mean grounding line position, an ice thickness map and the DSSH). The tidal-flexure 

slopes in both the x and y directions are then combined with assumptions about the distance to the 

neutral layer. The corresponding x and y components of the bending effect can then be rotated into 

the radar line-of-sight using straightforward trigonometric relationships. 

 
 

Given the importance of this effect for grounding-line interpretation, the manuscript would benefit 

from a more explicit treatment of how surface flexure, the position of the neutral layer, and two-

dimensional grounding-line geometry influence the inferred grounding-line signal. 
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In particular, I am concerned that the delineation of the tidal-flexure zone may be partly biased. 

Support for this interpretation is provided by the observation that DInSAR-derived displacements 

acquired at higher incidence angles show improved correlation during the unstable regime (Fig. 

8a/b and L319–321). As the radar incidence angle increases, the sensor becomes more sensitive to 

horizontal surface motion and its temporal variability, which amplifies the contribution of 

geometric surface deformation associated with flexure, compared to a lower incidence angle. 

 

This also has implications for the authors’ conclusion that “a larger grounding-zone width 

promotes increased ice flow” (L443-445). Thicker ice is expected to exhibit a more pronounced 

bending effect than thinner ice, and the associated geometric surface motion should be greatest at 

the grounding line itself, where curvature is most pronounced. This could, at least in part, create 

or exaggerate the appearance of a wider grounding zone independent of dynamic ice flow. 

 

For this reason, the multi-incidence-angle DInSAR dataset presented in the manuscript offers a 

valuable opportunity. The differing sensitivity of the observations to horizontal versus vertical 

motion provides a promising, and untapped, means of constraining the depth of the neutral layer 

beneath the ice surface. Such an analysis would also represent a significant contribution to ongoing 

glaciological efforts to infer basal melt rates from phase-sensitive radar measurements in the tidal-

flexure zone (Vaňková et al., 2020). 

 

Thank you for suggesting an analysis of the effect of bending on DInSAR-derived surface 

displacement. We have implemented the elastic model described by Rack et al. (2017), using 

known thickness values along the three transects. An example of horizontal surface displacement 

along the central transect, associated with the highest and lowest tides during the observation 

period, is shown in Fig. 1AR. 

 
Figure 1AR: Horizontal surface displacements assuming an ice thickness of 210 m (i.e., the 

mean thickness of the grounding zone along the central transect) and an elastic Young’s modulus 

of 1.5 GPa for (a) the highest tide of 0.50 m and (b) the lowest tide of −0.44 m during the 

observation period. 

 

Using this simple elastic model, we assessed the contribution from differences in ice stretching or 

compression caused by tides at the times of SAR data acquisition. We then quantified these 
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contributions for all orbits (“MeanLOSbend error” in Fig. 2AR). As expected, the most 

pronounced contribution from horizontal displacement due to velocity variability and bending was 

associated with orbit 09 (high incidence angle, descending pass). We added information about the 

associated errors, represented as ± distance to the delineated hinge lines/flexure zones, and revised 

the corresponding text in the manuscript accordingly. 

 
 

Figure 2AR (updated Fig. 8 from the initial manuscript): DInSAR-derived displacements versus 

DSSH with respect to glacier velocity regime periods and SAR orbits. 

 

2) Unraveling (here called reconstruction) of DInSAR to single tides 
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The authors correctly note that DInSAR images represent a double difference of three or four 

consecutive SAR acquisitions, each taken at different phases of the tidal cycle and therefore 

containing contributions from multiple tidal constituents as well as atmospheric effects. 

Consequently, a direct comparison between tide models and DInSAR observations requires either 

that the same SAR differencing procedure be applied to the modeled tides (as in Fig. 4), or that the 

DInSAR signal be decomposed into individual tidal components (as attempted in Fig. 6). 

 

The authors pursue the latter approach by fitting a single harmonic with a prescribed angular 

frequency corresponding to one dominant tidal constituent, both with and without the inclusion of 

the inverse barometer effect (IBE). While the fit does improve when the IBE is included (Fig. 6), 

this improvement is expected and has been demonstrated in numerous previous work (e.g., Rignot 

et al., 2000; Padman et al., 2003; Wild et al., 2022). Importantly, the remaining root-mean-square 

error (~13 cm; Fig. 6b/c) remains large relative to the total displacement range of approximately -

40 to +60 cm in the corresponding double-difference interferograms (Fig. 5a). In my view, this 

relative magnitude of residual error limits the physical interpretability of the harmonic 

decomposition using a single sinusoid. I would also like to draw the author’s attention to (Minchew 

et al., 2017), who underscore the importance of using all sinusoids for the 

unraveling/reconstruction (with former knowledge of their phase from GNSS). 

 

In previous work, we developed and applied an alternative approach for unraveling DInSAR to 

single tides for Darwin Glacier (Wild et al., 2019) and subsequently for Priestley Glacier (Wild et 

al., 2025), both published in The Cryosphere. This method uses the mean tide-deflection ratio (the 

so-called alpha map first introduced by Han and Lee, 2015) to separate DInSAR observations into 

individual tidal components, reducing the residual RMSE to a level comparable to interferometric 

noise (on the order of 1 cm for Sentinel-1). Based on the flexure curves shown in Fig. 5, the Milne 

Glacier dataset appears well suited for this type of analysis, and its application here could 

substantially strengthen the study and its glaciological scope. In this context, relying solely on a 

single-harmonic fit, despite recognizing the importance of IBE forcing, seems a missed 

opportunity to fully exploit the dataset. I would be very willing to discuss or advise on such an 

analysis if helpful, while recognizing that this would extend beyond the minimum expectations for 

a reviewer. 

 

Two additional benefits of the alpha-map approach are worth noting. First, it naturally averages 

over the bending effect associated with the position of the neutral layer, because DInSAR 

observations sample all phases of the tidal cycle (as illustrated in Fig. 5). Second, it mitigates the 

influence of viscoelastic effects, which appear to be present in several flexure curves along the 

West and Central transects, through temporal averaging (discussed further below), so it avoids the 

implementation of a numerical model. 

 

Our manuscript focuses on the “standard” DInSAR method and its assessment with respect to 

horizontal displacement components caused by variable velocity and bending effects (added in the 

revised version of the manuscript). Therefore, we consider the alpha-map approach to be outside 

the scope of this manuscript. 

However, based on the feedback above,  we improved our initial least-squares fitting approach by 

including all tidal constituents (i.e., 59) computed using the T_TIDE algorithm (Pawlowicz et al., 

2002). The coefficients for each harmonic component were estimated using a regularized least-
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squares approach. To minimize the effect of horizontal displacement in our DInSAR results, the 

reconstruction was performed only for the stable season. 

As a result, the remaining RMSE decreased from ~13 cm to ~5 cm (Fig. 3AR, lower panels), which 

is a substantial improvement. Moreover, given that T_TIDE shows a correlation of 0.96 and an 

RMSE of 3.4 cm with our in situ tidal observations (details provided in the corresponding comment 

below), the remaining RMSE of ~5 cm in our reconstruction analysis is reasonable. 

 

 
Figure 3AR (updated Fig. 6 from the initial manuscript): Preliminary figure of reconstructed ice 

surface height. 

 

3) Tidal forcing and flexure-zone width 

 

I would appreciate further clarification regarding the physical basis for the reported relationship 

between flexure-zone width and the magnitude of the tidal forcing. From my understanding, for 

a given tidal forcing, the width of the flexure zone should primarily depend on ice stiffness, which 

is itself governed by ice thickness and the effective Young’s modulus (Fig. R2). Under this 

framework, the magnitude of the tidal forcing should affect displacement amplitudes, but not the 

spatial extent of the flexural response. Similar for ice viscosity, which affects the timing and shape 

of the flexure, but not its horizontal extent. 
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Fig. R2: from Wild et al., 2017. Both panels show that for a given tidal forcing (here -0.6 m) and 

ice thickness, the flexure-zone width is only dependent on the Young’s Modulus. Ice viscosity 

affects the shape and timing of the flexural wave. 

 

For this reason, I am concerned about the interpretation presented in Fig. 9b, as well as the 

conclusions drawn from it, may not be physically well founded. In addition, it is unclear whether 

the linear relationships shown are statistically significant. While some structure is visible in the 

scatterplot, this pattern may alternatively reflect temporal aliasing in the SAR-data acquisitions, 

potentially related to tidal phase or inverse barometer effects at the time of SAR-data collection. 

 

To explore this possibility, it would be helpful if the authors could reproduce the classification 

used in Fig. 2a (i.e., the different triangle symbols) in Fig. 6a and explicitly assess whether 

systematic biases arise from the timing of the SAR-data acquisitions relative to tidal forcing and 

IBE. Such an analysis would help to clarify whether the observed relationship reflects a physical 

signal or an acquisition-related artifact. 

 

We agree that the width of the flexure zone depends on ice stiffness, which is governed by ice 

thickness and the effective Young’s modulus, in turn defined by tensile and compressive stresses. 

We also think that glacier geometry (i.e., slope steepness and/or direction, i.e., retrograde or 

prograde, and the presence of pinning points) affects the distribution of tensile and compressive 

stresses in the flexure zone, as well as its resulting width under varying tides, which is likely 

nonlinear. Our aim was not to fit a linear function but to demonstrate the presence of an appreciable 

trend with a moderate correlation (~ 0.4). 

 

We added the requested figure (Fig. 4AR) showing SAR data acquisition times to assess potential 

temporal aliasing. Additionally, we show the association between DInSAR surface displacement 

and flexure zone width (Fig. 5AR) for different orbits. We find no obvious evidence of temporal 
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aliasing due to timing. We removed Figure 9 to avoid potential misinterpretation regarding linear 

fitting, added a table summarizing the flexure zone span across the transects, and revised our 

discussion to take the suggested comments into account. 

 
Figure 4AR: SAR data acquisition times with respect to sea surface heights during the 2023-

2024 stable season. 

 
 

Figure 5AR: Association between DInSAR surface displacement and flexure zone width. Orbit 

09 is shown with diamonds, orbit 43 with circles, orbit 58 with squares, and orbit 103 with 

triangles. 

 

4) Tidal forcing and grounding-zone width 

 

Furthermore, the manuscript presents a similar analysis relating tidal forcing to grounding-zone 

width (referred to as the “Distance to HL” in Fig. 9a). This type of correlation implicitly assumes 

that tidal flexure responds instantaneously to the forcing, i.e., that the ice behaves purely 

elastically. However, at tidal frequencies, glacier ice is well known to exhibit viscoelastic behavior 

(e.g., Reeh et al., 2003; Wild et al., 2017). Under such conditions, a time lag between the tidal 

forcing and the flexural response is expected. Importantly, this delay is not constant but is 
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anticipated to increase nonlinearly from the freely floating portion of the ice shelf toward the 

grounding (hinge) line. 

 

This viscoelastic response provides a plausible alternative explanation for the observed negative 

correlations. Time delays on the order of tens of minutes to several hours have been reported in 

similar settings and should be carefully accounted for when interpreting correlations between tidal 

forcing and grounding-zone metrics. In this context, applying a simple linear fit across all 

observations may not be physically appropriate. 

 

A useful first step toward quantifying this time delay would be to correlate the available GNSS 

observations acquired within the tidal-flexure zone with an independent tide model representative 

of the freely floating ice shelf. For example, the Gr1kmTM model by Howard and Padman (2021) 

could be used for this purpose. Introducing an artificial time lag and identifying the lag that 

maximizes correlation between the modeled tides and the GNSS data, following an approach 

similar to that described by Wild et al., 2025, would help to assess the magnitude and spatial 

variability of the viscoelastic response. Such an analysis could substantially strengthen the physical 

interpretation of the results presented in Fig. 9a. 

 

Similarly to the correlation discussed above (Fig. 5AR), we do not aim to fit a linear function but 

only to demonstrate the presence of a trend and a moderate correlation. In addition, our analysis 

of SSH with respect to DInSAR results, divided into two groups (i.e., “notch present” and “no 

notch”) confirms that the grounding line migrates farther inland (i.e., when a “notch” is present 

and, thus, the distance to the hinge line is shorter) under high SSH. 

 

We also note that our simulated tides are representative of a freely floating ice shelf based on 

pressure records from an RBR Duet datalogger moored in a lateral bay. Furthermore, the T_TIDE 

simulated tides showed better agreement with in situ observations than the Gr1kmTM model 

(details are provided in our response to the corresponding question below). 

 

To quantify the time delay between the simulated tides and the ice flexure response, we calculated 

the correlation between the simulated tides and GNSS records using different time shifts (Fig. 

6AR). The maximum correlation achieved is about 0.2 with a time shift of 15 minutes (Fig. 6AR 

c). This low correlation is influenced by the limited GNSS observations and their own oscillations 

(Fig. 6AR b). Since our GNSS records were collected for only three hours, they unfortunately did 

not capture a full tidal period, preventing reliable quantification of the correlation and the time 

shift. Therefore, we prefer to remove Figure 9 to avoid potential misinterpretation, add a table with 

“Distance to hinge line” values (similar to Table 2), and retain our discussion of how pinning 

points affect flexure zone width and grounding line inland migration across the glacier, taking into 

account the suggested perspective of viscoelastic response. 
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Figure 6AR: Correlation analysis between SSH and GNSS records in the flexure zone: a) Time 

series of SSH and GNSS-derived surface heights; b) Zoom-in on the October records to 

demonstrate oscillations in the GNSS data; c) Correlation between SSH and GNSS (running 

mean) with respect to time shift. 

Minor comments: 

 

L14: Reword from “Changes at the boundary” to “Changes of the boundary” as the grounding line 

location generally serves as a proxy for stability considerations in numerical models. 

 

We revised the sentence as follows: 

“Observing and quantifying changes in the boundary where marine-terminating glaciers transition 

from grounded to floating ice, known as the grounding line, is critical for advancing our 

understanding of glacier stability.” 

 

While we agree that grounding-line position is particularly important for numerical modeling, we 

also intend to convey that not only positional changes are relevant, but also variations in glacier 

velocity and water intrusions behind pinning points (discussed in this manuscript), which can, in 

turn, lead to changes in the grounding-line position. 

 

L15: Terminology. Reword here and throughout from “ice-flexure zone” to “tidal-flexure zone” 

 

Thank you. We have revised the terminology and replaced “ice‑flexure zone” with “tidal‑flexure 

zone,” since “tidal flexure” or “flexure” are more commonly used in combination with “zone” in 
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the literature. While terms such as “ice flexure” or “tidal ice flexure” are also used, they generally 

appear without “zone” (e.g., Brunt et al., 2010; Freer et al., 2023; Wallis et al., 2024). 

 

L19: Terminology. Reword here and throughout from “Double Difference Interferometric SAR 

(DDInSAR)” to “Differential Interferometric SAR (DInSAR)”. The word interferometric implies 

a (phase) difference between SAR images, the differential implies that two interferograms are 

being differenced. I know that DDInSAR can be found in the literature, but DInSAR is the modern 

terminology and the community strives to get rid of DDInSAR.  

 

Thank you for the detailed clarifications. Yes, both versions of this term can be found in the 

literature. We have revised the terminology to adopt “DInSAR”. 

 

L23/24: Terminology. Reword here and throughout from “stable/unstable regime” to 

“steady/unsteady period”. Stability of a glacier system is carefully defined in the ice-dynamics 

modeling community and we shouldn’t use the term for other processes than MISI or MICI. Here, 

even if Milne Glacier experiences MISI, the analysis is concerned with the assumption of steady 

flow in DInSAR processing. In line with this, also reword “changes in glacier velocity were 

minimal” to “glacier flow was steady” and “more variable” to “unsteady”. I also wonder if a single 

observation of an unsteady period warrants the classification as a “regime” or “phase”. I suggest 

rewording these terms to “period”. 

 

We have revised the terminology to adopt “steady/unsteady period.” However, we prefer to retain 

our original wording, for “changes in glacier velocity were minimal,” rather than the suggested 

“glacier flow was steady,” which would result in: 

“The lowest error (<0.1 cm in the SAR line-of-sight) occurred during the ‘steady period’, when 

glacier flow was steady, with ascending RCM tracks at incidence angles below 30º.” 

We consider this formulation redundant and potentially misleading, as “steady glacier flow” may 

imply steady-state conditions in the glaciological sense, i.e., equivalence between ice mass input 

and output and also used by the modeling community (e.g., Sergienko, 2022), which is not the 

intended meaning in our case. 

 

L32: Please replace the citation of the IPCC with original research in a discipline-specific journal 

like The Cryosphere. 

 

The sentence and the citation were revised as follows: 

“Rising atmospheric and oceanic temperatures can cause these glaciers to accelerate, leading to 

increased sea level rise and discharge of icebergs or ice islands into adjacent waters (Morlighem 

et al., 2019; Wood et al., 2021; Carnahan et al., 2022; Holmes et al., 2025).” 

 

L38: Change “migrating with tides” to “migrating with tides over short time scales (Freer et al., 

2023)” 

 

The sentence was revised as follows: 

“The grounding line exhibits dynamic behaviour, migrating with tides over short time scales (Freer 

et al., 2023) and advancing or retreating in response to changes in glacier dynamics over the long 

term (Milillo et al., 2022; Chartrand et al., 2024).” 
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L41: Change “DDInSAR” here and throughout to “DInSAR”. This means that “DSSH” can later 

be more intuitively compared to “DInSAR”. 

 

The term and its abbreviation have been updated throughout the manuscript. 

 

L43: “4 days” please compare to other often used SAR satellites like Sentinel-1, TerraSAR-X, 

COSMO, etc. Is this a dedicated mission, if so, please add this piece of information. 

 

We revised the sentence and added additional information to compare RCM with other operational 

missions explored in the literature: 

 

“The satellite-based Differential Interferometric Synthetic Aperture Radar (DInSAR) method has 

been proven to be highly effective for accurate monitoring of grounding-line migration, providing 

high temporal (1-6 days) and spatial (1 m to a few metres) resolution imagery, along with 

consistent multi-temporal coverage over large areas ranging from tens to several hundreds of 

kilometers (Rignot et al., 2011; Milillo et al., 2017). Among the currently operational SAR 

missions explored for DInSAR grounding-line applications, the RADARSAT Constellation 

Mission (RCM, C-band) has a 4-day acquisition cycle (Antropova et al., 2024; Gadi et al., 2025). 

This is comparable to COSMO-SkyMed (X-band) allowing 1 to 4 day revisits (Milillo et al., 2022; 

Rignot et al., 2024), and shorter than Sentinel-1 (C-band) with 6 to 12 day revisits (shorter with 

the A+B or A+C constellations) (Ramanath et al., 2025; Wild et al., 2025), TerraSAR-X (X-band) 

providing 11-day revisit (shorter with TanDEM-X) (Wild et al., 2018; Wild et al., 2025), and 

ALOS PALSAR (L-band) with 46-day revisit (Rignot et al., 2011). The relatively short revisit 

time of RCM enables high phase coherence, while its C-band wavelength provides sensitivity to 

small vertical displacements, allowing reliable DInSAR measurements for grounding-line 

monitoring.” 

 

L43: Kim et al. 2024 use a terrestrial radar system, while the present study is about a space-borne 

system. Please clarify the difference or replace this reference with other DInSAR based studies of 

which there are many other relevant ones. 

 

Thank you. Yes, this terrestrial radar-based DInSAR study was cited in the context of sub-daily 

acquisitions. We decided to focus on satellite-based SAR missions only and revised the text 

accordingly (as stated in our response above); the citation “Kim et al., 2024” was removed. 

 

L46: Define “Hydrostatic line” here, as it is used later in the paper but I can’t remember to have 

seen its definition. 

 

The sentence was revised as follows: 

 

“The DInSAR method detects the ice flexure zone (FZ), where the glacier surface flexes with tides. 

This zone, also referred to as the grounding zone in some studies (e.g., Fricker et al., 2009; Freer 

et al., 2023), spans from the inland limit of tidal flexure (i.e., the hinge line) past the grounding 

line to the seaward limit of flexure (i.e., hydrostatic equilibrium line), where hydrostatic 

equilibrium is reached and ice tongue becomes completely buoyant.” 
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L50: Terminology. Reword here and throughout “FZ span” to “tidal-flexure zone”, and “GZ span” 

to “grounding zone” and refer to their width. 

 

We replaced the abbreviations FZ and GZ with their full terms, although abbreviations seem to be 

acceptable in The Cryosphere (e.g., use of ‘GL’ for grounding line by Le Meur et al., 2014). We 

note that the “tidal-flexure zone” is equivalent to the “flexure zone” in the context of this 

manuscript, as defined in the text and consistent with recent studies. 

We acknowledge that “grounding zone width” is more commonly used in the literature; however, 

some argue that this terminology can be misleading, since the distance is measured along the 

glacier flow rather than across it. We believe that terms such as along glacier “extent” or “span” 

could be more precise. Nevertheless, we adopt the term “width” for both the tidal-flexure zone and 

the grounding zone, to remain consistent with its frequent usage in the literature. We also note that 

“FZ span” is equivalent to FZ width measured along the glacier from a DInSAR result, while GZ 

width is calculated based on all available DInSAR results. 

 

L55: Causes of complexity. The most relevant citations for the present study are Rack et al., 2017 

and Wild et al., 2018. 

 

Thank you, we added these citations: 

“Recent DInSAR-based studies highlighted the complexity of grounding line migration with tidal 

cycles and explored the causes of this complexity, including glacier geometry, underlying bed 

type, subglacial hydrology, and sea water intrusions (e.g., Mohajerani et al., 2021; Ciracì et al., 

2023, Rignot et al., 2024; Kim et al., 2024), as well as the contributions of compressional and 

tensional strain components induced by ice-surface bending to the DInSAR signal (Rack et al., 

2017; Wild et al., 2018).” 

 

L65: What “model datasets” ? It sets up the expectation of the reader to see some form of tidal-

flexure modeling. Coming back to this after reading the paper, I think this is only GEM, right ? I 

think to warrant the “model datasets” here requires to perform the analysis at least with and without 

the GEM-derived IBE, in comparison with the GNSS analysis. 

 

We revised the following sentences in the Introduction section to better clarify our datasets: 

“Our study explores intra-annual changes in the Milne Glacier FZ based on a combination of RCM 

DInSAR-derived results, in-situ and simulated datasets, and a numerical weather prediction model 

output.” 

“Examine the relationship between DInSAR-derived ice-surface vertical displacement and 

displacement of sea surface height (DSSH), computed from simulated tides and modeled 

atmospheric pressure outputs together with in situ atmospheric pressure records.” 

 

L67: Perfect location to add a statement about the quantification of the steady-flow assumption 

during times when it is clearly violated. I believe this should be the real focus of the manuscript. 

 

Thank you, we refined this objective in the Introduction section as follows: 
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“We further assess this correlation across the four SAR orbits with respect to the compressional 

and tensional strains caused by ice-surface bending in the FZ during two velocity periods: 

 a) a steady period, when the in situ-measured Milne Glacier velocity did not change 

appreciably during winter and the DInSAR assumption of invariant velocities was met; and 

  b) an unsteady period, when velocity changes were evident, the glacier decelerated after a 

velocity peak in summer, and the DInSAR assumption of invariant velocities was violated.” 

 

L78: Add information about the tidal range and tidal regime. Is it a diurnal or semi-diurnal tide ? 

How long is the spring-neap-spring tidal cycle ? The introduction of the epishelf lake is of course 

interesting, but the space should be used for more relevant information to the paper, such as what 

is known about Milne Glacier’s velocity variability, and how it motivates a hypothesis (I suggest 

to use the known velocity variability as a motivation to analyse how different viewing geometries 

are affected by horizontal flow variability). 

 

We revised the “Study Site” section, removing some details about the epishelf lake formation and 

adding information related to tidal processes: 

 

“The intact floating ice tongue, located deep within Milne Fiord, is protected from the impact of 

sea ice drifts originating from the northeast by down-fjord ice features and by Cape Egerton to the 

east (Mortimer et al., 2012). The floating ice tongue experiences moderate stresses due to tidal 

bending. Milne Fiord is characterized by a semi-diurnal tidal regime with a relatively small tidal 

range, spanning from –20 cm to 21 cm over the observation period of this study, and a 14.8-day 

spring-neap-spring cycle. However, atmospheric pressure also plays an important role in 

modulating sea surface height in the fjord (Wunsch & Stammer, 1997; Padman et al., 2003), further 

affecting the displacement of the ice tongue and increasing the stresses it experiences. 

The grounded part of the glacier just above the ice tongue exhibited notable velocity fluctuations 

over the past decades. Ice velocity decreased from ~190 m yr−1 to ~100 m yr−1 between the 1990s 

and 2005 (Millan et al., 2017), increased to 120 - 140 m yr−1 in 2010, slowed down again to 80 - 

100 m yr−1 from 2011 to 2015, and then accelerated to 140 - 160 m yr−1 between 2016 and 2020 

(Van Wychen et al., 2020).” 

 

L106: How many km upstream is the mentioned prograde bed slope ? How many years of average 

grounding-line retreat will it take to be reached ? 

 

We added the suggested details as follows: 

 

“This positive feedback loop may be underway currently and is expected to persist until the 

grounding line reaches a prograde bed slope roughly 1 km upglacier, which, based on the glacier’s 

average retreat rate from 2011 to 2023, could occur in about 11 years. Reaching this slope will 

help stabilize the glacier and inhibit further recession of its grounding line.” 

 

L108: Data and methods. Please add sub-section titles such as “Differential InSAR processing”, 

“In-situ data”, “Tide modeling”, “Uncertainty analysis”, “Grounding-zone width modeling”, etc… 

 

We distinguished the following preliminary subsections and revised their order based on our 

analysis: 
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2.2.1 Processing of SAR data 

2.2.2 Analysis of tides 

2.2.3 Analysis of velocity and ice surface bending components in the SAR signal from four RCM 

orbits 

2.2.4 Reconstruction of ice surface heights time series 

2.2.5 Analysis of flexure and grounding zones parameters 

 

L111: A 10m spatial resolution is stated in the abstract, here 5m native resolution and the table 

shows about 2.5m raw pixel size. I know how these are affected by multi-looking and the 

topographic correction, so please describe these processing steps in more detail and state the 

chosen variables, which is also a great motivation to acquire a higher-resolution DEM to not lose 

any information in RCM. 

 

We provided additional details on the RCM SAR products and our choice of spatial resolution for 

the final DInSAR results:  

 

“We used RCM single look complex (SLC) images with HH polarization, acquired in ‘High 

Resolution 5m Mode’ (MDA, 2021) from different orbits during 2023–2024 (Table 1). This mode 

has a nominal resolution (i.e., theoretical resolution, which is based on radar system parameters) 

of 5 m and a swath width of 30 km. The native SLC pixel spacing is 1.4–2.8 m in the range direction 

and 2.4–2.8 m in the azimuth direction (Table 1).” 

“Interferograms were computed for each pair of RCM data acquisitions with a 4-day interval. 

During processing, we applied 3 × 3 multilooking to reduce speckle, improve the signal-to-noise 

ratio and interferometric coherence, and reduce file sizes to facilitate phase unwrapping. After 

multilooking, the effective ground pixel spacing was approximately 9–10 m. Topographic phase 

removal and terrain correction were performed using the 10 m ArcticDEM (Porter et al., 2023). 

The minimum-cost flow phase unwrapping algorithm described by Costantini (1998) was used for 

the interferogram unwrapping. During the initial unwrapping, the processing software 

automatically selected an arbitrary stable reference area. Then, double difference results were 

calculated at 10 m resolution (i.e., the final spatial resolution of DInSAR images used for flexure 

zone delineations) for interferogram pairs and the corresponding unwrapped results represented 

by three consecutive data acquisitions (over 8 days) or four data acquisitions (over ≥12 days) if 

there was a gap between data acquisitions.”. 

 

RCM modes descriptions by MDA, (2021) can be found at: 

https://download-telecharger.services.geo.ca/pub/csa_asc/Space-technology_Technologie-

spatiale/radarsat_constellation_mission_plan/RCM-SP-52-9092_Product_Spec_1-15_Public.pdf 

 

L115: What seems to me the most important information is that orbit 9 has twice as large incidence 

angle as the other orbits. This should be better visible in the table and the description of the RCM 

data, which sets the paper up nicely for developing the unsteady-flow quantification or even the 

bending-effect hypotheses outlined in the major comments. 

 

We highlighted this information in the table by adding the following footnote: 

 
“2 The incidence angle of orbit 9 is 1.4–2 times greater than that of orbits 43, 58, and 103.” 
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Also, the following information was added to “2.2.3 Analysis of velocity and ice surface bending 

components in the SAR signal from four RCM orbits” section: 

 

“Inputs from unsteady velocity between SAR data acquisitions and ice surface bending 

contributions to the SAR signal were examined among four RCM orbits. The orbits were 

characterized by varying incidence angles used for line-of-sight error calculations (Table 1.1): 

three of the orbits had similar angles of 20.3°, 21.5°, and 27.5° for orbits 43, 53, and 103, 

respectively, while orbit 09 had a much higher incidence angle of 39.5°”. 

 

L121: reword to “effect of steady glacier flow”. 

 

We added “steady” to the sentence: 

 

“This method reveals the surface displacement of the floating ice tongue along the SAR line-of-

sight, by removing the effect of steady glacier flow, through differencing two consecutive 

interferograms, under the assumption that the glacier velocity remains constant between SAR 

acquisitions.” 

 

L122: hydrostatic equilibrium line is not defined yet. Terminology. Also, please avoid confusion 

with the abbreviation of hinge line. Commonly HL denotes the hydrostatic line, and hinge line is 

spelled out. 

 

The hydrostatic equilibrium line is now defined in the Introduction (as per the comment above). 

The “hinge line” term is spelled out in the manuscript text and represented by the “HL” notation 

only in Fig. 9a, which was removed. 

 

L123: Terminology. Reword to “landward and seaward limits of the tidal-flexure pattern”. The 

boundaries normally refer to already delineated GL and HL. Also, reword “glacier flexure” to 

“tidal flexure”. I understand that the main contributor to “glacier flexure” here is the IBE, but the 

geophysical process is commonly called tidal flexure, and the IBE is one contributor (aside ocean 

tides and tidal loading on the Earth’s crust, which is neglected here, right ?). 

 

We revised the sentence as follows: 

“The hinge line and the hydrostatic equilibrium line are then manually delineated by examining 

the landward and seaward limits of the fringe pattern in the DInSAR results representing the 

flexure zone.” 

We replaced “glacier flexure” with “flexure zone.” We consider the term “flexure zone,” equivalent 

to “tidal-flexure zone,” to be appropriate, as it is defined in the Introduction and is widely accepted 

in the literature. Indeed, we believe that the use of “flexure zone” is more intuitive, as it allows 

encompassing multiple driving factors (e.g., atmospheric pressure, ice thickness and stiffness, 

glacier geometry, and the presence of pinning points that can redistribute stresses and shape the 

flexure zone), rather than referring solely to tidal forcing. 

We also added the clarification about ocean tide load in “2.2.2 Analysis of tides”’ section: 
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“Simulated tide heights were corrected for the inverse barometer effect (IBE) (Wunsch & 

Stammer, 1997; Padman et al., 2003), while ocean tide loading on the Earth's crust was neglected, 

as it has a relatively minor impact (Wild et al., 2025).” 

 

L126: To better distinguish between DInSAR images (the double-difference result) and times of 

single tide snapshots, please reword here and throughout to “three or four consecutive SAR data 

acquisitions” or “SAR scenes” to underline the snapshot character of the SAR data.  

 

We replaced the corresponding entries with “SAR data acquisitions.” 

 

L129/130: First and only mention of phase-loss in lateral margins. Please add how ice-flow 

rotation leads to loss of coherence required for interferometry. Also, please read Wild et al., 2025 

how weakening of ice properties in these zones affect stiffness and thus the flexural response of 

the entire glacier. This signal provides an exciting avenue for further research on bulk ice stiffness 

and buttressing. This section also lacks information of phase unwrapping and the coordinate used 

as a reference, which is also not shown in the figures. 

 

The suggested information was added to the text as follows: 

 

“The western and eastern flexure-zone boundaries were often affected by noise. These noisy areas, 

with a loss of interferometric coherence, typically occurs due to strong velocity gradients, shear, 

ice deformation, and rotation as glacier velocities decrease from the centre toward the lateral 

margins as a result of lateral drag (Forster et al., 1999; Mannerfelt et al., 2025). These processes 

contribute to ice weakening and a reduction in stiffness (e.g., a fivefold reduction in Young’s 

modulus reported by Wild et al., 2025) in the lateral shear margins. This interpretation is supported 

by our in situ observations and high-resolution imagery demonstrating extensive crevassing in this 

zone, particularly along the western margin, where a tributary glacier further enhances these 

processes. The resulting loss of coherence in the flexure-zone’s western and eastern boundaries 

prevented their reliable delineation and the use of the entire area of the FZ flexure zone for our 

analysis.” 

 

We added the following information about phase unwrapping: 

 

“The interferogram unwrapping was performed using the minimum-cost flow phase unwrapping 

algorithm described by Costantini (1998). During the initial unwrapping, the processing software 

automatically selected an arbitrary stable reference area.” 

 

L142: How were phase discontinuities corrected ? Only along the transects ? This and the mention 

of division by cosine of the incidence angle to get displacement should be moved to a dedicated 

DInSAR processing subsection in the methods. 

 

Yes, the phase discontinuities were corrected along the transects with known bed geometry. We 

added clarifying details to the text and moved it to the DInSAR processing description section: 

 

“The final calibration of the SAR line-of-sight displacement was conducted along the three 

transects (Fig. 1) using an automated script. Values were divided by the cosine of the incidence 
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angle, additionally calibrated to the mean grounded ice surface value for orbit 9, and then corrected 

for phase jumps exceeding 2 cm (i.e., more conservative than half of the RCM C-band 

wavelength).” 

 

L154: The correct references for the importance of atmospheric pressure are Rignot et al., 2000 

and Padman et al., 2003. 

 

Thank you. We have replaced the citation with these two earlier studies. 

 

L156: t-tide analysis. Please quantify how accurately the t-tide prediction replicates the input data, 

and how well it fits to an independent tidal model (such as Gr1kmTM). How do these uncertainties 

affect the results ? Is there a time delay between modeled tides and GNSS displacement ? 

 

Our T_TIDE simulations were conducted based on ‘a 10-month in situ pressure record from an 

RBR Duet datalogger moored at ~10 m depth in a lateral bay off the west side of Milne Fiord 

(Antropova et al., 2024)’, rather than on GNSS ice surface displacement data measured on a freely 

floating ice tongue. The manuscript text was revised to explain this directly, rather than referring 

to Antropova et al. (2024). In this study, GNSS records were primarily used to investigate 

displacement due to ice flow in the grounding zone, where the ice was not freely floating; therefore, 

these records were not suitable for tidal simulations. We computed the requested statistics using 

our pressure-record observations and consider that the question of a time delay is not relevant to 

our dataset.  

The comparison of detrended 2016-2017 in situ pressure-based tide records with tides computed 

using T_TIDE and Gr1kmTM (Fig. 7AR) shows correlation of 0.83 vs. 0.73 and RMSE values of 

4.7 cm vs. 5.9 cm, for T_TIDE vs. Gr1kmTM, respectively. Therefore, T_TIDE is more accurate 

than Gr1kmTM as it shows better agreement with the observed tides than Gr1kmTM. 

 

 
Figure 7AR: In-situ pressure-based tide records and simulated tides using T-tide algorithm and 

Gr1kmTM model. 

 

We also added to the manuscript a comparison of an independent tide data sample (i.e., not used 

as an input for the tide simulations) collected in July 2023 against the simulated tides, with GEM-
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based IBE included, to the Appendix. Based on this comparison, which represents the observed 

conditions better than the detrending approach above and falls within our observation period, the 

correlation was 0.96 vs. 0.93 and the RMSE was 3.4 cm vs. 4.6 cm for the T_TIDE- and Gr1kmTM 

-based outputs, respectively. Thus, T_TIDE demonstrated better agreement with the observed tides 

than GR1kmTM. 

The following text was added to the manuscript: 

 

“The SSH computed using T_TIDE showed a higher correlation (0.96 vs. 0.93) and lower RMSE 

(3.4 cm vs. 4.6 cm) than the independent tidal model GR1kmTM (Howard and Padman, 2021) 

when compared with repeated in situ tidal observations collected in July 2023” (Fig. 8AR). 

  

The following figure was added to the Appendix: 

 
Figure 8AR: Observed tide records measured in situ in July 2023 (black) and computed sea surface 

heights (SSH) using the T-tide algorithm and the Gr1kmTM model, with IBE added (red and blue, 

respectively). The correlation between the observed and computed SSH based on the T_TIDE and 

Gr1kmTM is 0.96 vs. 0.93 and the RMSE is 3.4 cm vs. 4.6 cm, respectively. 

 

L157: Reword “corrected” to “added to” the IBE, since atmospheric pressure variations are a 

contributor to the tidal forcing (sum of ocean tides, load tides, and the IBE). Also, please add the 

conversion factor, was it 1cm drop for every positive anomaly of 1hPa ? Were pressure anomalies 

calculated over the entire time span, or over shorter chunks ? 

 

The corresponding sentences were revised as follows: 

 

“Simulated tide heights were corrected by adding the inverse barometer effect (IBE) (Wunsch & 

Stammer, 1997; Padman et al., 2003), while ocean tide loading on the Earth's crust was neglected, 

as it has a relatively minor impact (Wild et al., 2025). We used the atmospheric pressure data 

recorded by our in situ weather stations (Fig. 2 c) to calculate the IBE over the entire observation 

period, assuming that a 1 hPa increase (decrease) in atmospheric pressure results in a 1 cm drop 

(rise) in sea level (Wunsch & Stammer, 1997; Padman et al., 2003). This correction was then added 

to the simulated tides to compute the sea surface height (SSH).” 
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L160: What’s the temporal resolution of GEM ? Fig. 2c indicates it is lower resolution than the 

AWS data. Was the AWS pressure record low-pass filtered to a common cutoff frequency before 

any gaps were filled to account for any differences in temporal resolution ? 

 

The temporal resolution of GEM is 1 hour, whereas the temporal resolution of AWS is 30 minutes. 

We added information about time intervals to the corresponding section. Our tidal time series were 

simulated at a 1-minute interval in order to better match the acquisition times of the SAR data. The 

pressure records from AWS and GEM were used to calculate the IBE values, which were then 

linearly interpolated to a 1-minute interval and added to the tidal time series. The following 

clarifications were added to the manuscript: 

 

“This correction was linearly interpolated to a 1-minite interval and then added to the simulated 

tides to compute the sea surface height (SSH).” 

 

We also note that a gap in the AWS records occurred between July 9 and July 21, 2023, during 

which no coherent DInSAR results were available for our analysis, and after July 22, 2024, when 

only one SAR triplet was acquired in September. Therefore, the GEM-based correction 

corresponds to only one DInSAR result in our analysis.  

 

L162: Please quantify “good agreement” between GEM and AWS data. For a direct comparison, 

the AWS records will need to be low-pass filtered with the cutoff frequency of GEM before any 

correlations and RMSE can be calculated. 

 

The following information was added to the manuscript: 

“In particular, the correlation between the GEM and in situ atmospheric pressure records used for 

IBE calculations was 0.96, with the RMSE of 3.6 hPa.” 

 

L163: Reword “DDInSAR result” to “DInSAR image” and also change to “SAR data acquisition” 

or “SAR scenes”. 

 

“SAR acquisition(s)” entries were replaced with “SAR data acquisition,” as stated above. 

 

L164: Reword “DDInSAR subtraction”, which implies a triple difference to “DInSAR 

combinations”, which I think is not meant here. 

 

“DDInSAR” entries were replaced with “DInSAR,” as stated above. 

 

L165: Where along each profile is DInSAR-derived surface height taken ? Normally a “freely-

floating area” is averaged over, but this reads as if the far left side of each profile was taken ? To 

minimize the effect of interferogram noise, I suggest averaging over everything larger than 47 km 

distance, or even better any DInSAR displacement beyond the delineated hydrostatic lines. 

 

Yes, the DInSAR-derived surface heights was calculated as the mean values. We added the 

following clarifying information to the manuscript: 
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“We assessed the relationship between DSSH and DInSAR-derived surface height displacement 

of the freely floating ice tongue (i.e., mean values calculated from 44 km downfjord along the 

three transects in Fig. 1) based on the correlation coefficient, the root mean squared error (RMSE), 

and bias.” 

 

L171: DInSAR images contain information about the net sum of all tidal constituents (plus IBE 

and tidal loading) so fitting with a single constituent is physically invalid. Please refer to the 

methodology presented by Minchew et al., 2016 how to deal with apriori information on each 

sinusoid before the inversion, or employ an alpha map based approach for the unraveling to single 

tides. 

 

We improved our initial least-squares fitting approach by including all tidal constituents (i.e., 59) 

computed using the T_TIDE algorithm and IBE. The coefficients of the harmonic components 

were computed using a regularized least-squares approach. Our results (Fig. RA3) above 

demonstrate RMSE of ~5 cm. Given that T_TIDE shows the correlation of 0.96 and the RMSE of 

3.4 cm with our in situ tidal observations, the obtained RMSE of ~5 cm in our reconstruction 

analysis is reasonable. 

 

L172: Please reword here and throughout from “SAR acquisitions” to “SAR data acquisitions” or 

“SAR scenes”. 

 

“SAR acquisition(s)” entries were replaced with “SAR data acquisition,” as stated above. 

 

L174-176: “We used SSH…” I do not follow this sentence, please rephrase and say what 

hypothesis is investigated and how it is done. 

 

L174-176 were revised as follows: 

 

“To explore the origin of the newly developed notch along the eastern margin, we tested the 

hypothesis that it appears in DInSAR images associated with SAR acquisitions during periods of 

high SSH, suggesting that seawater intrudes farther inland and results in ice ungrounding around 

a pinning point. We calculated the minimum and maximum SSH values, as well as the standard 

deviation, for each DInSAR result associated with three or four SAR data acquisitions. These 

values were then divided into two groups corresponding to: (1) DInSAR results without the notch 

and (2) DInSAR results with the newly developed notch present, to test whether SSH differs 

significantly between the groups.” 

 

L176: Reword “grounding-line delineations” with “tidal flexure zone delineations”. 

 

This sentence was revised as per the comment above, and the term “grounding-line delineations” 

was removed. 

 

L180: Terminology: Reword “SAR observations” to “SAR data acquisitions” or “SAR scenes”. 

The word observation normally refers to processed DInSAR images. 

 

“SAR observations” was replaced with “SAR data acquisitions”. 
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L183: Do the three hour GNSS acquisition period introduce a tidal bias in the derived mean daily 

velocity ?Is the error of 1.5 cm considered in the uncertainty analysis ? 

 

The GNSS device was installed in the flexure zone; therefore, GNSS measurements (daily mean 

values for the stabilized GNSS position between 18:00 and 19:00 UTC) were also affected by tidal 

bending. SAR data for orbits 43, 58, and 103 were acquired approximately 1 hour after the GNSS 

records. Orbit 09 had a much larger timing lag relative to the GNSS observations and therefore 

captured a tidal signal different from that recorded by the GNSS. 

 

SAR data acquisition times (UTC): 

Orbit 43: 19:58:00; 

Orbit 09: 13:19:00; 

Orbit 58: 20:06:00; 

Orbit 103: 20:30:00; 

 

We added information about the timing of GNSS measurements and tidal bending to the 

manuscript. 

We did not explicitly account for an error of 1.5 cm. Velocity was calculated through the change 

in distance relative to the previous GNSS position; assuming a similar positional error for each 

record, the error largely cancels out. 

 

L190: Quantify “agreed well” with an RMSE. Looking at Fig. 2a this is only true for the steady 

periods but the agreement isn’t that good during summer and into the unsteady period. 

 

We note that SAR velocities were computed to support our GNSS-based velocities during the 

period of missing records, which corresponds to the period of good agreement. The following 

information was added:  

 

“The missing GNSS records (10.5% of the total records within the analysed periods) at the end of 

the unsteady period and beginning of the steady period in 2024 were linearly interpolated from 

neighbouring observations. The interpolated values agreed within ±1 cm with SAR-derived 

velocities computed to support the missing GNSS records. The Milne Glacier velocity, averaged 

within 3x3 pixel window at the GNSS receiver location (Fig. 1), is shown in Fig. 2a.” 

 

In addition, SAR velocity is affected by speckle noise. While values tend to be more consistent 

and reliable when analyzed and spatially averaged over larger areas, point-based comparison, as 

in our case, is much more complicated due to noise, especially when melt processes affect the SAR 

signal. The figure demonstrates that the agreement is very good during the stable (cold) season. It 

is not surprising that summertime results demonstrate weaker agreement, as SAR data acquisitions 

are much sparser during this period, the SAR signal is affected by melt processes, and, likely, by 

much more pronounced glacier deformation due to ice flow acceleration. 

 

L192: Reword from “effect of velocity” to “effect of velocity variability” 

 

We added the word “variability”. 
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L201: Please label “Purple Valley” in Fig. 1 

 

The label was added. 

 

L204: Reword “DDInSAR observations” to “SAR data acquisition times for four different orbits”. 

 

We made the requested replacement. 

 

L209: Please add the percentage of missing GNSS records of the total period of investigation. 

 

“10.5% of the total records within the analysed periods” as per the comment above. 

 

L211-218: Very nice. It would have been beneficial to also conduct this part of the error analysis 

with the SAR-derived velocity fields and analyze any spatial patterns of the steady flow 

assumption. 

 

We believe that our approach, based on in situ GNSS measurements, is of interest to the broader 

community of The Cryosphere. Therefore, we retain the GNSS-based velocities in our analysis 

and consider a detailed analysis using SAR-derived velocities to be beyond the scope of this 

manuscript. 

 

L236: Do the delineations of grounding-zone width need to be corrected for the “bending effect” 

to be comparable to the theoretical width determined by Tsai and Gudmundsson ? In other words, 

is this a model for neutral layer displacement ? 

 

We infer that Tsai & Gudmundsson (2015) assumed negligible bending stresses for “sufficiently 

long” ice shelves. Likewise, Chen et al. (2023) and Mohajerani et al. (2021) neglected bending 

stresses, although they compared their DInSAR-derived results with the theoretical width 

predicted by Tsai & Gudmundsson (2015). 

We added the following statements to better clarify that bending stresses were not considered here: 

 

“This equation was derived by Tsai and Gudmundsson (2015) based on prograde bed geometry 

and was later applied to both retrograde and prograde bed geometries, assuming negligible bending 

stresses at the ice surface (e.g., Chen et al., 2023).” 

 

Fig. 10 caption was revised as follows: 

 

“The calculated width of the grounding zone (displayed in text) is about 22 to 74 times smaller 

than the DInSAR-derived grounding zone, which does not include correction for the bending effect 

(shown with red dashed lines).” 

 

L240: reword “RCM images” to “SAR-data acquisitions" or “SAR scenes”. 

 

We replaced “RCM images” with “RCM SAR scenes” here.  
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L245: This is not surprising, given that ice stiffness controls the width of the tidal-flexure zone. 

 

This sentence was removed, as this part is covered in detail in the Discussion section 

 

L254: Reword “during the last part of our intensive observation period” to “ towards the end of 

the observation period”. 

 

The “toward the end of the observation period” replacement was done. 

 

L263: Reword “atmospheric pressure” to “IBE” or “atmospheric pressure variability”, which is 

what is causing this signal. 

 

The “atmospheric pressure” was replaced with “IBE”. 

 

L267-269: “These correlations…” move to Discussion. 

  

These sentences have been moved to the Discussion section. 

 

L269-272: I think that one must add that the result of a double difference can have a larger absolute 

value than any of the individual values. So a 2.3 fold increase is essentially a measure of the non-

linearity of the investigated process (a tiny change at the times of the SAR-data acquisitions will 

result in a much larger value in the DInSAR combination). So adding the IBE, which is known to 

dominate in areas with small tidal range, will greatly improve any correlation with DInSAR 

measurements on the freely-floating part. Therefore, I think that it is useful to report on how the 

IBE improves the correlation at Milne Glacier, but it shouldn’t be a main finding with a dedicated 

Figure in the main text. I suggest moving Fig.4 to the Appendix or SI, and cut back on the 

interpretation in the main text. 

 

Thank you. We retained only panels for correlation between SSH and DInSAR displacement in 

the manuscript and moved the other panels to the Appendix. We also revised the manuscript to 

tone down the discussion of IBE. 

 

L272: Great that correlations improved after the IBE, but the RMSE is still huge when compared 

to the signal, about 15 cm of 50 cm DSSH. Please refer to the “tide-deflection ratio” approach 

outlined above on how to further minimize the RMSE to be within interferogram noise (<1cm). 

 

Thank you for your suggestion. However, our study aims to explore the “standard” DInSAR 

method and its assumption of steady flow velocity. Therefore, we consider reporting these results 

to be a necessary step in our analysis. As reported above, the correlation between the observed and 

computed SSH based on T_TIDE was 0.96, and the RMSE was 3.4 cm. We also note that our 

RMSE is comparable to values reported in recent studies using the same method (e.g., inferred 

from Fig. 2c in Chen et al., 2023, and Fig. 3b in Rignot et al., 2024). Therefore, we consider our 

RMSE values to be reasonable for the method used in this study. 

In addition, we emphasize that our GNSS records do not provide reliable information on ice surface 

displacement for the freely floating ice tongue, and thus we do not have the opportunity to use 

them for validation of the tidal predictions as done by Wild et al. (2019). We prefer to retain our 
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“standard” DInSAR approach and consider the “tide-deflection ratio” approach to be outside the 

scope of the current manuscript. However, we would be happy to share our interferograms and 

other available processed datasets with interested members of the glaciological community for 

further exploration of these processes using the “tide-deflection ratio” and other approaches. 

 

L301: I don’t quite agree with this interpretation (which also needs to be moved to the Discussion). 

The width of the flexure zone is independent of DSSH and only determined by ice stiffness. Also, 

the higher the DSSH, the more pronounced the spurious surface movement by the bending effect 

and thus the grounding-zone width. 

 

We agree that ice stiffness controls the width of the flexure zone; however, pinning points can 

influence stress distribution, flow variability, and the apparent stiffness of the glacier system.  

We moved the revised clarifications in the Discussion section: 

 

“Previous studies have shown that the presence of pinning points affects lateral and basal shear 

stresses, producing upstream compression and downstream tension, which in turn influence flow 

variability and the apparent stiffness of the system (Robel et al., 2017; Still & Hulbe, 2021). 

Moreover, both observed pinning points are located within a lateral shear zone, which is associated 

with reduced ice stiffness (Wild et al., 2025). These processes may have contributed to the 

grounding-line retreat behind the pinning points and to the observed shape of the flexure zone.” 

 

L304-309: Nice quantification of the steady-flow assumption, which is the strength of the paper. 

 

Thank you. 

 

L314/315: Is this surprising ? Rather start this paragraph with why one would want to look at 

individual orbits and say that different incidence angles are more or less sensitive to horizontal 

flow variability. 

 

No, it is not. We added the following sentence for a smoother transition: 

 

“The sensitivity of DInSAR results to vertical and horizontal motion components depends on the 

incidence angle and look geometry (e.g., Rocca et al., 2010, Hu et al., 2014). Therefore, our results 

were analysed by orbit (Fig. 8).” 

 

L320: The different sensitivity of different orbits is interesting and additional evidence that the 

bending effect is at play. This signal should ideally be explored for a more glaciological research 

question. 

 

We added the additional analysis of contributions due to bending to our analysis (Fig. 2AR). 

 

L330: Is this a typo ? Orbit 43 here should be orbit 09, right ? 

 

Thank you; this was a typo and has been corrected to orbit 09. 
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L331: Replace “different viewing geometry” to “higher sensitivity to horizontal displacement and 

variability thereof.” 

 

We revised the sentence as follows: 

“Nevertheless, orbit 09 demonstrated higher correlation between DInSAR-derived displacements 

and DSSH for unsteady than steady period, which we attribute to its higher sensitivity to horizontal 

displacement and, consequently to velocity variability as well as ice extension and compression 

due to tidal bending.” 

 

L333-346: I think this paragraph is speculative and the argumentation is invalid for the reasons 

outlined above and should therefore be removed. At a minimum, it should be moved from the 

results section to the Discussion section. The part talking about grounding-zone width (here 

distance between HL and point A) requires a dedicated investigation of the tidal forcing at the 

times of SAR data acquisition, which are here presented in their DInSAR combinations. 

Similar to the width of the tidal-flexure zone (here Flexure zone span) and differential tidal 

displacement, where a linear regression over all the data seems physically unmotivated. The trends 

look statistically insignificant. I think this also presents either biases during the times of SAR-data 

acquisition or a temporal signal (which then can be linked to the emergence of new pinning points). 

 

As per our response to the major comments, Figure 9 was removed, and information about flexure 

zone width and distance to the hinge line is now presented in a table. Our discussion was revised 

with respect to ice thickness, stiffness, viscoelastic response to tidal flexure, and emerging pinning 

points. 

 

L351-367: This reads all like Discussion and should be moved out of the results section. 

 

This section was revised. The manuscript text reporting values for the grounding zone width, the 

calculated theoretical grounding zone width, and the locations of bed rises along the transects was 

retained here. This text presents our results based on Fig. 10 and, therefore, we believe it should 

remain close to the figure. Text providing interpretations was moved to the Discussion. 

 

L355: Wait, I thought the observations are not aligned with the theory by Tsai and Gudmundsson 

? What did I miss ? 

 

We never claimed that the observations are inconsistent with Tsai’s theory regarding the idea that 

the widest grounding zone occurs over the shallowest bed slope, and the steepest bed slope 

corresponds to the narrowest grounding zone (i.e., the expected direction of the relationship). The 

only discrepancy between the theory and the observations lies in the magnitude of the observed 

versus predicted values. We added the following clarifications: 

 

“This pattern is aligned with the theory (Tsai & Gudmundsson, 2015) and literature (e.g., Rignot 

et al., 2024) in term s of the expected direction of the relationship.” 

 

L374: Here we switch from m/d to m/yr. Please choose one unit throughout the manuscript (text 

and figures) so velocities can be easier compared between satellite and GNSS. 
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Thank you for the suggestion, but we prefer to use the m yr⁻¹ notation in this section because it 

facilitates comparison with previous studies cited in the Study site description as well as 

comparison with grounding‑zone and flexure‑zone widths observed during the SAR data 

acquisition period. As clarified above, the daily velocities shown in Fig. 2 were used solely to 

support our daily GNSS observations. 

We added the following clarifying sentence:  

 

“To provide context for the observed grounding-zone and flexure-zone widths with respect to 

changes in glacier velocities, and to allow direct comparison with previously reported annual 

velocities (Millan et al., 2017; Van Wychen et al., 2020), we present velocities in annual notation 

in Fig. 11.” 

 

L377: A 2.7 fold increase between flexure-zone and grounded glacier speeds. This is more than 

the temporal acceleration observed in the GNSS data (eye-balled from Fig. 2a about 2.1 fold). 

Taken together, these observations indicate temporal variability of longitudinal strain rates. Was 

this signal investigated with respect to the emergence of new pinning points and short-term 

variability in buttressing strength? This provides another exciting avenue for this manuscript as 

spatial patterns could also be investigated with the data at hand. 

 

We do not think so, as the GNSS data show a similar acceleration: the highest velocity peak was 

1.09 m d⁻¹, while the steady-season velocity was about 0.4 m d⁻¹, corresponding to the same ~2.7-

fold increase. Based on our GNSS records from 2019, 2024, and 2025, acceleration to 1.0 – 1.2 m 

d⁻¹ is typical of the July velocity peak. 

 

L386: Typo. “Fig. 11a” should be “Fig. 11c”, right ? Also, the claim about larger ice discharge in 

the west requires calculation using the ice thicknesses shown in Fig. 10 and surface velocities.  

 

Yes, thank you, the typo was corrected. 

The following calculations were added to support the statement: 

 

“The widest grounding zone along the western transect of the glacier was associated with the 

highest velocity of 166.4 m yr−1, averaged over a year and across the observed grounding zone 

width (Fig. 11 c), and the thickest ice (mean value of 225.6 m, Fig. 10 d).  This section discharged 

approximately 37 540 m3 yr−1 of ice along a 1 m-wide flow line. The narrower and thinner 

grounding zones along the eastern and central transects, with mean thicknesses of 210.0 m and 

200.5 m (Fig. 10 b, c), were associated with slower average velocities of 144.6 m yr−1 and 159.8 

m yr−1 (Fig. 11 a, b), discharged approximately 30 366 m3 yr−1 and 32 040 m3 yr−1, respectively.” 

 

L.387: Typo. “Fig. 11 b,c” should be “Fig. a,b”, right ?  

 

Yes, thank you, the typo was corrected. 

 

Discussion: I found this section underwhelming as it’s largely a summary of the presented results, 

without a clear evaluation of a glaciological hypothesis. I provided a few different avenues above 

and hope that depending on the target journal, this section will be reworked with either a remote-

sensing focus or glaciological focus. 
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We revised the Discussion section, in particular, added discussion of the suggested bending effect 

to provide more detail on the remote-sensing aspects of the explored glaciological processes. 

 

L400: Reword to “atmospheric pressure variability” 

 

“Variability” was added to the phrase “atmospheric pressure.” 

 

L410: Reword “pinning points drastically affected” to “pinning points control” 

 

The suggested replacement was done. 

 

L421: I suggest starting this paragraph with how DInSAR assumes steady flow to isolate the 

differential vertical component commonly referred to as a fringe pattern delineating the tidal-

flexure zone. Then state how the present study quantifies this assumption with available GNSS 

data. The difference for different orbits then depends on the sensitivity to horizontal flow 

variability, which should be investigated with the available SAR-derived velocity fields. 

 

Thank you, this part was revised as follows: 

 

“This study is based on a commonly used DInSAR approach, which assumes steady glacier flow 

between SAR data acquisitions so that it can be isolated through interferogram differencing to 

reveal the vertical component of displacement due to tidal flexure. We examine the validity of this 

assumption by quantifying the SAR line-of-sight error caused by velocity variability using 

available in situ GNSS records. We also assess SAR line-of-sight errors resulting from ice 

stretching and compression associated with tidal bending. Furthermore, analysis of these results 

with respect to four RCM orbits with different incidence angles, and both ascending and 

descending passes - thus different sensitivities to horizontal flow variability - provides insights 

about the robustness of DInSAR flexure-zone delineations.” 

 

L429: Typo. “39.6 deg” is “39.5 deg” in Tab. 1 

 

Thank you, the typo was corrected. 

 

L431: Replace "viewing geometry” to “sensitivity to horizontal flow variability” 

 

The suggested replacement was done. 

 

L435: Regarding the loss of coherence. Did you try to mask only ice-covered areas when matching 

slcs (the step before calculating interferograms). ? I found that this often greatly increases 

coherence compared to offset fitting the entire scene. 

 

We did not apply masking of only ice-covered areas during SLC matching. Our interferograms 

have very short temporal baselines (a few days), and overall coherence across the scenes is 

generally high. The main areas of coherence loss correspond to zones of very rapid ice 

motion/deformation, where phase decorrelation occurs due to physical displacement between 
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acquisitions. In such cases, the loss of coherence is primarily driven by glacier dynamics and 

cannot be significantly improved through alternative coregistration strategies such as masking 

during offset estimation. 

 

L437: Why are more in-situ velocity observations required ? I understood that the beginning of 

this paragraph that even though the velocity variability is large, the spurious signal in DInSAR 

issmall compared to the tidal forcing. I would have appreciated a statement how well only using 

SAR-derived velocity fields from speckle tracking can be used for estimating the spatial patterns 

of the steady flow assumption. 

 

Thank you. We revised the sentence (please see below) to highlight the importance of using SAR-

derived 3D/2D velocity fields. However, as mentioned above, we would like to retain our in situ 

GNSS analysis and consider the suggested only SAR-derived velocity analysis outside the scope 

of the current manuscript. 

 

“With the increasing number of SAR observations, larger SAR datasets can be used to compute 3 

D velocities (e.g., Samsonov et al., 2021), which when supported by reliable in situ tidal 

observations, will help to further investigate and quantify how the flexure-zone delineation is 

affected by the SAR viewing geometry with respect to changes in glacier velocity and bending.” 

 

L443: I think this is the bending effect, it’s just more pronounced if the background flow is 

elevated. Another motivation for using the 2D velocity fields for a detailed analysis. 

 

We agree that 2D or 3D velocity fields can provide additional information that may be useful for 

a more detailed analysis in the future. However, the precision of SAR offset tracking is typically 

on the order of about 1/10–1/20 of the pixel size. For our data, with a pixel spacing of ~2.5 m, this 

corresponds to approximately 0.1–0.25 m, which is about an order of magnitude lower than the 

precision achievable with InSAR. 

 

L450: This sentence is quite speculative as the observations only show that the grounding line has 

retreated and acceleration is non-linear, but not that it's a runaway effect (which would require a 

numerical model of viscous ice-dynamics). 

 

We revised the sentence as follows: 

 

“This study documented glacier acceleration, which was preceded by grounding-line retreat, 

suggesting that this glacier, currently resting on a retrograde slope, is prone to marine ice-sheet 

instability.” 

 

L494: I want to encourage the authors to perform the suggested further investigation of viewing 

geometry. 

 

The suggested bending analysis has been added to the manuscript. 

 

Data availability: 
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I understand that raw data are often subject to license agreements and can therefore not be 

published, but how about the processed InSAR and DInSAR images ? I want to encourage the 

authors to provide them (together with the datetimes of the corresponding SAR scenes) to the 

scientific community. 

 

We revised the text as follows to better clarify the data availability: 

 

“The authors do not have permission to share raw RCM data, but it can be accessed by registering 

a vetted user account (https://www.asc-csa.gc.ca/eng/satellites/radarsat/access-to-data/about.asp). 

InSAR results, as well as other field, simulated, and modeled data used in this study, are available 

upon request. The IceBridge airborne radar data (IceBridge MCoRDS L2 Ice Thickness, Version 

1 [IRMCR2_20140401_03], https://doi.org/10.5067/GDQ0CUCVTE2Q) are freely available at 

https://nsidc.org/data/irmcr2/versions/1.” 

 

Where is the IceBridge data available. Please provide a link and DOI. 

 

We added details as per the comment above. This information is also included in the 

Acknowledgements and References sections. 

 

The modern standard is to provide field-data sets to the scientific community through an online 

provider (PANGEA, USAP-DC, NSIDC, etc) about 2 years after they’ve been acquired. And not 

by request to the corresponding author. 

 

Thank you for your suggestion. As of now we will be happy to share our datasets by request to 

provide additional clarifications. In the future, we will consider preparing our datasets for 

publishing online.  

 

References: 

Unify the formatting. Schoof, 2007 seems missing. 

 

Thank you, Schoof (2007) was added to the list. We revised the formatting of references. 

 

Figures 

 

Figure 1: 

I suggest adding two panels with the mean velocity fields over the steady and unsteady periods. 

Or the steady one, with the second showing the spatial variability of percentage acceleration during 

the unsteady phase. Also, add the extent of panel b to panel a. And the location of GNSS and the 

phase unwrapping point to panel b. Two arrows with flight direction and azimuth of the different 

orbits might also be useful to estimate the sensitivity to horizontal flow variability. 

 

Thank you for the suggestions. We prefer not to include SAR-derived velocity fields, as our error 

analysis of DInSAR results is interpreted with respect to in situ GNSS observations. The extent of 

panel b has been added to panel a. We also added GNSS locations throughout the year to panel b; 

these locations were already present on panel a. Details about the SAR viewing geometry (i.e., 

pass, incidence angle, and track angle represented as azimuth clockwise from True North) are 
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presented in Table 1; therefore, we prefer not to repeat them here to avoid overcrowding of the 

introductory figure. 

 

Figure 2: 

Panel (a): What is going on with the SAR-derived velocity spike in 2024-01-02 ? It seems to 

overlap with an increase in air temperature - is this a real signal ? 

 

We believe this is likely a real signal because: 1) it coincided with the air temperature rise, as you 

mentioned; 2) the spike was observed at other nearby locations (i.e., 3×3 pixel windows) and also 

associated with acceleration in Fig.11; 3) our second GNSS, located ~15 km up-glacier from the 

grounding zone, also recorded a small jump at this time (i.e., circled in Fig. 9AR below). 

Unfortunately, our GNSS located in the grounding zone stopped recording at this time, and we do 

not have any other solid confirmations; therefore, we prefer to avoid speculating about this signal 

in the manuscript. 

 
Fig. 9AR: SAR-derived velocity (green) and GNSS-derived velocity in the grounding zone 

(black), and ~15 km up glacier(blue) of the grounding zone. 

 

Panel (c): Please change the pressure unit from “kPa” to hPa”, which is the standard practical unit  

 

We have changed the units on the plot. 

 

Figure 3: 

Panel (d): Please add a unit to the colorbar or in the caption. I think these are radians. It looks like 

there is a nice freely-floating area towards the end of the profiles, so please average the DInSAR 

displacement over some distance before the comparison to DSSH.  

 

Yes, thank you, these are radians, which are dimensionless. We changed the label to “-𝜋, 𝜋”. 

The reported DInSAR displacement values were averaged over the freely floating part of the 

transects. 

 

Figure 4:  

Move out of main text.  

 

We retain panels d-f as we consider these results to be essential part of our analysis. Panels a-c 

were moved to the Appendix. 
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Figure 5:  

Correcting the flexure curves for the “bending effect” would eliminate the spurious grounding-line 

migration within one local ice thickness (about plus/minus 300 m). Also, some flexure curves show 

distinct bumps upstream of the grounding line, which are indicative of viscoelasticity or grounding 

line migration between the SAR-data acquisitions. Why are the different shapes of the flexure 

curves not being discussed with respect to the timing (or tide, IBE) at the times of their underlying 

SAR scenes ?  

 

We added the suggested discussion to the manuscript. We also added information about the mean 

vertical and horizontal errors due to bending to the figure caption, but we prefer to retain the 

DInSAR-derived displacement results here. 

 

Figure 6:  

Again, the main take-away is that including the IBE improves the correlation but the large RMSE 

are kept. Does this Figure need to be shown in the main text ? 

Panel (a): cyan label: Reword to “Reconstructed SSH (tide-based only)” and black label to 

“Reconstructed SSH (tides plus IBE)” 

Panels (b-e): Are unraveled (or single-tide) or DInSAR combination results plotted against each 

other ? I think it should be single tides, so the x-values would correspond to the red curve in panel 

a ? Is the x-label incorrect ?  

Please swap the order of panel b/c and d/e, to match the description in L173 and logic of Fig.4  

 

We removed panels related to the tide-based only analysis and change the primary focus of the 

figure to reconstruction analysis rather then the IBE. The updated figure is based on Fig. RA3 

above. 

The x-label is correct, these are differential displacements at SAR data acquisition times based on 

the reconstructed time series vs. DinSAR-derived displacements. 

Panels d/e were removed. 

 

Figure 7: 

Is this separating parts of Fig. 4 d/e into steady/unsteady periods as defined by GNSS data as colors 

? Another strength of the presented analysis, and I think the whole story about including the IBE 

to improve the statistics can easily be moved here by including two additional panels and moving 

Figs. 4 and 6 to the Appendix/SI.  

 

Yes, it is. We prefer to move this figure, which generalizes results for all orbits, to the Appendix 

and keep Figure 8 in the main text to better demonstrate horizontal errors due to velocity variability 

and bending across the orbits. 

 

Figure 8: 

I don’t think this figure adds to the storyline and can be summarized when presenting Fig. 7 in the 

main text. It should therefore also be moved to the Appendix/SI. 

 

We prefer to retain this figure and remove Figure 7 instead, as explained in our response regarding 

Figure 7. 

 



35 

 

Figure 9: 

For the reasons outlined above, temporarily integrating the data points by fitting a linear regression 

isn’t physically motivated in the manuscript's current form. I think the panel (a) shows a signal 

that can be further explored, but since it doesn’t add to the story Fig. 9 should therefore be removed 

from the manuscript. 

We know from Schmeltz et al., 2002, and others that it’s non-linear. 

 

We removed this figure from the manuscript. Information about the flexure zone width and the 

distance to the hinge line is presented in table form instead. 

 

Figure 10: 

I was a bit confused if flexure zones or grounding zones are displayed in panel a and b-d ? I think 

it’s grounding zone limits, please clarify. 

 

“a)” is an example of flexure zone, b)-d) are grounding zones over observation period. We replaced 

a flexure zone in panel (a) with DInsAR-derived grounding zone to improve the figure clarity. 

 

Figure 11: 

Add “Hofmöller diagrams” at the start of the caption. Unify the labels to either m/d or m/yr. Also, 

add the location of the GNSS to one of the transects (consider a colored scatter with the same 

colormap, or its difference to the SAR-derived velocities through time). Interestingly, the 

acceleration in Jan/Feb 2024 occurs through the tidal-flexure zone. Was the signal investigated ?  

 

We added “Hovmöller diagram of…” to the caption and the location of GNSS to the central 

transect. 

The question about acceleration was answered above: this signal coincided with temperature rise 

and we think it is a real signal, but we have no other reliable confirmations. 
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