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General comments

The manuscript presents a new method (based on data compression techniques) to
compare the complex structures of different S-wave tomography models quantitatively.
The methods used in this paper separate information (e.g., depth-wise) into different
components. The authors put significant effort into the manuscript to demonstrate the
usefulness of this method, as seen by the many figures, description and analysis.

Generally, I find the method interesting; however, I am sceptical about its overall
usefulness. Without a clear understanding/quantification of resolutions in these
tomography models, I don't see why we need data compression techniques to decompose
and then reconstruct the original tomography models (by considering some principal
components). This may remove real signals from some tomography models (as only a
limited number of components are considered). I understand that these methods, in
general, can help to reduce the noise, but this requires a very good understanding of the
resolution, as stated before. Nevertheless, this method can be used as a complementary
method to other existing methods (such as k-mean clustering). On some existing
platforms (e.g., SubMachine or IRIS EMC), different models are comparable by being
projected on the same grid and corrected for different background models. Probably
taking all these methods together will help us to better understand and compare these
models. 

Specific comments

I am worried that the couple of [%] which are not captured by the PCA/Varimax
method contain crucial information and are not simply noise (e.g. L. 195). In my
option, the small scale (and intermediate) structures/features are the interesting parts



of the models to investigate. Hence, the method is suitable for looking into the large
and intermediate scales but then why not "simply compare the models" to account for
the small scale features? I'd appreciate that if authors can explain this in the
manuscript. This will significantly help the readers to understand the usefulness of the
proposed method.
I am not sure I understand the reasoning behind simplifying the tomographic model in
the last step/after the inversion. The model is already a smooth/simplified version of
the actual Earth structures. I think regularization is a safer method to remove "noise"
from tomography models as it is, at least, informed by the measurements. The
PCA/Varimax method does this as a "postprocessing". I am wondering why we need
this postprocessing step?
Maybe the easiest way to show the usefulness of this method is via synthetic tests?
e.g., a synthetic global model that consists of large/intermediate-scale features as well
as small-scale features. These small-scale features are generated via a stochastic
process (noise), or they are real (but again, small-scale) structures. What would
different components of PCA show? Can we reconstruct the small-scaled features?
(This comment does not require any action/changes for this manuscript.) You describe
in L.59 that you did not consider using P-wave models because the agreement is more
limited between those models. New global P-wave models have a good agreement with
existing S-models, also in the lowermost mantle. Maybe for your next analysis, you
could consider including more "agreeable" P-models?
In Figure 2, why does the PCA method show the LLVPs and the Varimax shows ridges
and cratons. Why does it not capture structures at the same depth? What is the x-axis?
Maybe I missed this part, but how do you handle different background models of the
tomography models (e.g., PREM, IASP91, AK135, or even 3D background models)?
How does this change PCAs? Is this being taken care of as you normalize the data
(remove the mean and divide by standard deviation)?

Technical comments

Text:

Some parts in "5.2 Geophysical interpretation" are hard to follow (e.g. L. 301/302). I
would suggest expanding the figure captions, including more descriptions of the
observations, and pointing out the interesting features in the figures (e.g. with circles,
arrows, etc).
L.29-44 These two paragraphs can be shortened. I found them confusing since terms
like "slices", "signal", and "load" were used in relation to the method explained later. In
the methods section, it is much clearer what these terms refer to.
Please state in Table 3 that the depth ranges/numbers are in [km].
L.21/22 how large is large-scale, and how small is small-scale? 
L. 396 probably not necessary to have another subtitle.

Figures:



I could not find Figures E1-9. It seems to me Figures D1-9 were mislabeled in the text?
D1-11 (L. 334) should be C1-11 in the text? 
The figures have a high resolution, and one can see more details when zooming in.
Nevertheless, some figures could be larger/rearranged, e.g. in Fig 6 and 8. The depth
slices could be as big as the vertical profile. For instance, the space between the depth
slices in the Figure BX series could be reduced. 
Figure 1a is missing the depth information.
Figure 4 needs a colour bar to understand the range of the residuals compared to the
original and reconstructed models.
Figure 5: I understand that the different colours of the graphs correspond to the same
as in Figure 2. Nevertheless, a legend would be helpful.
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