18. P503-504 — | think the explanation of the effects of illumination is a bit long-winded and
repetitive. | think you can say (much more simply and quickly) that illumination is important
and that the area you chose to focus on is not really affected by changes in illumination

Thank you for pointing this out, we have cut down and refined the explanation of the effect of
illumination.

19. P504, L10 - | disagree with your statement regarding what Figure 4c shows. This figure does
not say anything about the effects of shadows — what it shows us is that in the specific area,
there is minimal variation in velocities. You may choose to infer from this that shadow has
minimal effects, but the figure does not ‘clearly’ show this in its own right, as you suggest.

We agree that we do infer this rather than demonstrate this, and the wording has now been altered
accordingly to make it clear that we are assuming this instead of “clearly showing this”.

20. P504, L12 — do you mean Table 1 rather than Figure 1?

Yes this has been updated accordingly (Table 1 is now Table 2)

21. P504 - I'm a bit disappointed not to see a more detailed analysis of velocity patterns across
the study area — surely the value of the approach is to produce a detailed, distributed data-
set. In which case, it’s a shame not to discuss it more. I’d also like to know more about how
good the method is in reproducing real velocities.

See the response to comment 16. Additionally we have included the citation to our new Cryosphere
paper which is purely an ImMGRAFT results paper, which we now reference in the text and link to in
the general comments.

22. P505, L9-11 — it would be preferable to explain the section about the ability to use lower-
quality cameras earlier on, rather than here in the conclusions.

Similarly to the next comment we have added this explanation of the low quality camera to section
4.3.1

23. P505, L17-19 — I don’t know why you start discussing filters and signal-to-noise ratios here.
This material should appear much earlier on. Conclusions are where you summarise what
has gone before, not introduce new material.

The filtering discussion has been moved from the conclusion and added the filtering discussion to
the velocity calculation section 4.3.4.

24. P505, L25 — | am disappointed that your approach does not account for inaccuracies in
DEMs. | understand that in your case, this is not relevant as you were fortunate to be able to
get a DEM at exactly the right time. However, for most applications, this will not be feasible.



Given you claim that ImGRAFT is flexible and user-friendly, | think you need to consider the
implications of DEM accuracy more fully, so that other users can apply this tool.

This is always a challenge with terrestrial time lapse feature tracking and one that does not have a
simple solution. If you want to achieve quantitative estimates of velocity a good quality DEM is
essential input, as are good quality images.

We do mention, briefly one simple method of dealing with DEM uncertainties (section 4.2), and have
now expanded this to provide a clearer description.

Whilst we appreciate that in many cases an perfect DEM is not available we believe that providing
solutions for inadequate input data is beyond the scope of this paper and the direct functioning of
the toolbox, as each case must be handled individually.

25. Figure 2 — I think a lot of work is needed to improve this. | have mentioned in various places
above that there is a mismatch between what is mentioned in the text and what is
mentioned in the figure. There are even more examples of this. You mention ‘rock template
match’ in the table, but this does not appear in the text. Instead, ‘template match rock’
appears on L3 of P502 — is this the same thing? Presumably it is, but you need to be
consistent with your terminology. Similarly, there is no mention in the text of the ‘optimise
secondary camera’ phase. What does this mean? | thought you were using imagery from a
single camera. Further, you mention ‘master camera’ in the figure but not ‘model camera’.
Are these the same? It is fundamentally important that the text of your manuscript should
track the boxes in this image, so that the figure is actually useful.

See earlier comments. This figure has now been completely remade and the text has been updated
accordingly throughout. We have now split the figure into the four main sections and added a
specific table (table 1) to describe the key terms. We thank you for your suggestions and comments
with regard to this and hope that our changes to the figure and text have made it more cohesive.

Technical corrections
1. P493, L16 — remove ‘be’ after ‘otherwise only’.
Corrected.

2. P493, L22 — ‘a own’? Not sure what you mean here. Do you mean ‘our own’?
Corrected.

3. P493, L23 — comma after ‘rectified’.
Corrected.

4. P497, L12 — | would say that section 3.2: ‘DEM preparation’ is part of the methodology.

We originally didn’t include the DEM preparation as part of the method, as we only discussed
ImMGRAFT specific processes in the Method, however we have now changed this and now clearly split
the method section into two main parts, which now include the image and DEM preparation as pre-
processing steps and then the second part for only INnGRAFT processing.



5. P498, L13-15 — you say that on a surface where melting occurs, ‘it is important to consider the
effect on the accuracy of the result’. However, you’ve said virtually the same thing in the previous
sentence. There’s therefore a bit of repetition here which could be removed and tidied up.

Thank you for pointing this out, we have reworded and tidied up this section.

6. P499, L10 — insert ‘is” between ‘previously’ and ‘caused’.
Corrected.

7. P500, L17 — ‘and to and reduce’ doesn’t make sense. | think you just need to remove the second
‘and’.

Corrected.

8. P501, L22 — remove ‘are’ from after ‘regions’.
Corrected.

9. P504, L17 — ‘then’ instead of ‘then’ after ‘Table 1. ..’
Corrected.

10.P504, L20 — | don’t understand how an error of 5 cm d-1 when the velocity is 60cm d-1 equates to
an error estimate of 7%. Surely it’s 12%?

Sorry for the miscalculation, this has now been removed and individual error estimates are given in
table 2 for each velocity estimate.

11. P504, L21 — what is the point of the ‘(or < 10)’?

This has been removed.
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END OF AUTHOR COMMENTS TO REVIEWER #1

Author comments to Reviewer #2 on begin on next page:



Author Comments to Reviewer # 2

Thank you very much for taking the time to provide a complete review of our methods paper.
Reviewer 2 makes many useful comments and highlighting some key areas of potential confusion.

In response to reviewer 1 comments we believe that we have updated the manuscript in a way that
answers both reviews. One particular aspect that reviewer 2 highlights, which is not raised by
reviewer 1, is the need for a clearer schematic of the “features”. In response to this we have
included a new figure (see figure 2 attached) that illustrates the “features”, which we define as
templates. We have also added a small illustration of our crevasse filling technique that follows the
DEM preparation, again providing a more visual aspect to the paper. We believe that these additions
along with the updated flowchart and the definitions table have significantly improved the usability
of the paper for potential users. As reviewer 2 quite rightly suggests, our code and online INGRAFT
documentation is likely to be updated through time with addition of new features and examples, as
IMGRAFT develops within the user community. Nevertheless we hope that our updates have made
the paper a more useful guide for potential users.

Anonymous Referee #2
Received and published: 16 November 2014

In my view the paper presents very useful tool not only for glaciers velocity and mass balance
measurements, but for many other Natural processes related to moving masses (solifluction,
permafrost development/degradation, land slides, etc.). There can be many technical questions to
the authors. However, since there is supposed to be a manual on-line, | am, personally quite
satisfied by the present technical details and support publishing the paper in GID and later in Gl.

The problems | have and can expect from other readers are as the following:

1. ldo not see clearly what are the “features” automatically recognized by the package and
used as the reference “points” for velocity estimations. A lot is described about the
shadows, crevasses, and so on — but would be useful to see closer (enlarged area from the
photographs) example(s) of a “point” (rock) on a glacier surface with corresponding area
around, and how same looks like at a next image. There is aslo additional transformation of
such recognized “features” into “spaced grid”. How this transformation looks like relative to
the actual features (rocks) at the glacier surface? The reason for asking this is to give
possibility to a reader to evaluate if such image processing procedures can be useful in his
particular application, not necessary related to a glacier surface change. Figure 3 does not
allow this.

Thank you for highlighting this point we have updated the text and figure. We achieve this in the
form of a new figure that provides an overall visual schematic illustration of the “templates” and
how they are used in the “templatematching” process. We have also significantly updated the



flowchart, so it now includes all the key functions and is clearly split into the separate processes. The
flowchart also corresponds much closer to the text now. We have also included a new table of
definitions which we hope will add a more detailed description of these key variables.

”r

2. The vectors of such “points”’ movements are the results of vertical (melting) and horizontal
(glacier flow) displacement. Both results in change of the shapes around reference “points”.
Some scheme/example of this multi-step transformation from a distance calculated from the
images to the surface velocity of the glacier would also be helpful (with the same aim as in
1). Logically this are the procedures between “Rock template match” and “Template match
ice” at Figure 2 — the most important part of the paper for a glaciologist.

We have updated the flowchart figure to include more details about the specific processes and
in this case the “Templatematching” is used in two key processes in the toolbox. Firstly to
determine the camera motion caused by external factors like wind and thermal expansion. In
this case we track stable features like bedrock to determine this motion (note that this was
previously referred to as “rock template match”). Secondly the “templatematching” is used to
determine the displacement of the ice (for example). We have updated our description of each
use of “templatematching”, and hope this has reduced the ambiguity of the terms. To avoid
further confusion the use of “Rock template match” and “template match ice” terminology has
been removed and instead we have added a clear description of the specific use of
“templatematching” to the new definitions table.

3. lunderstand the complexity of defining velocity for such calculations. It shown in Table 1
that the velocity was calculated always comparing image b with image from 17 Jul 2013 (this
is “Master image”). Not clear how all the images listed in Table 1 are related to the August
25 DEM (are they?). Also, it is not stated but look like we cannot compare, say, image from
22 Jul 2013 and 27 Jul 2013. Quite a limitation, because the velocity can change day by day.

Thank you for raising this area of confusion with regards to the possibility to compare different
image combinations. We can compare any possible combination of images (not listed in the table)
and are not limited to comparing every subsequent image to the “master Image”. We have now
updated the error calculation section and the results section to include a clearer formulation of the
role of the Table. The Table only lists the images and image pair combinations that we used to
estimate our error and which are presented in the velocity field in figure 4. This is not a full list of all
the images that we can compare. We hope that the updated description in the text clarifies this.

In conclusion: The technical details of image processing can be cleaned up infinitely. | would not be
surprised if in couple years the routines of an updated version of Im-GRAFT would be very different
from what is described now. However, for successful use of the software by others, at least in the
first paper describing the suite, there should be some simple illustrations in “human eye” language
of what can be used from the images as reference points and what can be expected limitations.

Thank you for your final comments, we agree with the comments above and have now included
some more schematic illustrations to aid in the explanation of the toolbox along with the updated
flowchart, which we believe has much improved the manuscript.
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New Figures:

1: Updated flowchart:
2: DEM smoothing snapshot

3: Templatematching template schematic
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