Reviewer 1

Dear reviewer,

Thank you for agreeing to review this manuscript and taking the time to provide
general/specific/grammar/typo comments. Your comments certainly helped improve the manuscript
and we hope our specific responses adequately address the comments/concerns. Detailed responses
for each comment are below; black font is the original comment, blue text is the direct response to the
comment, and red text is the updated and/or new text added to the manuscript.

Sincerely,

Dakota Pyles and co-authors

In this manuscript, Pyles and co-authors present a dataset of frontal ablation at Svalbard's tidewater
glaciers. The dataset is comprehensive and highly resolved, and I expect it to be of great value to the
science community. The manuscript is well written, detailed, and clearly illustrated with high-quality
figures. I commend the authors on an overall enjoyable and insightful read! I have some minor
recommendations and questions that I hope will improve the manuscript:

General comment:

The tone of language is at points -- in particular in the abstract and introduction -- a bit informal/florid
or leans toward editorializing. Examples of this are: "...the manual labor cost inherent to mapping..."
(L14) - manual labor is not strictly speaking inherent to mapping, so I would just simplify this to
"...the manual labor cost of mapping..."; "...from the extensive ITS_LIVE velocity database, ..." (L
15), change to "from the ITS LIVE velocity database, ..."; "unprecedented" (L19, L61) - I would just
remove the word or replace with "high"; "is strongly recommended" (L 40) - reword?; I also
recommend following the general guideline of avoiding the terms "novel" or "new" (the science
should speak for itself, L 12 and 62). I would encourage the authors to go over the full text with this in
mind.

We agree with the critique and have adjusted the example comments to less informal wording, and
removed/updated the other suggested changes.

Specific comments:

L 44: the statement on "decadal timescales" appears in conflict with the L 48 statement on
annual/seasonal resolution by Minowa et al and Fahrner et al - rephrase?

We split the paragraph into two smaller paragraphs, while updating some of the language to show that
both long-term and shorter-term studies exist, both with limitations.



Though recent studies have computed frontal ablation of tidewater glaciers on regional extents
(Kochtitzky et al., 2022b; Temme et al., 2025), the estimates are often calculated on multi-annual or
decadal timescales, leaving a knowledge gap in the temporal evolution, and consequently, the process
understanding of frontal ablation. The coarse temporal resolution is largely due to the demanding
nature of frontal ablation computation. Ice discharge (velocity and thickness), climatic mass balance
(CMB), and frontal area change datasets are required to fully resolve and partition the frontal ablation
components. However, much of the data is difficult to obtain and aggregate on consistent spatio-
temporal scales. Of the most time- and labor-intensive tasks, Kochtitzky et al. (2022b), McNabb et al.
(2015), and Minowa et al. (2021) manually mapped ~4,500, >10,000, and 3,969 calving front
positions, respectively, to estimate mass change at the terminus.

In contrast, several studies have achieved annual or seasonal frontal ablation estimates, each with
different methodological or spatial limitations. While Osmanoglu et al. (2013, 2014) provided annual
frontal ablation analysis for King George Island and Livingston Island in the South Shetland Islands
archipelago, they did not account for mass changes due to variations in the calving fronts. Currently,
McNabb et al. (2015), Minowa et al. (2021), and Fahrner et al. (2025) are the only regional scale
studies that partitioned ice discharge and terminus mass changes at annual or seasonal resolution.
However, each study calculated frontal ablation for a select subset of tidewater glaciers across their
broader study regions; McNabb et al. (2015) considered 27 Alaskan glaciers with large, active calving
fronts and aggregated frontal ablation annually over 1985-2013, Minowa et al. (2021) derived annual
estimates for 38 major glaciers in the Patagonia icefields between 2000-2019, and Fahrner et al.
(2025) delivered a seasonal (3-monthly) frontal ablation dataset for 49 tidewater glaciers on the
Greenland Ice Sheet from 1987-2020.

L 64: Could you clarify why you are not using the Li et al (2024) frontal positions for this study?

We already began working on this work before the study by Li et al. was published. In hindsight, we
could have used the Li frontal positions, but this work was the culmination of a joint project with our
colleagues (Dreier et al., 2025, 2026; explained in the sentence just before the line of this comment)
who have been developing a DL segmentation model for this large-scale frontal ablation application
within the structure/funding of the project.

Fig 2: While this figure is visually striking, I found it a little hard to interpret. I was trying to figure
out which elements were schematic illustrations of the quantities used in the dataset, and which were
artist's rendering/ aesthestic additions. I would urge the authors to simplify this and only include what
is needed to make sense of the dataset/ processing chain.

We were able to get an editable version of the underlying base figure that we adapted from the Catania
et al. (2020) paper, and we made several changes. For context, this figure is not meant to show our
specific processing chain, but rather a schematic of a tidewater glacier, the relevant frontal ablation
processes (subglacial discharge, plumes, ambient melt, calving, etc.) and the main frontal ablation
equation terms at meaningful positions relative to the base figure. This is why the base figure works
well, as it has these processes very nicely visualized and we tried to make our additions as minimally
intrusive as possible in the final adapted figure. The main elements to focus on are the
placement/color of the terms in Equation 1 (which was also provided color-coded above the figure),



while the artist renderings are useful visualizations for the physical processes influencing frontal
ablation.

Many of the adjustments included moving/resizing some of the glacier process annotations, deleting
unnecessary arrows (on the iceberg, extra ambient melt arrows, CMB arrows, etc.), removing many of
the ice cracks that were overlapping with the ice fronts/glacier width brackets, and moving the iceberg
further from the terminus to not overcrowd that area. The figure is less visually cluttered now. We also
updated the figure caption to include each of the equation 1 terms and better describe what is being
shown.
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Figure 1. Frontal ablation schematic adapted from Catania et al. (2020) and annotated with Eq. 1
terms to visualize the relevant mass budget processes at a marine-terminating glacier. Ice discharge
(D) is computed at the fluxgate, the CMB (Bf) is estimated over the glacier domain between W, and
Wy, while the width-averaged frontal displacement rate (L) is averaged between two timesteps of the
terminus position (straight and sinuous blue lines) and S, is the cross-sectional area at the fluxgate.
Frontal ablation is primarily accounted for by calving events and ambient undercutting melt from the
ocean, as well as subglacial discharge and localized meltwater plumes. By the equation’s convention
in Minowa et al. (2021), positive frontal ablation indicates terminus advance and/or ice thickening
within the domain, opposed to frontal retreat and/or thinning for negative values.



L 165: Could you clarify in the main text what the OpenStreetMap is used for?

We added a sentence in second paragraph of Sect. 3.1.3 about what the OpenStreetMap coastline is
used for.

Before updating the termini, initial regional-scale zone labels are produced using the Svalbard
coastline extracted from OpenStreetMap (OpenStreetMap Contributors, 2024); all non-ice area (from
RGI v6) inland of the coastline is defined as land, while all area within a 10 km buffer of the
coastline’s convex hull is defined as ocean.

Fig 3: I found the overall layout of this Figure, with the different insets and zoom-ins somewhat
confusing and was wondering whether it could be laid out slightly differently, or maybe panel a
should be made its own figure?

The second reviewer also had some design suggestions for Figure 3 that we implemented to make the
figure less confusing. Panels were reordered to put the Svalbard zone label map in panel “a” and we
moved the Kronebreen processing to panel “b”. We also included the extent/context box of the
Kronebreen panel “b” in the larger Kongsfjorden panel “c” for easier interpretability. We decided to
keep the former panel “a” in the figure because the former panel “c” heavily relies on it for a
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before/after processing visual comparison, rather than making panel “a” its own figure. We also
reordered/adjusted the figure description, as well as in-text references to the figure’s various panels.

Figure 3. a) Full Svalbard regional extent of the updated ice, ocean, and land zone labels. A red inset
map of the zoomed window in (b) focuses on the Kongsfjorden where Kronebreen (panel c) is
located. b) Spatially contiguous top and bottom subpanels (see land-ocean area within orange box) of
the Kongsfjorden and its four tidewater glaciers, showing zone label accuracy with respect to the
reference optical image. The top panel shows the termini polygons manually delineated by Kochtitzky
et al. (2022b) in 2019, with the Landsat-8 image (July 28, 2019) they used for front mapping plotted
as background. Bottom panel is the resulting zone labels at the terminus after applying the layers and
processing steps in (c¢); compare Kronebreen in panels (¢) and (b) for a before/after example. ¢) An
overview for updating the RGI v6 ice extent at the Kronebreen terminus to the ground truth front
position mapped by Kochtitzky et al. (2022b), which results in updated ocean and land zone labels
around the glacier outlet area. The OpenStreetMap coastline (© OpenStreetMap contributors,
https://www.openstreetmap.org/copyright) provides a reference for maintaining the land-ocean
interface during zone label updates and assists in illustrating the enclosed RGI v6 areas (pink) that
become land/ocean. The workflow is applied to all 147 tidewater glacier basins.

L 261: Is the smoothing of the polygon boundaries necessary beyond an aesthetic improvement?
Would it be worthwhile to also provide the unsmoothed polygons in the dataset?

Beyond an aesthetic design choice, the smoothing of the polygon frontal boundaries produces a
geometry that is more aligned with the shape of the extracted zero contour front lines (described in
Sect. 3.1.5), which were also smoothed with a Savitzky-Golay filter. Therefore, the area of the
polygons should be closely or closer optimized to the geometry of the smoothed, monthly-averaged
calving fronts. We do acknowledge we could have kept all frontal information in raster format,
however for consistency and nicer visualizations we made both the monthly calving fronts and
polygon terminus boundaries with a more natural shape than the pixelated footprint of the
segmentation prediction rasters. When optimizing the polygon smoothing to closely match the calving
front shape, we also took care to pick smoothing thresholds/parameters that best preserved the
polygon area of the rasterized version.

An additional consideration of smoothing the extracted calving fronts was that the “zig-zag” pixelated
footprint of the raster artificially inflates the front length, compared to a more natural frontal
geometry. The front length is important input to the frontal area change and uncertainty equations (i.e
Egs. 2 and 4). As explained above, the polygon boundaries are processed after the smoothed calving
fronts and closely approximate the smoothing of the front lines.

L 340-375: I struggled a little to follow this argument; would it be worth adding a schematic to
illustrate this process, or adjust Fig 7 to help with this?

We rewrote much of this section to be clearer and included a pop-out schematic to illustrate the
process on panel (a) for an orientation point that is equal to 0.

The primary purpose of the orientation point is to define a consistent normal flow direction for each
flux segment. To compute ice discharge through a flux segment, the sampled ice surface velocity is
projected onto the selected segment normal. Because each flux segment has two possible
perpendicular directions, the downstream flow direction is ambiguous. The orientation point resolves



this ambiguity by consistently identifying the downstream side of the fluxgate. For each flux segment,
the local tangent vector (m;,,) is computed as the difference between the segment’s midpoints. The
tangent angle (6;4y) is then calculated from this vector, and two normals (n(+), n(')) are defined:

Mign = My — My (6a)
Otan = atan2 (mtan,yr mtan,x) (6b)
—sinf sinf
N = ( tan)’ ) = ( tan ) (6¢)
c0S0ian —c0S50¢qn

The orientation point defines an orientation vector (V,,;en:) between the orientation point (o) and the
segment midpoint (m,,;4). Depending on the orientation flag, the vector is directed either from the
segment midpoint to the orientation point (orientation = 0) or from the orientation point to the
segment midpoint (orientation = 1):

(my +m;y)
0= (o ¥) Mg = (6a)
Y B {0 — Mmids if orientation =0 (6¢)
ortent = \mypia — 0, if orientation = 1

The candidate normal (n) whose direction is most closely aligned with the orientation vector is then
selected:

argmax
n= n(® (n(i) ’ vorient) 61)

This process ensures a consistent sign convention for ice discharge across all flux segments because
the orientation point is always downstream (orientation = 0) or upstream (orientation = 1) of the
fluxgate’s local tangent vectors.
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Figure 7. Example of the fluxgates, flux points, and orientation point geometry styles. The fluxgate
and orientation point are placed behind the most retreated terminus position. Ice thickness, velocity,
and surface elevation change data are point-sampled at the flux points. Red outlines are the glaciers
RGI boxes. Thickness data are derived from Fiirst et al. (2018a). a) Fjord-style morphology where the
orientation point equals 0 and is placed within the glacier domain, with ice flow towards the point.
Large arrows represent possible flow directions to the fluxgate and small arrows show normal flow
vectors perpendicular to flux segments. The pop-out schematic (within the dashed grey circle)
illustrates an example of the normal orientation selection process, showing the accepted (green check)
and rejected (red x) candidate normal directions for a single flux segment. b) The Kviteyjekulen ice
cap representative of an island-style glacier with morphologically unconstrained flow and an
orientation point value of 1; ice flows away from the orientation point and toward the terminus
(arrows).

L 386: It wasn't quite clear to me here whether you are using the Fuerst et al data or method here -
could you please clarify?

We are using the bedrock topography map for Svalbard from Fiirst et al. (2018a; i.e. the dataset) and
differencing it from the Copernicus GLO-30 DEM to produce an ice thickness map. We also cited the
two papers linked to the methodological development of their ice thickness methods (Fiirst et al.,
2017, 2018b) for additional context. As such, this description clearly states what is being used and
cites the relevant studies:

An ice thickness map (Hre f) is generated for Svalbard by differencing the surface reference

Copernicus GLO-30 Digital Elevation Model (DEM; European Space Agency and Airbus, 2022) from
the ice-free bedrock topography of Svalbard (Fiirst et al., 2017, 2018a, 2018b). Similarly, ice
thickness uncertainties are obtained from the error map provided in Fiirst et al. (2018a).

L 423: How do you handle days without a velocity measurement?



Days without a velocity are not problematic since we just take the mean of available daily velocity
acquisitions per month. The analogous question is, how do we handle given months that don’t have
any daily velocity measurements, which we discuss in the supplementary material (Sect. S2).

L 460: Could you provide a short justification for using this reduced density of ice?

We added a short justification (air bubbles/porosity) within the sentence and from the original
sentence the reference to Cuffey and Paterson (2010) is a commonly cited source for such a reduced
ice density, as well as the sliding coefficient of 0.95.

We assume a bulk ice density (p;c.) of 900 kg m™ to account for the presence of air bubbles and
porosity within glacier ice, and a sliding coefficient (y) of 0.95 (Cuffey and Paterson, 2010) to
account for depth-averaged velocity (), where ¥ = vy.

L 556: Are all the study polygons located in the ablation zone, in which case a negative CMB would
be expected? Could you please comment on this?

The glacier domains are not explicitly defined as ablation zones but extend from the terminus to the
inland fluxgate and therefore predominately sample the lower portions of each glacier. Although some
domains may include accumulation-area ice, the mean monthly climatic mass balance is nevertheless
negative for all 147 glacier domains over the 2015-2024 period.

L 571: The increase in tidewater termini length: might improved data coverage/quality over time
contribute to this increase in the termini length? (Part of my question here is because I thought it a
surprising finding - I would expect shortening of the termini as they retreat more onto land?)

The increase in combined tidewater glacier terminus length from 834 to 900 km over the study period
is expected, albeit maybe counterintuitive, as you pointed out. Many of the glaciers exhibit strong
localized retreat along their termini, often where the velocity is greatest and the ice is least stable and
consequently calving frequently. Particularly for fjord style glaciers, the ice can remain attached to the
fjord walls while the middle of the glacier is rapidly retreating; naturally this produces longer calving
fronts. For a quick screenshot example, see the frontal evolution of these glaciers:



In the left image, the ice remained bounded to a constant position on both sides of the glacier, but

heavily retreats in the center, creating a longer calving front. On the right image, the left end of the
terminus stayed in a relatively constant position, compared to the right end which retreated along the
fjord wall; still, the terminus length increased later in the study period (i.e. darker fronts).

Wording/Typos/Grammar etc:
L 27: "the ice-water-air interface" - these are actually (3) different interfaces; rephrase?
We rephrased this sentence to:

Glaciers terminating in bodies of water lose mass through frontal ablation at the ice-water and ice-air
interfaces.

L 34: "total mass loss" -> "total ice loss" ?

Done.

L 80/89: The two sentences on diverse geometries feel repetitive and could be tightened?

We updated these sentences to be less repetitive, while retaining the motivation for using Svalbard as
the study region. Also, we split the single large paragraph into two separate paragraphs when we begin
to describe Svalbard’s glaciers.

Svalbard’s tidewater glaciers and outlet areas vary in size, shape, flow style, and setting. From the 151
tidewater glaciers distinguished in this study, 53 have a terminus length less than 2 km, 56 are
between 2-5 km, and 42 are greater than 5 km. In total, ~900 km of terminus length was exposed to
frontal ablation in 2024, an increase from ~835 km in 2015. The AF, BE, and KV subregions are
distinguished by large ice cap style glaciers whose termini splay outward to the ocean, while the VF,
NW, NE, and SS regions have more traditional fjord-style glaciers with constrained flow. Several



glaciers are protected by natural land inlets or isles, while most have an unobstructed ocean interface.
In addition, marine-terminating glaciers in Svalbard have historically exhibited surge-type behavior,
particularly on the largest island, Spitsbergen (Btaszczyk et al., 2009; Dowdeswell et al., 1991;
Farnsworth et al., 2016; Jiskoot et al., 1998; Szafraniec, 2020). Given the diverse glacier geometries,
outlet areas, flow types, and observed behavior of Svalbard’s marine-terminating glaciers, the region
is an ideal test site for this frontal ablation pilot study.

L 129/134 and elsewhere: | was a little confused by the use of "inference" vs "prediction"? Are these
terms referring to the same thing? If so, I would just use one of them, if not, maybe the difference
could be clarified?

We understand why this can be confusing, especially as this is not a machine learning paper.
Generally, inference refers to running the trained model on new data to produce outputs and the
prediction is the output produced during inference. However, for simplicity, we opted to remove the
four cases of “inference” in the paper and replaced the word with more accessible options such as: “to

generate segmentation predictions”, “when processing the imagery”, “before generating predictions”,
etc. All occurrences in the manuscript have been fixed.

L 140: It may be worth spelling out "Randolph Glacier Inventory (RGI)" here, not just in the Fig 1
caption?

The other reviewer also had a comment about updating this section and clearly stating the RGI

version being used. We updated the sentence to:

A critical step for processing frontal area changes is defining a consistent sampling geometry for each
Randolph Glacier Inventory version 6 (RGI) basin that contains at least one marine-terminating
glacier.

L 176: reword: "...the segmentation model, which is pre-trained ..." (?)

Done.

L 177: what do you mean by "unseen domain" ?

We updated the sentence to be clearer that Svalbard was the unseen domain (i.e. the model has never
seen SAR images of Svalbard’s tidewater glaciers):

The segmentation model is pre-trained on the CaFFe benchmark dataset, comprised of 681 multi-
mission (radar and optical) images across five glaciers in the Antarctic Peninsula, as well as one each
in Alaska and Greenland (Gourmelon et al., 2022). To improve the performance of the segmentation
model at Svalbard, training data are developed for fine-tuning the model on the unseen Svalbard
domain.

L 234: "consensus" seems maybe the wrong term?



We replaced “consensus” with “mean”.

L 304: "Like the cross-sectional area definition, ..." -> I struggled to make sense of this wording -
could be clarified?

Yes, this was a casual reference to the cross-sectional area that was defined a few sentences earlier. To
make the reference/language more direct we updated the sentence to:

Consistent with the calculation of the cross-sectional area, the uncertainty (asg) is estimated by

summing the discrete ice column area errors for all flux segments across the fluxgate.

L 305: "We assume no uncertainty in the widths ..." -> rephrase: "We assume the uncertainty in the
widths is small ..." (?)

Following the approach of Minowa et al. (2021) assuming uncertainty of the calving front to be within
+100 m and using a mean glacier front length of 5.84 km (defined as the 859 km decadal mean total
front length, divided by the 147 glaciers), the average front width uncertainty may be estimated as
~1.7% (100 m / 5,840 m) of the front width. Compared to the relative frontal area change uncertainty
(mean: 38%; median: 23%), which includes the propagated cross-sectional area and frontal
displacement rate uncertainties (see Eq. 4), the contribution by potential front width uncertainty is
relatively small and therefore we did not account for it.

We reordered the flow of text around this section describing the frontal area change uncertainty and
updated the manuscript as follows:

Consistent with the calculation of the cross-sectional area, the uncertainty (ng) is estimated by
summing the discrete ice column area errors for all flux segments across the fluxgate. The frontal area
change uncertainty (O’A Fron t) is then given by standard error propagation of products, assuming

independent uncertainties:

W, . 2
O-Af‘l"ont = W‘:\/(Lo'sg) + (SgUL)Z (4)

As the fluxgate width is fixed to finite points along the gate (see Sect. 3.2.1), the width of the gate
(W,) has no uncertainty. Likewise, following the approach of Minowa et al. (2021), uncertainty in Wy
has a negligible contribution (1.7%) compared to the other propagated components in Eq. 4 and is
therefore not considered.

Fig 6a: Is the map inset needed here, since you have the same inset in panel b?

We updated Figure 6 to include only one inset map, north arrow, scalebar, etc. We also rearranged and
slightly updated the figure description as such:
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Figure 6. Background for both panels is a Sentinel-2 image obtained on August 2, 2016. a) The 10
manually mapped terminus positions from SAR images at Lillichegkbreen over the evaluation period
in 2016. Arrows indicate a retreat over the year on the left and middle thirds of the glacier and a



frontal advance on the right third. The dashed black line provides a consistent visual reference for
comparing the panels. b) The 10 monthly-averaged ice front model predictions, forming pairs with the
ground truth positions by the corresponding month. The model captures the observed contrasting
retreat/advance pattern during 2016. The width-averaged spatial uncertainty per pair is provided in
meters in the legend. The inset map shows the geographic location of all glaciers included in the
frontal uncertainty analysis, with the map background given by the Bing Satellite ©. Mean pair spatial
uncertainties are annotated in meters on the inset map per testing glacier.

L 487: "m"3 W.E. (Fig. 8)" -> the figure legend gives the total mass in Gt rather than the volume in
"m”3 W.E." - could this be made consistent or clarified?

We updated the figure to also include the volume in m"3 W.E. We initially only included the mass in
Gt because that is the final value that comes from the CMB correction, after converting with the
density of water and adjusting units from kg to Gt.
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L 606: unit of Gt a*-1 (100 km)*-1 - as on L 608

Done.

L 655: remove "heavily" ?

Done.

L 663: reword: "mass loss due to frontal ablation *has* rapidly *increased* since 2000 ..."

Done.

L 696: "both *study* results"



Nice catch, and we agree the original grammar was not correct, but also the given suggestion is not
the best option either; we reworded the sentence to this:

Though AF Basin 3 is the overwhelming contributor to frontal ablation mass loss in Svalbard, results
from both studies, combined with our more recent decadal rate, suggest that the rate of mass loss is
stable since the destabilization in 2012.

L 701: These values should be negative, to be consistent?
These values are correct to be written positive because at the beginning of Sect. 5.1 we wrote:

For consistency, we flip the signs of our frontal ablation rates, as equations were defined with
contrasting sign in the studies.

The only cases where we have negative signs on values in this section is for terminus mass change,
which can be negative (glacier retreat) or positive (glacier advance). The values that your comment is
referencing are frontal ablation values from Kochtitzky et al. (2022b) and this study, both defined as
positive for comparability.

L 734: "...and *its* implications..."
We chose to remove the “implications” part of the sentence and rewrote the sentence as:

We conclude by reflecting on the new methodological framework developed in this study and
outlining recommendations for future studies to improve the process understanding of frontal ablation.



Reviewer 2

Dear Robert McNabb,

Thank you for agreeing to review this manuscript and taking the time to provide
general/specific/grammar/typo comments. Your comments certainly helped improve the manuscript
and we hope our specific responses adequately address the comments/concerns. Detailed responses
for each comment are below; black font is the original comment, blue text is the direct response to the
comment, and red text is the updated and/or new text added to the manuscript.

Sincerely,

Dakota Pyles and co-authors

In this manuscript, the authors have presented a phenomenal dataset of Svalbard frontal ablation,
covering monthly observations over a ten-year period. The dataset itself represents an impressive
combination of different approaches/results into a single coherent dataset, and I have no doubt that it
will prove useful for the glaciological community. I have one "major"/general comment about the
approach and the work, along with a number of line-specific comments.

general comments

I think that at some point, an explanation of how you (or previous studies) selected the glaciers for
this study is needed. You mention at line 142 that you start from the 2019 polygons from Kochtitzky
et al. (2022b). I wasn't able to track that file down from the supplemental/data availability given in
that paper, but I did find the Arctic_marine_terminating_fluxgates.gpkg file
(https://github.com/willkochtitzky/Frontal Ablation/blob/main/Arctic_marine terminating fluxgates.g
pkg). From this, I found (I think?) 147 glaciers, based on filtering that dataset by Svalbard and
removing fluxgates with "No longer" as a comment. That fits with the "RGI boxes" and "tidewater
glacier basins" (line 12) you report, but I'm not sure I understand where the 151 number comes from.
It doesn't come from RGI v7.0 (190 glaciers in region 07-01 with term_type = 1), or from RGI v6.0
(134 glaciers in region 07-01 with TermType = 1). Presumably, this is due in part to the RGI outlines
often dividing a single terminus into multiple glaciers, combined with removing glaciers that are not
marine-terminating over the full study period, but I think this should be stated/explained more clearly
- especially if you are then tying this back to the RGI (which version? I can't find this outside of the
Fig. 1 caption) with the "RGI-ID".

Looking at the dataset that you have provided, I do see the 2019 polygons, but I am less sure I
understand the distinction between the "RGI box"/"glacier basin" and "glacier" as a result. Here, there
are some RGI boxes that contain multiple polygons (for example, Nordre Buchananisen). This makes
sense given the size of the glaciers included there, but there are also RGI boxes that nearly completely
overlap (for example, Nuddbreen and Strongbreen), and I don't understand why these glaciers are not
merged as has been done for a number of other RGI glaciers that converge in a single terminus (for
example, the Nathorstbreen/Doktorbreen system). Additionally, there are boxes that don't fully
encompass the glacier polygon (e.g., Doktorbreen). I think this does need to be clarified/explained in
the text, and possibly revised in the dataset itself.



It’s a good thought to investigate this and we appreciate the effort looking into Will Kochtitzky’s data,
but it is not as confusing/inconsistent as it appears to be. Still, we will make the distinction between
151 glaciers and 147 basins clearer in the manuscript text, as well as the RGI version being used.

The 151 glaciers come from an additional GeoJSON file Will shared with us through personal
contact, which contained the distinct tidewater glacier termini that he distinguished/digitized in
summer 2019 when manually mapping calving front positions for his decadal study (Kochtitzky et al.,
2022b). This file was the source of the “2019 polygons”. Will included the RGI version 6 ID in this
GeoJSON for each of the 151 termini; if there were multiple distinct termini in a single RGI v6
feature, Will defined them as separate features but gave them the same RGIId tag. This explains how
there are 151 “glaciers” and only 147 “basins”; four of the 147 basins contain two distinct tidewater
glaciers defined by Will (i.e. Nordre Buchananisen as you noticed, also Kongsbreen, Valhallfonna E,
and Smeerenburgbreen). As you also found, we included the 2019 polygons that Will digitized as a
layer in our GeoPackage, which shows the 151 features. For the four RGI ID’s that had two distinct
termini, because they had the same RGI ID, we processed both “glaciers” together (i.e. fluxgates/ice
discharge, segmentation predictions, CMB correction, etc.), summing quantities or merging
geometries as necessary. We handled the processing with great attention to detail, and therefore in the
manuscript generally refer to our results/study scope as having 147 (not 151) glaciers.

The previous paragraph answers several of the comments in the second paragraph you wrote, but to
clarify the remaining points, the “RGI box” and “glacier basin” are the same thing; the RGI box just
refers to the geometry encompassing the basin (used primarily for SAR image sampling), and we
chose the word “basin”, instead of “glacier”, as each studied area/feature was not a single glacier. We
do see why it can be confusing as to why we didn’t merge the largely overlapping RGI boxes, but this
again comes from Will defining those glaciers (i.e. Nuddbreen and Strongbreen) as separate glaciers.
The overlapping doesn’t matter for downstream tasks because we took care to create very specific
postprocessing RGI box geometries that had no overlaps with adjacent glaciers. Will also defined the
Nathorstbreen/Doktorbreen system as just one glacier, even though the terminus is fed by 5+ distinct
RGI v6 features. Finally, thanks for recognizing that the Doktorbreen RGI box (and maybe other
basins) doesn’t completely cover the 2019 polygon. We already stated that some of the RGI boxes are
manually moved in Sect. 3.1.3, which explains why that RGI box is like that:

While rare, the position of an RGI box may be manually adjusted to facilitate an optimal sampling
extent.

To be more clear, while preparing this study we learned that it indeed caused problems for the RGI
box to not completely cover the fluxgate geometry, as this creates issues with the CMB polygon area
correction; to your point, the RGI box encompassing the 2019 polygon doesn’t matter because we
only care about the calving front. However, we took particular care to process Doktorbreen correctly,
which needed specific attention due to this geometry mistake. Therefore, we are confident the dataset
is fine and doesn’t need revisions. We updated the manuscript text in the first paragraph in Sect. 3.1.3
to the following:

A critical step for processing frontal area changes is defining a consistent sampling geometry for each
Randolph Glacier Inventory version 6 (RGI) basin that contains at least one marine-terminating
glacier. To identify all tidewater glaciers in Svalbard, we use the manually digitized termini polygons
from summer 2019 in Kochtitzky et al. (2022b), hereafter called the “2019 polygons”; detailed
mapping dates can be found at https://doi.org/10.5281/zenodo.19481461. We refer to the sampling
geometries as “RGI boxes”, which are created by buffering the minimum bounding envelope of all
2019 polygons per RGI-ID by two kilometers, ensuring that the sampling extent captures all frontal
changes (i.e. sustained retreat or advance) between 2015-2024. While rare, the position of an RGI box
may be manually adjusted to facilitate an optimal sampling extent. In total, 147 RGI boxes are
defined, encompassing 151 marine-terminating glaciers (defined by Kochtitzky et al., 2022b), with
four RGI boxes containing two separate glaciers. The two distinct 2019 polygons in these four boxes



(RGI60-07.00703, RGI60-07.00854, RGI60-07.01354, and RGI60-07.01482) have the same RGI v6
ID, and therefore in downstream tasks are processed together and handled as one RGI basin. Some
RGI boxes have large spatial overlaps with adjacent boxes (i.e. glaciers that merge into a single
terminus; RGI60-07.00296 and RGI160-07.00422), however, we retain such cases as individual glacier
basins, consistent with their definition in Kochtitzky et al. (2022b). In addition to the RGI box vector
geometry, a reference raster and geotransform are generated by rasterizing each box onto a 10 m
spatial grid in the WGS84 UTM zone 33N coordinate reference system (EPSG:32633), enabling a
consistent georeference for downstream raster processing.

minor/specific comments

1. 36, "Arctic": I'm not sure that Yahtse (Bartholomaus et al., 2013) or LeConte (Sutherland et al.,
2019) Glaciers can really be characterized as "Arctic" tidewater glaciers. I think this should either be
modified (removing "Arctic"), or additional references specific to Arctic glaciers should be included
here. Given that most of this paragraph pertains to tidewater glaciers in general, I would drop
"Arctic".

Done, we chose to drop “Arctic” in the end.

1. 44, 53: while Table 1 in McNabb et al. (2015) only reports results for the full time period (ca. 1985 -
2013), the calculations are done on much smaller timescales, and plotted as an aggregated annual time
series (Fig. 7). The utility of this for modelling is low, especially in comparison to the work presented
here, but the results/discussion do at least include the interannual variation/trend for frontal ablation in
the region.

Thanks for the clarification on your 2015 study, we just misunderstood how the data were
aggregated/presented. We have moved the study to be mentioned in the same context as the annual
and seasonal studies of Minowa et al. (2021) and Fahrner et al. (2025). The updated text in that
paragraph is now:

Currently, McNabb et al. (2015), Minowa et al. (2021), and Fahrner et al. (2025) are the only regional
scale studies that partitioned ice discharge and terminus mass changes at annual or seasonal
resolution. However, each study calculated frontal ablation for a select subset of tidewater glaciers
across their broader study regions; McNabb et al. (2015) considered 27 Alaskan glaciers with large,
active calving fronts and aggregated frontal ablation annually over 1985-2013, Minowa et al. (2021)
derived annual estimates for 38 major glaciers in the Patagonia icefields between 2000-2019, and
Fahrner et al. (2025) delivered a seasonal (3-monthly) frontal ablation dataset for 49 tidewater glaciers
on the Greenland Ice Sheet from 1987-2020.

Fig. 3: I suggest swapping panels a) and b), so that the context map is on the top, labeled a); the large
panel showing all of Kongsfjorden could then be labeled b), and the detailed inset of Kronebreen
could be labeled c). I also suggest showing the context box for the Kronebreen detail within the larger
panel.

Good design suggestions. We weren’t sure of the best way to present the 3 panels (a, b, ¢), but this is
quite helpful. We’ve integrated these changes now into Figure 3 and have reordered/adjusted the
figure description, as well as in-text references to the figure’s various panels.
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Figure 3. a) Full Svalbard regional extent of the updated ice, ocean, and land zone labels. A red inset map of the
zoomed window in (b) focuses on the Kongsfjorden where Kronebreen (panel c) is located. b) Spatially
contiguous top and bottom subpanels (see land-ocean area within orange box) of the Kongsfjorden and its four
tidewater glaciers, showing zone label accuracy with respect to the reference optical image. The top panel shows
the termini polygons manually delineated by Kochtitzky et al. (2022b) in 2019, with the Landsat-8 image (July
28, 2019) they used for front mapping plotted as background. Bottom panel is the resulting zone labels at the
terminus after applying the layers and processing steps in (c); compare Kronebreen in panels (c) and (b) for a
before/after example. ¢) An overview for updating the RGI v6 ice extent at the Kronebreen terminus to the
ground truth front position mapped by Kochtitzky et al. (2022b), which results in updated ocean and land zone
labels around the glacier outlet area. The OpenStreetMap coastline (© OpenStreetMap contributors,
https://www.openstreetmap.org/copyright) provides a reference for maintaining the land-ocean interface during
zone label updates and assists in illustrating the enclosed RGI v6 areas (pink) that become land/ocean. The
workflow is applied to all 147 tidewater glacier basins.

1. 221: I think that this assumption is something that you could test using, for example, the rates of
advance/retreat reported from previous studies, or from your own results.

We tested the assumption by calculating the ice area variability using our glacier domain polygons for
each glacier over the full study period. This variability was computed as the area of the symmetric
difference between the largest and smallest observed glacier extents, normalized by the area of the



postprocessing RGI box (i.e. only valid ice-ocean area). The postprocessing RGI boxes are already
tuned to only include ice bodies that are connected to ocean, making them the ideal geometry for this
calculation, compared to the standard RGI box, which includes all zone types and is generally used
for SAR image sampling. We found a median ice area variability percentage of 3.9% (95" percentile
17.6%) across all glaciers, with 117 of 147 glaciers having a variability less than 10%.

We also computed the maximum area of disagreement between the static ice mask and either
observed glacier extent, normalized by the postprocessing box area for each glacier. This approach
provides a conservative upper bound on the impact of using a fixed ice mask for reference-image
quality sampling. We found a median static-mask area error of 2.7% (95" percentile 11.6%) across all
glaciers, with 134 of 147 glaciers having a mask area error less than 10%.

We adjusted the manuscript text with the following:

While the masks are static and glacier termini evolve throughout the study period, retrospective
analysis using the minimum and maximum observed monthly glacier extents (see Sect. 3.1.5)
demonstrates that frontal displacement is small relative to glacier outlet area. Across all glaciers, the
median maximum disagreement between the static ice mask and the observed glacier extents over the
study period is 2.7% (95th percentile: 11.6%) of the outlet area. Similarly, the median glacier area
variability between the minimum and maximum observed monthly extents is 3.9% (95th percentile:
17.6%) of the outlet area. These results support the use of static ice and ocean masks as a close
approximation of the regions sampled for reference image quality ranking.

1. 222-226: can you provide additional detail about these metrics, or provide references for them?
Metrics (2) and (3) seem straightforward enough (assuming that 'median intensity contrast' is just the
difference between the median of ice-classed pixels and the median of ocean-classed pixels), but the
others are less clear.

We added additional details about the seven metrics used to rank SAR image quality in a new section
in the supplement document (Sect S1.1). We also slightly updated the names of some of the seven
metrics and put a reference to the new supplement section in the manuscript text:

Seven statistical metrics describing ice-ocean separability and noise characteristics are computed from
the sampled backscatter values: (1) a normalized percentile overlap metric, (2) the median intensity
contrast, (3) the mean ice-to-ocean intensity ratio, (4) the ice-ocean Shannon entropy difference
(Shannon, 1948), (5) the ocean dark-pixel fraction, (6) the ice-to-ocean coefficient of variation ratio,
and (7) a Kolmogorov-Smirnov contrast metric (Kolmogorov, 1933). The metrics are standardized
and combined using a principal component analysis, with the first component used as a composite
image quality score. The composite score is sorted such that higher scores correspond to stronger ice—
ocean contrast, and images are ranked accordingly within each RGI-ID per year. Detailed definitions
of the individual image quality metrics are provided in the supplementary material (Sect. S1.1).

In the supplement, each metric has a brief description of how it was calculated, accompanied with an
equation for clarity.

S1.1 SAR image quality ranking metrics
The reference SAR image ranking is based on seven complementary statistics derived from the sampled

ice and ocean backscatter distributions to characterize their separability and additional characteristics

associated with SAR image quality. These statistics are standardized and combined using principal



component analysis as described in Sect. 3.1.4. For clarity, we provide a brief description and

mathematical definition of each statistic.

The normalized percentile overlap metric (O) is computed as the overlap between the 5th-95th
percentile intensity ranges of the sampled ice and ocean backscatter distributions, normalized by the

combined percentile span of the two distributions:

0 = max(o' min(pice,%; pocean,95) - max(pice,Sv pocean,S) (1)

max(pice,%v pocean,95) - min(pice,SJ pocean,s)

where smaller values indicate better separation between the two classes. The median intensity contrast

(AM) is computed as the difference between the median ice and ocean backscatter:

AM = lice — lpcean (2)

where larger values indicate stronger contrast. The mean ice-to-ocean intensity ratio (R) is computed

as:

I:
R=— ice (3)

Iocean

measuring the relative brightness of glacier ice compared with ocean. The ice-ocean Shannon entropy
difference (AH) is computed as the difference between the Shannon entropy (Shannon, 1948) of the

sampled ice and ocean intensity histograms:

AH = Hice — Hocean 4

where larger absolute values indicate greater differences in intensity complexity (texture) between the
two classes. The ocean dark-pixel fraction (fy,rk) is computed as the fraction of sampled ocean pixels

with intensities below one-half of the ocean median:

fdark — N(IOCB(ITL < 05 iocean) (5)

Nocean

where larger values indicate a greater proportion of low-backscatter ocean pixels. The ice-to-ocean
coefficient of variation ratio (R ) is computed as the ratio of the coefficients of variation (CV = o /u)

of the sampled ice and ocean intensities:



CVice

Rey = —— (6)
Y CVycean

providing a relative measure of backscatter variability (including speckle) between the ice and ocean
classes. The Kolmogorov-Smirnov (Kolmogorov, 1933) contrast metric (K) is computed by multiplying

the two-sample Kolmogorov-Smirnov statistic (Dgs) by the median intensity contrast:

K = Dys AM (7

combining the overall distributional separation of the ice and ocean backscatter with the magnitude of

their median intensity contrast.

1. 233-242: I really like this approach, and the explanation.

Thanks! We also thought it was a reasonable approach to handle multiple (daily) front predictions per
month.

1. 287: how were these glaciers chosen?

The uncertainty testing subset of glaciers were generally chosen subjectively. However, we wanted
the 10 glaciers to be representative of the various types of glaciers found around Svalbard so that our
mean region-wide frontal uncertainty is accounting for this representation. Specifically, we considered
factors such as front length (large/small), geometry/flow type (fjord/ice cap style), glaciers with a
documented surge (Doktorbreen/Nathorstbreen system, Strongbreen), complex frontal geometry
(Deltabreen and more), as well as a spatially distributed subset across the Svalbard subregions (i.e. 3
glaciers in SS, 2 each in AF and VF, 1 each in NW, NE, BE). For each of these factors, we tried to
select at least one glacier that was representative of the criteria. The actual glacier’s that were selected
were randomly picked based around the combination of these factors.

The representation of selected uncertainty testing glaciers doesn’t necessarily match the quantity of
glaciers meeting the criteria in Svalbard, however. For example, the majority (> 50%) of Svalbard’s
tidewater glaciers are “small” glaciers with “simple” (straight) frontal geometry, which the
segmentation model tends to perform better on; only 1-2 of the 10 testing glaciers have these
characteristics, opposed to 3-4 testing glaciers with “complex” frontal geometry (which is less
common among all of Svalbard’s glaciers). Given the common presence of “simple” geometry
glaciers, relative to our chosen subset, the mean regional frontal uncertainty of 38.1 meters is most
likely conservative.

We added a sentence about this in the manuscript and made a reference to see supplement Sect S1.3
for more details:

Uncertainty in the frontal displacement rate (o} ) is estimated by comparing manually delineated and
model-predicted glacier domain polygons from the same month (Fig. 6), across a geographically,
geometrically, and behaviorally diverse subset of 10 tidewater glaciers (supplement Table S1). The
glaciers were manually selected to be representative of the various types of glaciers found in Svalbard
(supplement Sect. S1.3), including factors such as variable calving front length, observed surge
behavior, complex and simple frontal geometry, and glacier flow type (fjord or ice cap style).



Fig. 6: it looks like the star for Lillichegkbreen is in the wrong place - it should be in the red box
shown in the inset

We adjusted the star for Lillichagkbreen in Figure 6. Originally, it was intentionally placed above the
red box for Lillicheekbreen because it looked visually cluttered placing the star inside the box, but we
shrunk the star and moved it inside the box. Also, we made some small style updates to the figure
suggested by the other reviewer (i.e. only one inset map, north arrow, scalebar, etc.). We also
rearranged and slightly updated the figure description as such:
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Figure 6. Background for both panels is a Sentinel-2 image obtained on August 2, 2016. a) The 10
manually mapped terminus positions from SAR images at Lillicheekbreen over the evaluation period
in 2016. Arrows indicate a retreat over the year on the left and middle thirds of the glacier and a
frontal advance on the right third. The dashed black line provides a consistent visual reference for
comparing the panels. b) The 10 monthly-averaged ice front model predictions, forming pairs with the
ground truth positions by the corresponding month. The model captures the observed contrasting
retreat/advance pattern during 2016. The width-averaged spatial uncertainty per pair is provided in
meters in the legend. The inset map shows the geographic location of all glaciers included in the



frontal uncertainty analysis, with the map background given by the Bing Satellite ©. Mean pair spatial
uncertainties are annotated in meters on the inset map per testing glacier.

1. 391: how many other glaciers had partial elevation change data?

Other than the two island glaciers that we used data from Hugonnet et al. (2021) in the prior
sentence/line, there are 11 more glaciers that had partial elevation data. However, this partial data
coverage is largely insignificant as 10 of those 11 glaciers were only missing elevation change data at
one (8 glaciers) or two (2 glaciers) flux points along their fluxgate geometries. The position of these
flux points with missing data tends to be at the edges of the fluxgate and ice extent (i.e. along ice-land
boundaries), where the elevation change raster didn’t have a valid pixel likely due to radar shadow.
The one glacier of the 11 with a larger proportion of partial data (115 of 201 flux points) is Austfonna
Basin 5 (RGI60-07.00029) and is due to missing scene coverage. We still chose to use the mean
elevation change rate of the 86 available points, as there is adequate spatial coverage to define a
reasonable fill value. We updated the manuscript with the following:

We sample ice surface elevation change rates from a dHot ! field derived by DEM differencing
between 2013-2018 (Malz et al., 2021). Two island glaciers in northeast Svalbard — Kviteyjekulen
and Storeyjekulen — are missing surface elevation change data, which is filled with a glacier-specific
constant rate from the period January 2015 — 2020 for all flux points (Hugonnet et al., 2021). There
are 11 additional glaciers with partial elevation change data due to radar shadow, whose missing flux
points are filled with the mean rate of available point measurements. Ten of these glaciers are only
missing data at one or two flux points, with the final glacier of the subset missing a larger proportion
of points because of poor scene coverage in the DEM differencing.

1. 505-506: as with the comment at 1. 221, I think this is something that can be checked/quantified -
how big are the changes (as a fraction of the domain area) for all months, for each glacier?

We tested this assumption by comparing the glacier domain polygons immediately before and after
each interpolation gap. The area of the symmetric difference between the two polygons was
normalized by the mean area of the pre- and post-gap glacier domains, providing a measure of the
relative change in the CMB integration domain across each gap. Across 676 interpolation gaps, the
median relative domain change was 2.8% (95th percentile: 10.1%). These results indicate that the
glacier domain over which CMB was integrated remained highly consistent throughout the
interpolation intervals, supporting the use of the first post-gap glacier domain for integrating monthly
CMB fields. We revised the manuscript text to include some quantitative reasoning and to
sharpen/update the existing text:

While frontal variations are not considered within the gap period, area changes are generally small
relative to the glacier domain; across all interpolation gaps, the median relative change between the
pre- and post-gap glacier domains was 2.8%, while the 95th percentile was 10.1%. This supports the
use of a common glacier domain during interpolation, allowing monthly CMB variability to be
retained, rather than restricting CMB sampling to months with available frontal geometry.

1. 510: can you also report the number of months (out of the 15,500) are gap-filled in this way, and
how many glaciers have gapless records?

To be clear, the 15,500 months are not the interpolated record, that number is the amount of frontal
ablation estimates we have directly computed from consecutive monthly frontal geometries. The total
number of frontal ablation estimates, including non-interpolated and interpolated measurements, is
17,340. We have already reported the number of months that are gap-filled in Results section 4.1 (the
section immediately after this Line 510, 3.4 section where we are describing the frontal information
interpolation). This is the text that was already written in the first two sentences of section 4.1:



In total, of 17,493 possible monthly measurements across the 147 marine terminating glaciers defined
in the study, we generate 15,500 estimates of frontal ablation, frontal area change, ice discharge, and
CMB constrained to model-predicted frontal geometry from 2015-2024 (88% temporal coverage). An
additional 1,840 monthly estimates are produced by linearly interpolating temporal gaps of frontal
area change within each glacier’s time series, resulting in 99% total temporal coverage (see Sect. 3.4).

Nevertheless, with the new text from your previous comment about Line 505-506, we now have the
number of interpolated months reported in this section/paragraph. Unfortunately, none of the glaciers
have a gapless record (i.e. 119 monthly frontal ablation measurements) because the postprocessing
filters (supplement Sect S1.2) and the manual frontal geometry check/filtering described in Sect.
3.1.5. were quite rigorous (1,057 of 16,704 monthly fronts manually deleted). However, as you
suggested, we also added in section 3.4 the number of glaciers that have non-interpolated monthly
frontal ablation records of greater than 80, 90 and 95% temporal coverage, as well as information on
the total number of monthly frontal ablation measurements (including non-interpolated and
interpolated months) and the worst temporally covered glacier. Including the new text from the
previous comment in the same paragraph, this is the final updated text in the manuscript:

While frontal variations are not considered within the gap period, area changes are generally small
relative to the glacier domain; across all interpolation gaps, the median relative change between the
pre- and post-gap glacier domains was 2.8%, while the 95th percentile was 10.1%. This supports the
use of a common glacier domain during interpolation, allowing monthly CMB variability to be
retained, rather than restricting CMB sampling to months with available frontal geometry. Similarly,
as the complete monthly ice discharge time series is independent from frontal geometry, the standard
mean discharge is taken over all gap months (see Sect. 3.2.4). With the complete monthly record of
ice discharge and CMB, as well as the temporally interpolated frontal area change, the frontal ablation
time series is completed with 17,340 monthly measurements. As such, the only temporal gaps
remaining are for glaciers whose frontal geometry record begins after January 2015 or ends before
December 2024, as we cannot extrapolate frontal information. Although none of the glaciers have a
gapless frontal geometry record (i.e. all have interpolated gaps) due to the filtered outliers (see Sect
3.1.5 and supplement Sect. S1.2), 37, 99, and 129 of the 147 glaciers have a non-interpolated monthly
frontal ablation temporal coverage of 95, 90, and 80%, respectively. Further, the glacier with the
worst non-interpolated temporal coverage is the Doktorbreen/Nathorstbreen system (RGI60-
07.01474), with 57 of 119 possible months (~48%).

Table 1 + in-text values: I think you should specify in the table caption that the reported decadal mean
uncertainty values are the standard error of the mean uncertainty (i.e., mean(uncertainty) /
sqrt(count)). That said, I think the better/more appropriate way to do this would be to calculate the
root mean square of the uncertainties, which would give, e.g., -21.57 £ 3.06 for the frontal ablation, -
5.60 £+ 2.98 for the area change, 17.75 £ 0.65 for the ice discharge, and -1.78 £ 0.28 for the CMB.

We appreciate the suggestion and also think it’s a reasonable approach to compute the decadal
uncertainty. However, the uncertainty reported for the decadal mean is intended to represent the
propagated uncertainty of the arithmetic mean of the independent annual estimates. Accordingly,
annual uncertainties are propagated following standard error propagation, yielding g4 =

f Z ; of /N (Eq. 20c). The proposed root-mean-square uncertainty, / Z ; of /N, instead represents

the characteristic uncertainty of an individual annual estimate rather than the propagated uncertainty
of the decadal mean. Our intention was to quantify the uncertainty associated with the decadal mean
itself by treating the annual estimates as independent measurements with associated uncertainties. To
avoid ambiguity, we have clarified this interpretation in the manuscript after introducing equation 20c
in Sect. 3.4, before any of the results tables in Sect. 4.1:

The resulting uncertainty represents the propagated measurement uncertainty of the decadal mean and
therefore decreases as independent annual estimates are averaged (see Sect. 4.1, Table 1).



Table 2: As for Table 1 - I think the more appropriate way to calculate the decadal uncertainty is as
the RMS of the annual uncertainty, rather than the standard error.

Since we defended keeping the decadal uncertainty as currently computed we did not adjust the values
in Table 2 or Table 3.

1. 605: how is this intensity index derived? Is it just the frontal ablation normalized by the terminus
length (in 100s of km)?

We adjusted the manuscript text to clearly define the frontal ablation intensity and updated the
grammar for consistency/clarity:

The final subregion, Vestfonna ice cap (VF), has the lowest decadal rate (-1.03 = 0.10 Gt a™) of all
regions. However, to facilitate comparisons among regions with different total calving front lengths,
frontal ablation is also normalized by the total terminus length and expressed per 100 km of calving
front (Table 2). VF has the second highest frontal ablation intensity rate (-2.34 Gt a™' (100 km)™') of all
regions, revealing the region’s relevance for studying controls on and impacts of frontal ablation in
Svalbard. Expectedly, AF exhibits the strongest frontal ablation intensity (-4.19 Gt a™! (100 km)™"),
further demonstrating its dominant contribution to Svalbard’s frontal ablation mass budget.

1. 609: similar to the intensity index, would it make more sense to compare the CMB correction
normalized by the area between the flux gate and the terminus, rather than the magnitude?

Yes, this makes sense, and we opted to report both the absolute CMB magnitude and the specific
CMB in the revised manuscript. The specific CMB was calculated by normalizing the regional CMB
by the mean glacierized area of each region, where the regional glacierized area was computed by
summing the mean annual glacier domain areas of all glaciers within each region. The revised text
now reads:

Although the largest absolute CMB corrections occur in AF (—0.48 = 0.03 Gta™) and SS (—0.56 +
0.03 Gta™), the specific CMB (Table 2) is most negative in SS (—1.86 m w.e. a™'), NW (—=1.60 m w.e.
a'), and BE (—1.06 m w.e. a™'), indicating that these regions experience the strongest climatic mass
losses relative to their glacierized area.

Table 2. Decadal frontal ablation, frontal area change, ice discharge, and CMB rates for the seven
glaciated subregions of Svalbard. Monthly coverage is calculated as the percent of available
measurements from total possible months, based on the number of glaciers in the region. Peak year
indicates when the region’s frontal ablation mass loss was most negative between 2015 and 2024.
Termini length is the decadally-averaged, summed length of all glacier fronts corresponding to the
region. FA per 100 km is the region’s decadal frontal ablation rate normalized per 100 km of terminus
length. Specific CMB is the region’s decadal CMB rate normalized by the mean glacier domain area
of the region.



1. 634, elsewhere: "Negribreen" is "Negri Glacier", so you can remove "glacier" after Negribreen (and
any glacier name that includes "breen")

Decadal Regional Total Rates (Gt a) Statistics
FA per e
Monthl Termin 19 Specific
. Frontal Ice Pea . CMB
Regio Frontal . y i km
. Area Discharg CMB
n Ablation Change e Coverag Year Length (mw.e.
& e (%) (km) (Gta T
Y)
-10.38 + -2.12 + 8.74 -0.48 = 201
AF 24 -4.1 -0.
0.63 0.62 0.13 0.03 89 5 8 9 0.53
-1.42 -0.73 0.96 -0.26 202
BE 0.29 0.28 0.05 0.01 66 1 73 -1.96 -1.06
-1.86 -0.72 + 1.17 -0.04 201
KV 0.61 0.60 0.11 0.00 95 8 o1 -183 "0.44
-2.55¢* -0.73 201+ -0.18 = 201
NE 0.15 0.15 0.04 0.01 50 6 131 194 -1.02
-1.75 % -0.38 = 1.59+ -0.21 201
NW 89 116 -1.53 -1.60
0.13 0.11 0.07 0.01 6
-2.58 = -0.70 = 244 + -0.56 202
SS 87 145 -1.77 -1.86
0.14 0.13 0.04 0.03 3
VE -1.03 -0.22 0.85 + -0.04 89 201 a4 534 0.63
0.10 0.10 0.03 0.00 6 ' '

Good to know. This was a common mistake throughout the manuscript; all cases have been fixed.
Table 3: as for Table 1
See author comment for the Table 1 + in-text values comment.

Section 5.1: I wonder if a portion of the difference between your results and Kochtitzky et al. (2022b)
is due to the difference in ice thickness datasets used - either by spatially distributing observations
from GlaThiDa, or from filling in with Millan et al (2022)'s results - compared to the SVIFT results
(Fiirst et al., 2018a) used here. How large are the differences for the thicknesses at your fluxgates
compared to the results in Kochtitzky et al., for example? Could you plot, as a supplemental figure,
the ice thickness along the flux gate used for both studies, at least for 1-2 glaciers with large
differences?

We compared the mean ice thickness between this study and Kochtitzky et al. (2022b) for each
glacier, as well as the correlation between ice thickness differences and frontal ablation differences
(supplement Fig. S5, below). We also plotted the pointwise mean ice thickness in this study (100 m
resolution) across the fluxgate and that of Kochtitzky et al. (25 m resolution); this was done for
Austfonna Basin 3 and Perseibreen, which have the largest frontal ablation difference and mean ice
thickness difference between the studies, respectively. We updated the manuscript text by continuing



the glacier-scale comparison paragraph with the following:

In addition, we assessed whether differences in ice thickness reconstruction methods could contribute
to the glacier-scale differences in frontal ablation estimates. This study derives ice thicknesses (Sect.
3.2.2) from the SVIFT thickness dataset (Fiirst et al., 2018a), whereas Kochtitzky et al. (2022b)
primarily used spatially distributed GlaThiDa observations supplemented by Millan et al. (2022)
modeled thickness estimates where observations were unavailable. Comparison of mean ice
thicknesses at the fluxgates shows a mean absolute difference of 37.7 m (RMSE = 47.3 m) across the
147 glaciers (see supplement Fig. S5). However, absolute thickness differences are not significantly
correlated with absolute frontal ablation differences (Pearson r = -0.08, p = 0.31), suggesting that
differences between the thickness datasets are unlikely to be the dominant explanation for the glacier-
scale differences in frontal ablation estimates.
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Figure S5. a) Comparison of the mean ice thickness reported by Kochtitzky et al. (2022) and this
study for all 147 tidewater glaciers. On average, our thickness estimates are 17.4 m thinner than those
of Kochtitzky et al, with an RMSE of 47.3 m. The dashed line indicates a 1:1 relationship. b)
Absolute difference in mean ice thickness versus the absolute difference in long-term frontal ablation
rate between the two studies. No significant relationship is observed (Pearson r =-0.08, p = 0.31).
Yellow points correspond to the example glaciers shown in panels (¢) and (d). ¢) Mean ice thickness
profile along the Austfonna Basin 3 fluxgate, which has the largest frontal ablation difference between
the two studies. Fluxgates are at different spatial positions. d) Mean ice thickness profile along the
Perseibreen fluxgate, which has the largest mean ice thickness difference between the two studies.
Fluxgates are at different spatial positions.
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