
We thank Benjamin his thorough and helpful review of the manuscript. His comments have 
provided valuable input to improve the manuscript, the processing chain and the data 
product. We have made significant changes to the manuscript, processing chain and data 
product, with detailed responses to the reviewer comments below. Reviewer comments are 
shown in black, our responses in blue. All line numbers in our responses refer to the revised 
manuscript.  
 
 
General comments  
This manuscript describes the method used to generate a new dataset of frontal 
ablation for a sample of Greenland’s tidewater glaciers. The dataset and workflow 
will be a great asset to the community and I am confident that the products will 
enable lots of good science. Overall, the method appears sound but I think the pre-
processing of the terminus delineations and the estimate of ice thickness changes 
need to be improved to avoid erroneous changes in glacier volume. The majority of 
the manuscript is used to describe the method for calculating mass changes owing 
to terminus advance and retreat – I think more attention needs to be devoted to 
describing and documenting the dataset itself, and to quantifying the impact of 
various choices through the processing chain. In particular, the contribution of 
advance/retreat to frontal ablation should be quantified for all glaciers, individually 
and combined, at a range of temporal scales. I think the error metric for terminus 
mass change needs to be improved, particularly through the inclusion of thickness 
errors. 
 

We’d like to thank the reviewer for the time and effort to conduct such a thoughtful 
and detailed review. We have aimed to address the general comments above, with 
details provided in our responses to the specific comments below. 

 
 
Specific comments  
Data product:  
The errors in D and TMC should also be provided, so that users can see how they contribute 
to the error in F.  
 

- Good point. We have now included the error in D and TMC into the final data 
product.  

 
I think it would be helpful if the time-series for each glacier were combined into a single file, 
perhaps a NetCDF. This would make it much easier for potential users to amalgamate the 
measurements from different glaciers.  
 

- The dataset is now available as single shapefile, geopackage and NetCDF.  
 
A few issues that I assume are minor:  
For Akullersuup Sermia, the last two entries for TMC and F are empty, but D and 
Max_Error_F are provided. Is that expected?  
 

- We checked the dataset, and it appears that this was an error that occurred during 
file conversion.  

- We ensured that data for all glaciers is consistent.  
 
Time period: Again for Akullersuup Sermia, data are available for the period 1988 to 2018. In 
the manuscript, the abstract states 1987-2020, the caption of Figure 9 states 1987-2015 but 



line 361 of the submitted version states 1987-2018. Do different glaciers have different 
temporal coverage, with some (a few or most?) extending to 2020? If the glaciers do have 
different time periods, it would be easier for users if you at least make all of the time-series 
the same length by padding with NaNs as necessary.  
 

- Different glaciers have different temporal coverage, coming from the terminus 
position availability. The longest span we have for any glacier is 1987-2020, but for 
the purpose of Figure 6 (formerly Figure 9), we use the period 1988-2018 to ensure 
we can include all glaciers in the plot. In the figure and figure caption we have noted 
a few glaciers for which we don’t have data for the full 1988-2018 period required by 
the plot. 

- Following your suggestion, we have made all data consistent to cover the period 
1987-2020 in the final dataset by padding with NaNs.  
 

Data sources:  
Initially, I found this section a little confusing. It reads somewhat like an abstract for the 
methods, giving a very brief overview but without much detail, some of which is repeated 
again in the methods. The purpose of this section is just to tell the reader what data you 
used – giving them some identifier or name – so that you can refer to them unambiguously in 
your methods. With that in mind, I wonder if this section might be better structured as a 
series of bullet points where you clearly state the parameter (terminus position, elevation, ice 
velocity, discharge) and what data source(s) were used, then bring Supplementary Table 
into the main text at this point. I would recommend adding the time-period to the table (and 
possibly to the text describing the data).  
 

- Thank you for this suggestion - we have changed this section of the manuscript to 
bullet points as suggested by the reviewer.  

- We added the suggested further details to the former Table S1 and included this 
table in the main text (now Table 1).   

 
Methods – fjord geometry and terminus positions  
Line 169: lower/upper fjord wall is hard to understand. Should it be southern/northern? If so, 
then is the code able to deal with glaciers flowing north to south or south to north? Could you 
use true left or right instead – that would be independent of glacier orientation, but it would 
entail bringing in the flow direction data earlier, so might not be worth the additional effort.  
 

- The code is able to deal with glaciers flowing in any direction. We changed “upper“ 
and “lower” fjord wall to fjord boundary 1 and fjord boundary 2. We hope that this 
clarifies that these are independent of glacier flow direction.  
 

Fjord wall delineation and polygon creation: overall, this approach for creating polygons 
seems very robust, but I have a few queries and have spotted a few areas where the 
algorithm appears to struggle:  
 
1. For ice streams like Jakobshavn Isbrae/Sermeq Kujalleq, where there is no clear lateral 
topographic boundary in the vicinity of the present-day terminus, how did you determine 
where to place the fjord walls?  
 

- This is a good question – we did this on a case-by-case basis – mostly you can for 
example see strong shear margins at the edge of fast flowing ice and these provide 
good boundaries.  

 
2. As glaciers thin, they can reduce in width. Depending on the date of the image used to 
digitise your fjord walls, you might be slightly (and it probably is only very slightly) 
overestimating or underestimating the change in area owing to terminus position change in 



years far before or after the image was acquired. I think it would probably be more effort than 
it’s worth to quantify the impact of this because the associated error is likely smaller than 
other errors, but I suggest that this effect is acknowledged somewhere.  
 

- Agreed - we do not take lateral thinning of the glacier into account, but we feel the 
error introduced is minimal because presumably these areas have small ice 
thicknesses. We added a sentence acknowledging this possibility to the manuscript 
in section 2a [Lines 196-198]. 

 
 
3. Definition of terminus width when filtering polygons: As I understand it, the purpose of this 
step is avoid making long extrapolations from the digitised terminus to the digitised fjord wall. 
Just browsing some of the terminus polygons, I noticed some that still had what I judged to 
be quite long extrapolations. For example, Jakobshavn Isbrae/Sermeq Kujalleq on 2002-05-
30 has a ~4.5 km completely straight line and 2004-10-03 has a ~6 km straight line, which I 
assume are extrapolations. I assume this is occurring because the fjord widens a lot as the 
terminus has retreated, so even short digitisation along wide sections of fjord, could be as 
long or longer than the minimum fjord width further seaward. One alternative approach that 
comes to mind is to compare the length of the digitisation to the distance to the nearest fjord 
wall – if the remaining distance is only a small fraction of the length, then extrapolation may 
be ok. Actually, if one end of the digitisation intersects the fjord wall, then you could even 
compare the straightline distances between the unfinished end point and both fjord walls to 
determine whether extrapolation is justifiable. I deliberately chose this glacier because I 
thought it would be tricky, as the width of the fjord changes a lot and the glacier has 
bifurcated, so these might be isolated issues.  
 

- We agree that there were issues with the delineations at Jakobshavn Isbræ.  
- After further investigation of this glacier, we found that one operator created 

delineations that do not cover the whole terminus, but rather traced the northern and 
southern branch of Jakobshavn Isbræ separately, which explains the long 
extrapolations in this case.  

- We manually removed these particular delineations, and after doing that, feel that the 
remaining process is sufficiently robust to exclude long extrapolations. 

- The manual removal of these delineations is now noted in manuscript in section 2b 
[Lines 200-203]: 
“The TermPicks delineations of all investigated tidewater glaciers are first visually 
examined to identify obvious outliers caused by e.g., false georeferencing of the 
satellite image, delineation of mélange or, in the case of Jakobshavn Isbræ, 
delineations of only one branch of the terminus.” 
 

4. Linking broken digitisations: I can see that you remove multi-part delineations in stage 1 of 
your filtering, but I found some examples (e.g. Jakobshavn Isbrae/Sermeq Kujalleq on 2005-
03-03) where it looked like linking digitisation segments was done in the wrong order, 
resulting in the northern part of the digitisation being extrapolated to the southern fjord wall, 
creating lots of self-intersections and probably a very large apparent terminus advance. It 
may be worth checking that stage 1 is working, or perhaps throw in some checks for large 
gaps between segments would help to get the order correct. Or at least check for large gaps 
after linking everything would help you to discard this type of failure.  
 

- Thank you for noting this. We believe these issues have been resolved by excluding 
the separate delineations as described in the previous comment. 

 
5. There are some terminus digitisations that appear to go outside of the fjord walls (e.g. 
Jakobshavn Isbrae on 2015-03-04). I assume this is because the walls were digitised before 
all of the terminus traces are available. Is this likely to be consequential for the measurement 



of frontal ablation? If not, then I think it would be acceptable to retain or exclude these as 
you see fit, rather than modify the algorithm or redraw the fjord walls.  
 

- We are not quite sure what the reviewer is referring to here – certainly some of the 
raw terminus traces go beyond the fjord walls, but after our processing the end of the 
terminus trace should coincide with the fjord wall. We double checked the 
delineations after they have been clipped/extrapolated to the fjord walls and couldn’t 
find any that go beyond the delineated fjord walls. It’s possible this is related to the 
two branches problem with Jakobshavn Isbræ described in the last two comments 
that has now been fixed. 

 
Removal of delineations with fjord walls: I was surprised to see that you remove the 
PROMICE delineation in Figure 3. I couldn’t find the corresponding part of the text that 
described that step, but it looks like an important choice. I don’t know how many delineations 
that step removes, so perhaps it makes little difference, but wouldn’t it be straightforward to 
include delineations of that type and just clip them when they intersect the fjord wall (which 
you are doing anyway)? 
 

- The PROMICE delineation shown in Figure 3 is excluded because the trace consists 
of 4 separate line segments, and this is stated in section 2b [Lines 222-226] The 
problem is that it is programmatically not trivial to determine which of the four lines is 
the actual terminus we’re interested in without manually checking.  

- Note that this does not mean that we exclude all PROMICE delineations, but rather 
those which contain more than one line.  

 
Use of velocity to remove traces that have advanced too far: I really approve of this step, but 
I noticed some digitisations that had advanced unrealistically far, so I wonder if further 
cleaning is required. For example, at Jakobshavn Isbrae, there is a ~12 km advance along 
the southern fjord wall from 2007-03-08 to 2007-04-05, which seems unrealistic to me. The 
centreline does not advance so much, which is presumably why the algorithm retains the 
latter trace. I wonder if setting a maximum rate of change in area for each glacier, based on 
the long-term average, width-averaged near-terminus velocity would help to identify and 
remove these traces?  
 

- Unfortunately, the two-branch issue at Jakobshavn Isbrae does seem to have caused 
multiple issues and this is one of them – thank you for spotting this. This issue should 
now be resolved with the exclusion of delineations that cover different branches of 
the terminus. 

- Beyond this, we feel that the existing method is sufficient, but we hope to implement 
your suggestion in a future iteration because it could require less data download on 
behalf of the person running the code. 

 
A minor point on this step: I found the use of “midpoint” and “centreline” a bit confusing. 
Presumably, the intersection of a central flowline with a trace is not always the midpoint of 
the trace?  
 

- We renamed the points to intersection points (c1 and c2) and clarified how they are 
derived in the text [Lines 249-259].  
 

Line 186/7: As written it sounds like a trace on, say, the 30th of the previous month would 
not be used even if the next month did not have a trace until, say, the 10th. Is that right? I’m 
also not sure I follow this logic, because it implies that delineations closest to the 1st of each 
month would somehow be more accurate than other traces. Why not just say that the 
accuracy of the measurements is too low to resolve short-term (<1 month) changes in 
terminus position? If that is the intended meaning here.  



 
- Thanks for asking for clarification here. You’re correct that the key point is that 

estimates of frontal ablation at higher temporal resolution than approximately monthly 
are unreliable because the error on the ablation increases as the time interval 
decreases and because the error on the terminus delineations becomes more 
prominent as the time interval decreases (see e.g. Methods section 2f). Therefore, 
we wanted to pick delineations that were spaced at an approximate interval (which in 
the code can be set to monthly, 3-monthly or annual; the results in the paper show 3-
monthly). We chose to pick delineations that were close to the first day of the time 
period (because that is as good a choice as any), but you’re correct that we further 
specify that they are after the first day. In hindsight it may have been better to simply 
choose the closest to the first (so that something from the 30th of the previous month 
would be prioritised over the 10th of the next month), but in practice the delineations 
are sufficiently abundant that this doesn’t make much difference, and also where they 
are sparse we still are successful at finding terminus traces spaced at approximately 
our requested interval. We have clarified some of this motivation in the text (Methods 
section 2b).  
 

Line 191/2: Can you clarify what is meant by “subsequent temporal averaging”? It sounds 
like averaging of terminus positions, but I’m not sure that is intended.  
 

- Apologies that this was unclear in the text – perhaps our writing was confusing on the 
point of whether we are choosing a monthly or three-monthly time period. We have 
revised this paragraph to be clearer and removed the phrase in question. 

 
Line 235: “quality control and temporal filtering”. Do these refer to the steps described 
above? If so, I can’t see where temporal filtering comes in.  
 

- We rephrased the sentence to clarify what we mean and connect it to the processes 
described in the previous steps. It now reads [Lines 267-269]: 
“Overall, after quality control and sub-setting the dataset to one observation per 
month, the dataset contains 36.8 % of all terminus delineations (6698 of 18202) for 
the selected 49 glaciers.” 
 

Line 247: “nearest point on the polygon boundary”. Just looking at one polygon boundary 
(Jakobshavn), the points are spaced quite far apart. Since you connect the terminus 
delineation with polygon points, not polygon edges, this means the terminus doesn’t always 
go to the closest part of the fjord. I wonder if it would be worth making your polygon point 
spacing smaller, to improve that connection. I have found combining arclength and interparc 
quite helpful for this kind of thing:  
 

- The manually delineated fjord walls contain ~1400 individual points on average, and 
in the case of Jakobshavn Isbræ, the fjord wall coordinates are spaced approximately 
30 metres apart. We feel this is sufficiently dense that the terminus trace should be 
extrapolated to the closest part of the fjord wall, so we’re not quite sure what the 
reviewer is referring to here. Possibly again this is related to the issue with 
Jakobshavn Isbræ having two branches. 
 

Line 249: Somewhere further up I mention some traces that have quite long extrapolations to 
the fjord edges and suggest a comparison like this to reduce those. Since you already have 
it implemented, it may be worth trying with some different thresholds to reduce the 
extrapolation distance.  

 



- Thank you for this suggestion - while we agree that different methods or thresholds 
could be implemented, we are convinced from our various iterations of the 
processing chain that this would only marginally change the results.  

 
Methods – surface elevation change/ice thickness  
Line 127 (data sources): “glacier specific surface elevation change rates” – without checking 
the dataset from Khan (2017), it’s not clear what this means. Are they scalar values for each 
of the study glaciers representing the average rate of change over that period, or are they 
time-series of elevation change rates representing rates over certain (ir)regular epochs? Are 
they observations of elevation change, or based on fits through the data? Are they averaged 
across the whole basin, or some smaller area near the terminus? If so, did you do that here 
or is that how the data come from Khan (2017)? If you do retain this section describing the 
data sources, then I think it would be worth clarifying these points.  
 

- The Khan (2023) dataset (previously the Khan (2017) dataset) is an annual, 1 x 1 km 
gridded product of surface elevation change rate derived from Cryosat-2, IceSat-2 
and Nasa ATM flights. The time resolution of the data that is input to the dataset is 
higher than annual, and a trend line is fit to the data within each 1 x 1 km square and 
the annual values extracted from this. This processing is done by Khan and not done 
in our paper. The processing that is done in this paper is to extract the mean of the 
Khan values that lie within the polygons we have constructed. We’ve edited the 
relevant paragraph (now section 2d) to make this clear. 

 
Line 128 (data sources): “latest ArcticDEM image...”: Perhaps some of this becomes clear in 
the methods, but I’m having trouble working out how it can be a single ‘latest’ image, that 
also covers the most advanced and retreated position, and that also covered the full extent 
of the tidewater glacier. Presumably you needed at least two images per glacier and picked 
images acquired closest-in-time to when each glacier was at its most advanced or retreated? 
The same goes the AeroDEM. I think you should clarify which ArcticDEM dataset was used 
here – the strips or the mosaics, and at what resolution? I think ArcticDEM begins in 2007, 
so if I understand correctly, you have an 18-year period (1988-2006) with no surface 
elevation observations – at least, that is how it appears from the short statement in the data 
sources section, which is one of the reasons I suggest rethinking that section.  
 

- We have three datasets here: AeroDEM (dates vary depending on region but in 
range 1978-1987), surface elevation change rates from 1995-2020 (Khan, 2017) and 
2m ArcticDEM strips (dates from 2007 but we only use the latest available strip). 
Therefore, for every glacier in our dataset, we have at least a single DEM in the 
period 1978-1987 (AeroDEM) and a single DEM from around the past 5 years (the 
latest available ArcticDEM strip). We can use these 2 DEMs to linearly interpolate for 
the surface elevation at any time between the DEM acquisition dates (this obviously 
assumes constant surface elevation change rate). If we require the surface elevation 
outside of the time between the 2 DEMs, we extrapolate using the same constant 
surface elevation change rate. If we additionally have surface elevation change rates 
from Khan (which we don’t have for every glacier due to incomplete spatial coverage 
in their data) then we can replace some of the constant surface elevation change rate 
in the linear interpolation with the Khan data. We hope this is now clear. You are 
correct that for some glaciers (those without Khan data), we use no surface elevation 
observations between the date of the AeroDEM and the latest ArcticDEM strip. We 
could have used multiple ArcticDEM strips to improve the temporal resolution here, 
but the temporal variability in the ice thickness has only a small impact on the frontal 
ablation. Variability in frontal ablation is really driven by the length of terminus 
advance or retreat, rather than the much smaller and slower change in the ice 
thickness of the terminus region, and furthermore uncertainty in the bedrock 
elevation dominates over the possible change in ice thickness (see next response for 



a specific example of this). We have revamped the section in question (now section 
2d) and hope this is all now clearer.      
 

Line 255: Careful with “ice surface elevation” vs “ice surface elevation change”. As written, 
it’s not clear which you have from Khan (2017).  
 

- We changed the wording to clearly differentiate between surface elevation and 
surface elevation change.  

 
Use of ArcticDEM and AeroDEM: I have some concerns about the direct use of these 
datasets. The ArcticDEM is an excellent product, but I do not think that the strips are 
georeferenced sufficiently well nor erroneous height measurements sufficiently well removed 
to use the strips as-is in a straight DEM differencing. I am not familiar with the AeroDEM, but 
these may suffer from similar imperfections. In this case, the thickness changes may be a 
small fraction of the volume and mass change of the glacier, given the small integration 
area, but that should be quantified – if you applied no thickness changes, how would that 
affect your measurements? Nevertheless, I don’t think it is justifiable use the raw strips and 
you should either perform some corrections on the strips to remove erroneous data, remove 
vertical biases and ensure proper alignment, or you should use some alternative elevation or 
elevation change dataset.  

 
- These are excellent points – thank you for the attention to detail. We’ve got two 

related responses here. Firstly, as a quick check we compared ArcticDEM and 
AeroDEM by randomly sampling bedrock area (5-20 points per glacier); across all 
glaciers in the dataset, the mean difference is 4.4±20.6 metres, suggesting there are 
not huge biases or offsets in the DEMs. Secondly, our feeling is that the huge effort 
(data volume, time, expertise) of performing corrections on the DEM strips would 
simply not be justified due to the very likely limited impact on the results. To give a 
concrete example, consider that Helheim has a rough ice thickness of 700 m, and a 
bedrock elevation uncertainty of approximately 70 m (Table S1). Even if a DEM is out 
by 20 m systematically, this is much smaller than the bedrock elevation uncertainty 
and only approximately 3% of the ice thickness. Plus, the frontal ablation varies by 
roughly +/-100%, the vast majority of which can only be due to terminus position 
change (Figure 5). As such, we do appreciate the suggestion but respectfully suggest 
it is not worth the investment in this particular case. 

 
A related but straightforward question: Are the AeroDEM and ArcticDEM relative to the same 
geoid?  
 

- Yes, all datasets are referenced to the same ellipsoid.  
 
Line 269: “the SCR is” – can you clarify where the SCR comes from in this case if no Khan 
(2017) data are available.  
 

- This section has now been rewritten (see response to comment above). 
 

Line 276: can I check that you ensured that the ice surface and bed topography data were 
relative to the same geoid?  
 

- Yes, again, all datasets are referenced to the same ellipsoid (see above comment).  
 

Line 279: this point is only really relevant to Jakobshavn Isbrae up to 2003 - when 
calculating the volume of floating ice, how did you determine the ice thickness?  
 



- In fact, we did not account for the fact that the front of Jakobshavn Isbræ was floating 
before 2003. Thank you for pointing this out. Since the concept of frontal ablation is 
rather different for a floating ice tongue compared to a grounded glacier, we have 
decided it is best to remove our estimates for Jakobshavn Isbræ before 2003. This is 
stated in the paper in the product description section [Lines 103-104]. 
 

In this section, you draw on a range of datasets with very different spatial resolutions. Can 
you clarify which datasets were up or downsampled and to what resolution, in order to 
perform these steps?  
 

- It’s now stated in section 2d that we resampled the datasets to the BedMachine v4 
grid (150 m resolution). Depending on the initial resolution of the data (given in Table 
1), this is either an up-sampling or a down-sampling. 

 
 
Methods – uncertainty quantification  
Line 316: statement re ice density uncertainty is repeated on line 314  
 

- We removed the statement in line 316.  
 
Line 326: a 30 meter error for the delineated part seems acceptable, but some of the 
polygons contain long segments that were extrapolated, not delineated. I think that it would 
be worth retaining information about the length of the extrapolations and incorporating that 
into the error estimate somehow. Alternatively, you could erode your polygons by 1 or more 
pixels and calculate the resulting change in area.  
 

- The extrapolated terminus traces tend to be near the lateral boundaries of glaciers 
where the ice is thinner, so that the impact on the frontal ablation is likely to be 
limited. Perhaps more convincingly, note that while the total error is time dependent, 
for simplicity we use the maximum error at any point in time (see end of section 2f), 
plus we use the centerline bedrock error as representative of the full terminus region. 
As such we feel the error calculation is already quite generous and the additional 
complexity of adding an error estimation for the extrapolated terminus traces would 
change the errors rather little. We hope the reviewer is convinced by this rationale. 

 
Equation 9 and preceding text: shouldn’t this just be the root-sum-square of the mass 
uncertainties at t1 and t2? Where the mass uncertainty is the root-sum-square of the 
uncertainties in the length, width and thickness estimates at each time.  
 

- This is a subtle point – apologies that we did not make this clear in the manuscript. 
You would be correct if the errors in width and thickness were random, but they are 
systematic (because we use the same digitised fjord walls at times t1 and t2 and the 
same bed topography at times t1 and t2). Put another way, if we assumed the 
thickness error was random, there would be a term 𝐿!𝑊!∆𝐻! in the errors, but it 
doesn’t make sense for us to account for the bedrock error over the full trunk of the 
glacier (L) when most of that full trunk is still there at the next timestep and the 
terminus mass change only depends on the bit that has retreated. In light of the 
systematic nature of these errors, we found the most logical way to consider them to 
be imagining purely the block which is the difference between V1 and V2 and doing 
the error analysis on that block. We have however now accounted for the error on the 
width of that block (which is after all the same sort of delineation error as for the 
terminus positions). This has been made clearer in the manuscript in [Eq. 8; Lines 
370-371].  
 

 



As written, the thickness uncertainties are not described (at least not here). They should 
account for the uncertainties in the reference surface elevation, surface elevation change 
between the reference time and measurement time, and bed elevation.  
 

- We added an equation (Eq.9) to explain the calculation of ice thickness uncertainties. 
 

Results  
Paragraph starting line 360: it would be nice to see a comparison of the long-term average 
discharge and long-term average frontal ablation for all of the glaciers combined and 
individually, either/or as numbers of a graphic. There are some glaciers listed here that don’t 
appear in the top contributors list of Mankoff et al. (2020), so the inclusion of mass change 
owing to terminus advance/retreat is clearly affecting the picture of solid freshwater export 
from the ice sheet, but it would be great to put numbers on that. This would really support 
the statement on line 374 that include terminus changes increases frontal ablation – I’m sure 
it does, but you should use your dataset to demonstrate it.  
 

- We included a figure to show the combined total frontal ablation estimates vs 
Mankoff et al (2020) discharge to highlight the point made by the reviewer (Figure 7). 
You can see that the frontal ablation does exceed the discharge, particularly in the 
early 2000s when there were big retreats of glaciers such as Helheim. For a glacier-
by-glacier perspective, see Figure S3, where it is seen that the frontal ablation 
exceeds the discharge for almost every glacier (this has to be the case unless the 
glacier has advanced). The new Figure 7 and Figure S3 are now referred to in the 
text. 
 

Line 373: does this imply that including terminus position change does not affect frontal 
ablation on longer time-scales? As with the above point, including the numbers somewhere 
in the main text will demonstrate it either way.  
 

- Good question – no, the frontal ablation exceeds the ice discharge over longer time 
periods too. The new Figures 7 and S3 demonstrate this, see also response to 
previous comment.  

 
Line 397: “values which have to be summed…” – since you have a time-series of terminus 
area, you could directly calculate the difference between some appropriate terminus at the 
start and end of each decade, then you wouldn’t have to accumulate the errors through time. 
I appreciate that is not the ‘product’ being published here, but it would be a fairer 
comparison. Writing this made me realise that the comparison with Kochtitzky et al. (2023) is 
also quite difficult because termini can move quite quickly over short times, so there is no 
such thing as a decadal average terminus position change – it will always be a comparison 
of snapshots at two times, regardless of how far apart they are. With that in mind, it might 
just be worth comparison your termini with theirs, as that is likely the largest source of error.  
 

- We are not sure we agree that the comparison is difficult – although termini can 
move quite fast, the key point about frontal ablation is that it is the sum of the ice 
discharge and the terminus mass change. Suppose a glacier has a mean ice 
discharge over 2000-2010 of 10 Gt/yr. Suppose we calculate the terminus mass 
change using terminus traces on 1 January 2000 and 1 January 2010 and find 0 
terminus mass change (if the terminus is in the same place). But then suddenly on 2 
January 2010 the glacier loses 1 Gt in a single huge calving event. If we had used 
the trace on 2 January 2010 we would have an additional 1 Gt of terminus mass 
change, but in terms of frontal ablation over the 2000-2010 period this only adds 1 
Gt/10 years = 0.1 Gt/yr, which is small compared to the ice discharge. Therefore, the 
sudden large calving event doesn’t strongly impact the frontal ablation. So we think 
you can have a “decadal average terminus position change” (or at least a change 



rate, which is what the frontal ablation cares about), and that this is a meaningful 
quantity – although the terminus position can change within minutes, the impact over 
the decadal timescale is muted by the fact you are averaging over 10 years and 
adding it to the ice discharge. The only time this would go wrong is if you had a 
slowly flowing glacier that had a sudden huge retreat, but this doesn’t tend to 
happen, at least at grounded glaciers. 

- Secondly, although we could calculate the decadal mean frontal ablation using 
terminus traces separated by a decade, we would get the same answer as summing 
up our three-monthly differences, so we don’t think the suggestion would make a 
difference. Hopefully the reviewer is convinced by this rationale. 

 
Line 408: I can’t quite work out what you mean by “spatial variability between observations” 
in this context. Is this to aid comparison between glaciers at some point? Can you rephrase 
this?  
 

- Thanks - we added a second sentence to clarify [Lines 479-481]: “Delineations from 
multiple operators can introduce uncertainties due to the subjective interpretation of 
glacier termini in satellite images.” 

 
Line 404: “any tidewater glacier” in Greenland or anywhere globally?  
In this list starting on 405: don’t you also need surface elevation change data and 
discharge?  
 

- The processing chain can be adapted to be applied globally – this has been added 
[Lines: 473-475]. 

- We agree that solid ice discharge is needed to derive frontal ablation estimates using 
this processing chain and added it to the list.   

- Surface elevation change data is slightly less critical because most of the variability 
in frontal ablation comes from the terminus position change rather than the thinning, 
but we have already included “surface elevation data” in point 3 and believe this 
covers it. 

 
Conclusion  
 
Line 420: it is good to see a statistic here, but from the data presented in the manuscript, it is 
hard to evaluate how representative or whether it is an extreme case that occurred at one 
time on one glacier. It would be great if you could quantify how much the inclusion of 
terminus position change affects frontal ablation for each glacier and all glaciers combined 
over seasonal, annual and longer time-scales.  
 

- We added Figures 7 and S3 to the manuscript and refer the reviewer to our 
responses on those points. We have also added more detail to the text here. 

 
Technical corrections  
Line 165: comma after “Here”  
 

- Changed as suggested. 
 

Line 184 and line 194: geolocation of georeferencing?  
 

- Changed to georeferencing. 
 

Line 188: 1986-present. Check correct because the data and abstract show 1988-
2018/2020?  
 



- The maximum temporal coverage of the dataset is from 1987-2020, however the 
temporal coverage is dependent on each glacier. This should be clearer now with 
Fig. 6A. We also ensured that the correct temporal coverage is referred to throughout 
the manuscript.  
 

Line 381: odd use of brackets in the citation  
 

- We amended the sentence. It now reads [Lines 446-449]:   
“When comparing glaciers that are included in both studies, and calculating decadal 
mean values from our dataset, we find that for both periods the majority of our 
estimates (>50%) are within 0.2 Gt/yr of the uncertainty boundaries of Kochtitzky et 
al. (2023; Fig. 6B, 8; Table S2).” 
 

Line 383: remove “however” and replace comma with semi colon (I think…)  
 

- The sentence has been removed during editing.  
 

Line 442: check the unit on “terminus mass change” in the glossary and elsewhere  
 

- We checked and amended the manuscript where necessary to ensure that the 
correct units are used. 
 

Figure 4 caption: “m2 is to the right of the normal n” – it is when viewed from that 
perspective, but can you be certain that is always how it is being implemented in the code 
when you have glaciers flowing in different directions? Would the central flowline be a useful 
reference point from which to determine direction here?  
 

- We manually checked that the code works for all glaciers in the dataset no matter in 
which direction they flow.  

- The intersection point (previously mid-point) of terminus delineations corresponds, to 
some extent, to the central flowline.  

- It is not quite clear to the authors how choosing a different, yet similar line, as a 
reference would enhance the dataset or the processing chain.  
 

Figure 8 and equivalent panels in the SI: I find the lines in this panel very hard to read at 
100%. Can you make them thicker and produce the plot at the intended display size, if you 
aren’t already? The max error text is also impossible to read at 100 %.  
 

- We changed the line colour and thickness in Figure 8 (Now Figure 5) and 
supplementary plots (Figs S4 -S54) to make them easier to read.  
 

Figure 9: check for font size consistency  
Figure 9: are the circles representing 14-20 % identical? I cannot tell the difference.  
 

- We changed Figure 9 (now Figure 6) to make the results clearer. 
 

Figure 10: Perhaps it’s personal preference, but I think this plot would be clearer if you (1) 
included the difference between the estimates and (2) sorted the glaciers according to that 
difference (or sort by frontal ablation magnitude).  
Figure 10: I find the bars quite hard to see – could you make them wider by using up some 
of the white space between glaciers?  
 

- We changed Figure 10 (now Figure 6) after comments from reviewer 2 to maps. 
- This should show the difference of frontal ablation estimates for each decade 

between Kochtitzky et al. (2023) and this study more clearly.  



 
Figure S4: This may be more than a technical correction. I was surprised to see a glacier 
included that did not include discharge, given the contribution of discharge to frontal ablation. 
I would recommend removing this glacier and others like it, or perhaps including them 
separately somehow. 
 

- We removed the glacier from the dataset. 
 


