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This study by Doan et al. presents the use of a S k-means clustering as a better
alternative for climate and atmospheric science to clustering data than traditional k-means
methods. This study introduces a novel framework to identify uncertainty within clustering
methodologies and said framework introduces a methodology by which researchers can
compare different clustering techniques with each other in a way that doesn't require a
ground truth dataset to exist by which to compare results to. The study presents the
methdology in an excellent manner that seems like it would be easy to replicate/apply to
future studies.

S k-means is a useful technique that adapats SSIM techniques, traditionally used in image
comparison analysis, to be applied to climate data. It is an improved technique, compared
to the traditional distance metric comparisons, as this takes into account both spatial and
temporal differences in datasets. This manuscript does a good job at summarizing the use
of the aforementioned techniques with respect to three example tests for typical climate
situations in which clustering is used. However, this manuscript lacks in the discussion and
summary sections. The manuscript needs to emphasize more as to the usefulness of this
new uncertainty framework compared to current available methodology. The results are
well explained, but there is a lack of discussion about how this brings a significant change
to current techniques/how this improves current understanding and techniques. 

1. Table 1 provides a nice summary of different metrics compared between the different k-
means models used in the study. In the text, the mean and standard deviation are
mentioned from the table, however, the other metrics are not mentioned at all other than
in passing. The Shannon metric needs to be explained more and some presentation of the
data should be given in the text to give the reader some context as to its meaning and
how it is used in this study.

2. Many references from the text are missing citations. Please check over the references in
the paper to make sure all are cited, here are a few that I found that were not cited:
Jancey 1966, Lloyd 1957, Wang et al. 2004, etc.



3. This study intends to establish both the uncertainty framework and the s k-means
methodology as a new standard for data mining in the climate sciences. While the
uncertainty framework definitely provides a new standard by which to test the usefulness
and effectiveness of different clustering algorithms against each other, no work has been
shown as to the ability of the s k-means clustering. While comparisons are shown between
the s k-means to other k-means clustering measures, we cannot objectively say from this
study that the S k-means method better captured the underlying structures within the
data compared to the other k-means models. A more comprehensive case study would be
needed, rather than the short test cases, that applies the methodologies to a known
problem that has a ground truth that can be compared back to.

4. The use of 3 different test case scenarios to test the uncertainty framework was a great
idea and well presented. It gives good insight into how this methodology can be used in
the wide-array of applications in climate science.

5. Lines 370-374. This question of applying the framework to see whether data is suitable
for clustering is a much more novel approach and useful to the science than comparing
the initializations. There are many other methodologies and ways to get suitable
initializations for clustering and help datasets to converge on useful clustering.

6. Lines 370-374. It is tough to say with respect to WPs that clustering my be ineffective.
WPs present a lot of uncertainty compared to other types of climate data, so without care
as to what is being analyzed/searched for in the data, uncertainty analysis may present
false positives for datasets that would not be suitable for clustering. This isn't a problem
with the methodology, the authors do note that these are inherently a data issue, which
this methodology does not take into account. The authors could do to make note of similar
situations in the manuscript for those who would use this method in the future.

7. Some figures need revision, specificaly figures 3, 4, and 5. In Figure 3, the silhouette
score charts are very small compared to the WP plots. Make them a similar size and make
the text size more legible. Figures 4 and 5 have the silhouette score charts inside of the
other figures. There is far too much going on inside these figures as it is, and adding the
silhouette plots inside here makes it more cluttered and confusing to understand. Move
them outside the plots and enlargen them.

Minor notes:

Lines 72-74: Rephrase the wording, it is confusing in this state.

Line 75: Remove ".It is" and use because to join the two sentences into one for better
flow.



Line 125: Should cite the SSIM technique (Wang et al. 2004)

Lines 158-160: What's the interpolation method used?

Line 238: Could explain cluster realization better/earlier. Explaining it in this sentence
while also introducing a new concept could cause confusion to the reader.

Line 239-240: What do you mean by partition set? Is this the same thing as the cluster
realization?

Line 246: What do you mean by weakness? Is it related to the randomess you discuss in
the next few lines?

Line 297: Change tense of "were" to "are".

Line 316: What does "completed by C K-means" mean? Is it a typo?
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