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Answer letter to the reviewers' comments

Aiko Voigt on behalf of all authors

First of all, we would like to thank both reviewers for their sincere interest in our work and
their very helpful remarks, which have motivated us to substantially revise the paper. We
are confident that our revision answers the comments in a satisfying manner, and hope
that our revised paper will be acceptable for publication in GMD. In particular, we have
adapted the introduction and the conclusion (now named discussion and conclusion,
section 6) to better carve out the motivation for our new method, and to characterize its
strength and limitations. We have also added a new section 5 to compare TriCCo to
alternative methods based on graphs. We have also made some smaller editorial changes
to increase readability, and have changed figure 11 so that the connected components are
now ordered by size (which we think makes the figure somewhat easier to read). When
submitting the revised manuscript we intend to also submit a tracked-changes version
(assuming this is possible at GMD) to help the reviewers to quickly spot our text changes.
In the following, we describe our changes in response to each reviewer comment in more
detail.

Reviewer 1:

General comment: "One major issue puzzles me. I apologize if I've just missed something
obvious. The content of this review focuses on this issue. If I've missed something
obvious, simply explain and that will be sufficient. If my point is substantial, then I'd like
the revised manuscript to state clearly at the outset that alternative, much more efficient,
methods exist to solve the problem of finding connected components of a triangulation.
Again, the text itself is well written, and even if I'm right that the particular problem of
finding connected components is much more efficiently done using standard graph-
theoretic means, I suggest the text be published to document this cubulation procedure in
case it is of use in other contexts."

Answer: Thank you, we agree that other graph based approaches exist. This is now clearly
stated in the introduction, and also has motivated us to include the new section 5. In this
new section, we compare TriCCo in particular to a graph-based approach using the
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NetworkX library. We find that notwithstanding the cubulation step, which is expensive,
the actual connected component labeling is faster in TriCCo. However, this comparison
remains limited, and in the reworked discussion and conclusion section we now point out
this limitation. We also would like to stress that while the cubulation step is expensive, its
relative cost is slow as it only needs to be done once for a given grid; it also seems the
cubulation step could be accelerated relatively easily by someone with more computer
science expertise. These points are made clear in several places of the revised manuscript
(e.g., section 6, abstract).

Specific comment 1: "1. According to Table 2, the most expensive part of the workflow by
a large factor is the cubulation."

Answer: As written above, it is important to remember that the cubulation needs to be
done only once, and so its relative cost decreases strongly as more time steps or
simulations with the same grid are analyzed.

Specific comment 2: "As a smaller issue, the figures and text imply the triangulation
needs to be geometrically regular so that the index scheme works. Is this a true
constraint? That is, will this method not work for geometrically unstructured triangular
grids?"

Answer: Yes, the reviewer is right here. Our method cannot handle general triangulations
of the sphere, as the construction of the hyperplanes requires that each vertex has six
triangles. We now state this limitation in the conclusion sections.

Typos: Thanks! We have corrected them, as well as others that we found during the
revision.

Reviewer 2:

Comment: "While I enjoyed reading through the manuscript, the authors are not
particularly convincing about how their algorithm is an improvement among other simpler
and more efficient methods."

Answer: Yes, this was a weak point of our original manuscript. We have reworked the
introduction to better describe why we have developed TriCCo and why we believe it
represents a useful addition to the connected component labeling problem. The latter
point is also made stronger in the discussion and conclusion section. Furthermore we have
added a new section 5 to compare TriCCo to graph-based methods using breadth-first
search. In this section we find that TriCCo compares well, but we also point out the
limitations of this comparison in the discussion and conclusion section (section 6).

Comment on "Connectivity": "The authors seem to engage in a bit of circular logic to
justify their approach: “Because [triangular meshes] are unstructured, neighbor relations
are not self-evident and identifying connected components is challenging. Our method
addresses this challenge by involving the mathematical tool of cubulation.” But the
method itself doesn’t actually address this challenge since the connectivity information
needs to be known a priori to build the cubulation."

Answer: We believe this was a misunderstanding due to our unclear writing. Of course the
adjacency information must be available also on the triangular grid. The advantage of the
cubic grid is that the adjacency information is directly encoded in the cube indices. This is
now written clearly in the revised introduction section and the revised discussion and
conclusion section.

Comment on "Connected Components": "While the authors have clearly shown that the



cubulation can be used to identify connected components, no significant effort has been
made to compare and contrast their approach with other simpler, robust and efficient
algorithms from the literature."

Answer: Thanks, we agree that this was a shortcoming of our paper. In the revision we
have added a new section 5 to attempt such a comparison, even though we admit in the
discussion in section 6 that our comparison might be biased by the choice of external
libraries (cc3d versus NetworkX). As a consequence, we stress that in section 6 that
cannot and do not intend to claim that TriCCo beats existing algorithms, but rather that
our message is that that TriCCo works with reasonable speed (apart from the cubulation
step) and provides a new approach to connected component labeling on triangular grids."
We have included He et al. (2017) as a reference.

Comment on "Robustness": "While the authors emphasize early on that their study is
focused on unstructured meshes, the only examples given in the text are structured
triangular meshes (i.e., isometric grids consisting of equilateral triangles). Is this
algorithm applicable to common refined triangular grids used in atmospheric science, such
as those depicted in Figure 1?"

Answer: Thank you, this is an important point. Our method can be quite easily extended
to the global ICON grid and to regional refinements, but general triangulations cannot be
handled. We now devote a new paragraph in the discussion and conclusion section
(section 6) to clarify this point.

Changes independent of the reviewer comments:

Fig. 11: We have now sorted the connected components according to their size so that the
largest connected component corresponds to the color with value 1.

Benchmarking: We have redone the benchmarks on the new DKRZ Levante system. The
previously used Mistral system was decommissioned in May 2022. The numbers do not
change substantially.

In section 3.3., L318-322 were an old spurious textblock that we now removed. Also, the
caption of Fig. 8 was changed as "make_cubical_coordinates" was an old outdated
function name and actually needs to read "compute_cubulation".

The TriCCo version for the revised paper will be 1.1.0. The zenodo archive will be updated
accordingly, as well as the pypi package.
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