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Response to Anonymous Referee 2

Alexander Pietak, Langwen Huang, Luigi Fusco, Michael Sprenger, Sebastian Schemm, and Torsten
Hoefler

Dear Colleague. Thank you for taking the time to provide a review of our submitted manuscript, submitted on 14 Mar 2025.
We are pleased your review is supportive of our work and we are of course happy to response to points raised and revise the

manuscript accordingly. Please find below answers to each of the comments you have made.

General Comment 1): I'd like to see more justification/explanation for different experimental choices. It’s not clear to me why
certain compressor choices were made for different experiments. For example in 3.2., the text says that Listing 1 led to "good
results". Based on what? Was it optimized somehow? Then bitrounding is used for one variable later on. Also why is the
comparison between psit and 7fp? Can sz3 only used within psit? Can zfp not be used within psit as well on the grids? I would
think zfp could be more effective than jpeg ...

Response: Thanks for pointing out, we have made the following adjustments in order to improve clarity and answer your

questions:

For the configuration of psit we added an ablation study, of which the main findings can be found in Table 1.

We originally added bitrounding to have another comparison in the perturbed wind fields section, but we have removed

it as it is not the major focus of this experiment.

Currently psit only supports either JPEG 2000 and SZ3, in the future it could be expanded to also support ZFP.

We now added SZ3 as another comparison in the experiments.

General Comment 2): It is not always clear why a specific amount of compression was chosen.

Response: Thank you for pointing this out. In the experiments we present a range of different compression ratios in order for
the reader to gain an overview of how psit behaves in different situations. We improved the manuscript in order to make these
intentions more clear.

General Comment 3): Many of the figure and table captions could be improved with more text / explanations.

Response: We went though all the figures and improve their respective captions.

Comment 1): Line 286: Why is sz3 used for pressure? Did other approaches not work for this variable? Were other approaches
superior to sz3 on the other variables?

Response: Our experiments showed that JPEG 2000 generally leads to lower errors except for pressure where it was SZ3. Our

results indicate that this has to do with the overall lack of smoothness in the pressure variable.
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Table 1. Ablation study for psit on the tra_20200101_00 trajectory file. For different configurations the file is compressed to a
compression ratio of around 20 after which the RMSE error for the different data variables is considered. If we then pick the lowest value
for each error column we can figure out the optimal configuration. It consists of using JPEG 2000 with delta encoding for all data variables

except pressure where SZ3 with no delta encoding should be used, additionally we should use XYZ color encoding.

RMSE

Configuration
lon-lat p TH PV

JPEG 200, no color, no delta  0.283 3.45 0.270 0.0942

SZ3, no color, no delta 0.613 1.59 0.256 0.116
JPEG 200, no color, delta 0.161 2.12 0.170 0.0768
SZ3, no color, delta 2.38 1.95 0.197 0.162

JPEG 200, XYZ color, delta 0.118 — — —

Comment 2): Line 337: Not all lossy compressors result in Gaussian error distributions. Please see Peter Lindstrom’s paper
from 2017 (https://www.osti.gov/servlets/purl/1526183)

Response: Thanks for pointing this out. We have reworked this experiment, by also including other compression algorithms.
Our goal is to emphasize that most errors are concentrated at 0. You may find an updated version of the distribution plot in Fig.
1.

Comment 3): Line 336: Why did you choose a factor of 30?

Response: We chose 30 as it struck a middle ground in the compression range that we explored. We now examine compression
ratios of 2.5 and 15 in order to diversify this.

Comment 4): Line 351: Why did you choose to use bitrounding on the wind field? Bitrounding was not mentioned previously,
so it feels like a surprise.

Response: Thanks for pointing this out. As bitrounding was not the major focus of this experiment and distracted from the
comparison, we have taken it out of the manuscript.

Comment 5): Line 374-375: For bitrounding, the lossless compressor that it is paired with can make a big difference (e.g., the
newish Pcodec, or Pco, compressor can be quite an improvement). Which lossless method was used here?

Response: Sorry for the confusion. For bitrounding no lossless backend was used, as we do not use it as a compression baseline,
but as a method for creating perturbed wind fields. We take the original wind fields and apply bitrounding to them, after this
we trace trajectories on these bitrounded wind fields and compared them to trajectories (starting at the same locations traced
on the original wind field) which have been compressed by psit. We have removed bitrouding from this experiment as is was
not a major focus and distracted from the comparison.

Comment 6): What versions of zfp and sz3 did you use? For 7fp, it looks like you used the absolute tolerance mode (hence the

"tolerance" in the tables in the appendix), but this is not specified.
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Figure 1. Error distribution based on values for the tra_20200101_00_permuted dataset. We compress with compression ratios of
2.5, and 15. The area of the densities have been normalized and the x axis is cropped to 5 standard deviations of the psit distribution for all
cases, except pressure with 2.5 times compression where it is 1 standard deviation. The data variables are pressure (p), potential temperature

(TH), and potential vorticity (PV).

Response: We have added this information to the manuscript. For ZFP it is pyzfp v0.5.5 (which wraps ZFP v0.5.5) and here
we are using the fixed-accuracy (tolerance) mode. For SZ3 we are using version 3.2.1 in the relative error mode.

Comment 7): Line 441, re: "..the input data trajectories need to be uniformly distributed.” : How common is this in practice? |
don’t have a sense on whether this requirement is restrictive or not.

Response: Thank you for pointing out. We have updated the manuscript with references to related work in which showcase
different initial distributions. Examples for global uniform distributions would be (Stoffels et al., 2025; Sprenger et al., 2017,
Bakels et al., 2025). Examples for local uniform distributions would be (Pérez-Mufiuzuri et al., 2018; Wendisch et al., 2024).
A third type of initial condition (which are outside of psit’s scope) are non uniform distributions examples for this are (Keune
et al., 2022; Schielicke and Pfahl, 2022; Dey et al., 2023).

Comment 8): Section 4.2 (3rd paragraph): There is a lot of existing work that argues that simple metrics are not sufficient for
evaluating the effects of lossy compression on weather and climate data. At least some other work should be cited. Here are a

few earlier works that come to mind:
— Baker 2014: doi:10.1145/2600212.2600217

— Baker 2016: doi:10.5194/gmd-9-4381-2016POPPICK2020104599
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Table 2. The minimal and maximal values for the different data variables of the tra_20200101_00 file.

Data variable Minimum  Maximum
Pressure 32hPa 974 hPa
Potential temperature 256 K 559 K
Potential vorticity —980PVU 66 PVU

Table 3. The minimal and maximal values for the different data variables of the tra_20200101_00 file.

Data variable Minimum Maximum
Pressure 0hPa 1500 hPa
Temperature 182K 313K
Potential vorticity —21 Km?kg™'s™' 30Km%kg 's™!
Specific humidity 0kgkg ! 30kgkg ™!

— Poppick 2020: doi:10.1016/j.cageo.2020.104599

Response: Thank you for pointing this out, we have now integrated this into the manuscript during the introduction of Section
3.

Comment 9): Tables BI-B6: I don’t particularly care for the choice to scale some of the values by 100 (indicated by a "*’). It
makes it harder to glance down the column. Maybe use more digits or round or ?

Response: Thanks for pointing this out. We have switched to a scientific notation style in the tables, which makes them more
easily readable.

Comment 10): Table B2-B3: "appears to be related to how ZFP works". Can you provide a more meaningful explanation?
Response: This arises from the grouping into the different "bit planes”" that is done by the embedded coding strategy of
ZFP. Different tolerances lead to the same grouping and therefore to the same compression behaviour. We have added this
explanation to the manuscript.

Comment 11): Flgure 12, 13: Have you considered normalizing these error metrics for plotting so that the y-axis extents could
potentially be the same for each error metric across a variable?

Response: We have added normalized versions of the errors as well as PSNR plots to the manuscript. You may find the
normalized error plots for the tra_20200101_00 dataset in Fig. 2.

Comment 12): I'd like to know what the min/max values are for the variables that are being compressed so I have an idea of
what an error tolerance of 20 means, for example.

Response: We have added two tables which display the minimum and the maximum for the different variables of the two

trajectory files we consider. You may find them in Tables 2 and 3.
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Figure 2. Data variable normalized error comparison between psit, ZFP, and SZ3 for the tra_20200101_00 and
tra_20200101_00_permuted files. The L1, RMSE, and L-infinity errors are normalized and compared to the achieved compression
ratio for the central angle error (lon-lat) and the other data variables (pressure (p), potential temperature (TH), and potential vorticity (PV)).
In the plots the shaded area for ZFP and SZ3 corresponds to the range in compression performance between the two files. Note that psit

performs the same for both, therefore, only one line is plotted.

Comment 13): Appendix data. There is a lot of data in the appendices (especially B) , which isn’t necessarily a problem, but
it should be there for a reason (i.e., referred to with some discussion in the paper or appendix itself). And the volume makes
it harder to make meaningful comparisons. For example, for tables Bl and B2, what is interesting to me is to compare the
error values for psit versus zfp at factors/tolerances which yield a similar compression ratio. So, listing psit with factor 25
next to zfp with tolerance 2.0 is informative because both yield a compression rate of 10. That helps me consider which is
better quality-wise for the same data reduction. Also I'm skeptical that the amount if compression in the lower rows of these
tables (e.g., Bl and B2) is something that would ever be used in practice for climate and weather data, but feel free to argue
otherwise.

Response: Thank you for bringing up this concern. We made sure that every item in the appendix gets referenced in the text.
Our goal is that we have the plots which can be used to make comparisons between the different compression methods and the
tables come into play if one is interested in the exact values. We include the smaller compression ratios in order to provide a

broader range of compression scenarios.
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Minor Issue 1): Consider using the same block font for psit that you have used for zfp, sz3, jpeg2000, etc.
Response: We have switched from the block font to a normal one for all mentioned names.

Minor Issue 2): Line 250: Awkward phrasing

Response: Thanks for pointing this out. We rewrote the mentioned section also incorporating the point you have brought up in
comment 8.

Minor Issue 3): Line 251: "ZFP" is in a block font in other occurrences in the paper

Response: We have resolved this.

Minor Issue 4): Most (if not all) opening quotes appear to be backwards (e.g., line 118)

Response: We have fixed the backward opening quotes.

Minor Issue 5): line 156: "denotes if" => "denotes whether"

Response: We have replaced it.

Minor Issue 6): Figure 5: consider making this caption more descriptive

Response: We have reworked the description to describe the process in the figure more detailed.

Minor Issue 7): Figure 16-18: color bars are not labeled

Response: We have added the label "Density".
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