jsmetrics v0.1.1: a Python package for metrics and algorithms used to identify or characterise
atmospheric jet-streams.

Response to Editor

Dear Editor,

We feel we have dealt with the changes suggested by the two reviewers. This includes a substantial
amount of work which we have put into updating jsmetrics’ documentation and the text and figures
in the manuscript to alleviate concerns raised by the reviewers. The jsmetrics software has been
updated to version 0.2.0 since the initial submission and a range of detailed examples of use cases
has been added to the online documentation. Specifically, we have added 450 lines of text and 3,412
words to the documentation (available here: https://jsmetrics.readthedocs.io/en/latest/) since version
0.1.1.

It is worth highlighting at this point, that we have also moved over to using daily resolution data in
figures instead of monthly resolution. This has resulted in changes to those figures, although the
difference is rarely substantial.

We now respond individually to each specific reviewer comment.

Response to Reviewer #1

We thank reviewer 1 for their time and effort in giving thorough feedback to our manuscript. We
have found your comments very helpful, and we hope these have gone towards improving the
manuscript significantly. Please find our response to your comments below.

General Comments:

Reviewer: Overall, the manuscript is close to being in a publishable form. It is well written, and the
software presented appears to address a legitimate need in the larger community. I especially
appreciate that they lay out a process for the expansion of the software into a tool that might really
serve the community well.

Author Response: Thank you for this comment.


https://jsmetrics.readthedocs.io/en/latest/

Reviewer: “I have mostly minor concerns, the largest of which is the lack of demonstration of a
nontrivial element of the software. The authors do not give any motivation for this omission,
although it could be justified. Still, it left this reviewer with the impression that either the
manuscript or the package was a bit incomplete without some acknowledgement or demonstration
of the full capabilities of the software. See more detailed comments about this below”.

Author Response: We acknowledge this concern and we have, in conjunction with preparing
revisions to this manuscript and edits to the documentation, motivated the lack of demonstration of
a non-trivial element of the software within the manuscript. Firstly, since the original submission,
we have invested a significant amount of time working on various detailed worked examples in the
online documentation (find these here: https://jsmetrics.readthedocs.io/en/latest/usage.html), to help
onboard any of prospective users and provide a framework for using the package for wider research
purposes. For this, we have also now providee examples for every metric currently included in the
package, and these are available in the form of Jupyter notebooks from

https://github.com/Thomasjkeel/jsmetrics-examples.

Secondly, since our original submission, we have also been in a process of preparing a manuscript
using jsmetrics on the outputs of the CMIP6, and as part of this we have now released some of the
‘analysis runner’ scripts (which you ask for later into your review) which have helped us run
jsmetrics in batch on JASMIN. These scripts are available at:
https://github.com/Thomasjkeel/jsmetrics-analysis-runner. However, we would like to note that we
have not yet found time to provide these scripts with a level of documentation that we have for the
jsmetrics package itself (as of Oct 2023).

Reviewer: “Another larger concern is the authors do not provide a rationale for which packages
were chosen for the initial release. This is easily remedied, but it does make evaluation of the
completeness of the package difficult. At present, there are several metrics broadly used by the
community that are left in the "Future Work" section (1able 5) which might greatly increase the
usefulness and adoption of this software. A more thorough justification of which metrics were
implemented before first release (which, by extension, helps explain why some were not) would
alleviate these concerns”.

Author Response: We agree, and so have made changes to the text (lines 76-77) to included a
rationale for which packages were chosen:

“These have become the initial set of metrics included based on firstly, their ease to implement into
Python, and secondly on their relative popularity in the wider literature”.

Reviewer: “Finally, a suggestion for the authors, which they may freely reject, is to consider more
quantitative ways of evaluating the discrepancies between metrics. Given the present manuscript
generally only compares broad patterns/trends seemingly drawn from visual inspection of the
figures, there is not much that can be robustly concluded from the comparisons done here. I
recognise that the purpose of the manuscript is more about the software than its application, but
perhaps a more robust and consequential application would make the software more attractive to
potential users.


https://github.com/Thomasjkeel/jsmetrics-analysis-runner
https://github.com/Thomasjkeel/jsmetrics-examples
https://jsmetrics.readthedocs.io/en/latest/usage.html

Author Response: Thank you for this suggestion, we have made some edits to the text that
consider the quantitative discrepancies (mean and IQR) between the metrics. These changes are
made on: lines 271-278, describing Figure 2; lines 348-356, describing Figure 5+6.

Reviewer: One suggestion in this vein is to compare the results of a metric against quantifiable
parts of its definition to demonstrate how the definition of a metric may explain discrepancies
across metrics. This is an important part of identifying structural uncertainty -- identifying its
primary source. The manuscript at present raises this question and posits some answers, while
some more rigorous answer of the question would be possible with minimal additional analysis. I
think this would be a nice addition to the manuscript, but the authors may legitimately determine it
is out of scope. If there are concurrent efforts to do this kind of extension as a separate work,
perhaps they could be detailed more in the conclusions”™.

Author Response: Thank you for your suggestion, although we hope in our above response we
have provided a suitable alternative to this. We decided against focusing on an analysis of the
quantifiable part of an individual metric’s definition because, as Dr Manney highlighted in her
review, this sensitivity analysis is often done in developing the original methodology, and further, it
may not be entirely and uniformly possible for each metric. We have thus deemed it to be out of the
scope of our intention with this manuscript, unfortunately.

Specific Comments:
Reviewer: Line 11: "Each of these..." subject-verb agreement

Author Response: We have since removed this sentence from the manuscript because of comments
made in Dr Manney review to include more description of the results and findings of the paper.

Reviewer: Line 50: Perhaps some mention should be made that these metrics focus entirely on
tropospheric jet streams

Author Response: Thank you for this suggestion, it was perhaps not very clear that all metrics we
focus on tropospheric jet streams exclusively. We have added: “The jsmetrics package, introduced
in this paper, focuses exclusively on metrics for tropospheric jet streams” (lines 61-62).

Reviewer: Line 53: While generally true for the existence, not always the case for variability/forced
response. See Menzel et al. 20109.

Author Response: This is a very good point, and thank you for pointing us in the direction of this
research. We have edited the text to highlight this debate (lines 49-53):

“While eddy-driven processes tend to produce jet features that are deeper and more variable in
their location and strength, thermally-driven processes produce jet features that are more shallow,
narrow, and less latitudinally variable (Harnik et al.,2014; Lachmy and Harnik, 2014; Madonna et
al., 2017; Menzel et al., 2019; Stendel et al., 2021). The position of the thermally-driven processes



are connected to the edges of the Hadley Cell it, although recent work suggests this only a loose
connection (Menzel et al., 2019)”.

Reviewer: Line 63: Suggest rephrasing.
Author Response: Thank you for your suggestion, we have rephrased this to (lines 65-66):

“So it is important that we are able to assess uncertainties involved in representing the jet streams
in data, and further, to know how they are responding to climate change (Gulev et al., 2021; Lee et
al., 2019)”.

Reviewer: Line 65: Suggest rephrasing to improve clarity and specificity. Something like
"Understanding how jet streams operate between seasons, between phases in climate oscillations,
and in response to human activities could enable projections about the regimes of (extreme) surface
weather across timescales."

Author Response: We have updated the text (lines 65-67)

Reviewer: Line 73: One general comment - it would be helpful to get some more justification from
the authors about the specific methods used in the initial release. What was the motivation for
including the methods that are here and not some of the ones mentioned which are planned for
future implementation? Whether methods were chosen based on an assessment of their relative
importance or relative ease of implementation, or some combination of these or other factors would
be helpful to be aware of. In particular, there are some important but more complex methods which
are not yet implemented (e.g., jet latitude index, local wave activity etc.) and the reader is left to
assume about why they were not implemented in the initial release. There is a clearly a lot of
resources invested into the metrics included, and some discussion of the strategy for choosing this
would be warranted

Author Response: We thank the reviewer for their suggestion and have now made amendments to
the text to include a justification of which specific methods were included in the initial release. As
we chose these based on relative ease of implementation, we hope to have made this clear in the
text (lines 76-77):

“These have become the initial set of metrics included based on firstly, their ease to implement into
Python, and secondly on their relative popularity in the wider literature”.

Reviewer: Line 81: suggested rephrase: "approaching understanding" -> "understanding"

Author Response: Done (line 86).

Reviewer: Line 90: suggested rephrase: "However, by isolating lower-level winds, these methods
may miss aspects of jet streams whose eddy-driven components do not extend throughout the
atmospheric column within the method's given time window."



Author Response: Thank you, we have edited this text (lines 95-97).

Reviewer: Line 101: suggested rephrase: "so they can be used"

Author Response: Done (lines 107-108).

Reviewer: Line 110: suggested rephrase: "so they are less appropriate”

Author Response: Done (line 116).

Reviewer: Line 124: It may be worth noting that use of the meridional circulation index itself is
highly debated (see Barnes 2013). Also consider referencing Blackport and Screen 2020, Blackport
et al. 2019 to capture both sides of the debate

&
Line 125: suggest rephrasing (run-on)

Author Response: Yes, we agree, and in accordance with comments made by the other reviewer,
we have updated the text to include a more detailed discussion of the debate around jet waviness
from lines 129-137. Regarding the additional references we have added these in our note of the
debate in lines 135-137.

Reviewer: Line 135: suggested rephrase: "they provide relatively more detail"

Author Response: Done (line 147).

Reviewer: Line 142: suggested rephrase: "these methods can discount the influence of multiple jet
streams..."

Author Response: Done (line 156).

Reviewer: Line 147: Perhaps another limitation of threshold-based metrics is that they may not
operate properly in climate regimes very different from the present (e.g., RCP8.5)

Author Response: Thank you for your suggestion. We have included this further limitation of
threshold-based metrics to lines 157-160:

“Furthermore, they may also underestimate positions of the jet cores in different seasons, in
climate regimes different from the present (e.g. SSP5-8.5), and within different phases of the given
climate oscillations (e.g. Woollings et al., 2010; Madonna et al., 2017; Manney and Hegglin, 2018;
Manney et al., 2021).”



Reviewer: Line 170 Perhaps xarray's interoperability with netCDF and GRIB data formats could be
advertised.

Author Response: Thank you for this suggestion, we have updated the text to include a mention of
this (line 190):

“The package is built using xarray — an open-source Python package for working with labelled
multidimensional arrays that has become a popular package for Earth Science research (due to its
ability to interface with NetCDF4 and GRIB data formats; Hoyer et al., 2023)”.

Reviewer: Line 180: In general I think this design choice is a good one, but it does come with
trade-offs which might be acknowledged/mitigated. One concern with this design choice is the
atomization of code which can make maintenance and readability more challenging as it requires a
maintainer or reviewer to search through many potential code paths. A small example from the
codebase. Jsmetrics.metrics.jet_statistics_components.get_atm_mass_at_one_hPa is essentially the
same function as calc_atmospheric_mass_at_kPa but does a basic unit conversion prior to the
calculation (i.e., divides by 10). The granularity of the component functions has some trade-off with
the eventual or actual reusability, and how flexibility in the codebase is implemented is something
to keep in mind or even potentially discuss further at this junction.

Author Response: We thank the reviewer for this suggestion. This philosophical decision can
make up for an awkwardness, we now appreciate although it is justifiable, it requires a lot more
documentation than was earlier provided. Which has been made clear by the comments by Dr
Manney. In response to this, we have made substantial edits to the documentation provided online
and in the code. In the manuscript we have added some new information to highlight potential
limitations of using flexible base function (lines 201-205):

“Unfortunately, this flexibility requires making all base functions as simple and one-use as
possible, which has sometimes led to a decrease in readability. For example, it became necessary to
keep some base functions more specific, which may make some of these harder to use, without a
familiarity with the package nor more advanced Python knowledge. We hope to have alleviated any
loss of readability, with the use of more verbose naming conventions throughout the package and
detail in the individual method’s docstrings”.

Reviewer: Line 255: This explanation requires some clarification. Based on Table 1, the Barnes
and Simpson method is the only one that is not using an interpolation to a higher resolution. The
others are using parabolic/quadratic/cubic interpolations. Yet the way this sentence currently reads,
it sounds as if Barnes and Simpson's interpolation scheme is somehow what makes it different from
the others. If this is not intended, please clarify. If this is the explanation, it is unclear to me how the
quadratic interpolation scheme is different enough from the others to cause such a discrepancy.
Also I think Table 1 should then include some mention of the interpolation scheme if it is significant
enough to cause such variation between metrics. It seems to me, based on Table 1, an alternative
explanation might be the altitude utilized for jet identification. Figure 5 backs up this interpretation
- when Barnes and Simpson is run on the same levels as the others, it perform much more
consistently with the other metrics. This is discussed in the paragraph following the explanation,



but it is currently not clear how these two explanations are connected, or it seems as if the
difference in pressure levels is a second-order explanation rather than first-order.

Author Response: Thank you for highlighting this issue. To resolve this, in conjunction with
comments made by the other reviewer, we have adjusted the text to remove this original
explanation, and instead broadly highlighted the differences arising from the data inputs (pressure
level and region) (now lines 279-282). We would also like to note that we have moved from
monthly data to daily data, so the interpretation of this figure we originally provided is now not
valid, and as such, we felt it may not be in the scope of this section to cover discrepancies arising
from the method’s interpolation strategies

Reviewer: Line 255 (cont.): I think a lot of my confusion here could be cleared up by more careful
language enumerating exactly which metrics are being discussed. If the constant referencing of
different metrics becomes cumbersome, you may consider abbreviating each metric name in Table
1. Maybe something like BP15, BP13, GP17, etc. I leave that decision up to the authors, but I think
having a small, concrete label for each algorithm might help with clarity overall.

Author Response: Thank you very much for this suggestion, we have made changes throughout the
text to include new metric codes (e.g. W10, BP13, BP15, etc.), which we hope make it clearer
which metric is being discussed.

Reviewer: Line 260: However, there is generally good agreement between Bracegirdle 2018 and
Barnes and Polvani 2013, one of which uses a single level and the other does not, so I'm not sure
this blanket explanation works for all algorithms. I think focusing the explanation on the largest
discrepancies is best. Alternatively, consider plotting statistics as a function of the input
parameters, such as variance as a function of altitude or resolution. This would then very clearly
support any explanations regarding discrepancies between metrics.

Author Response: As we mention in our responses above, we have changed the interpretation of
this figure in this section, so we no longer highlight agreement of the methods based on
single/multi-level data inputs (new analysis provided in lines 279-282).

Reviewer: Line 299: I notice there is not currently a demonstration of the jet waviness metrics,
which makes me wonder a bit about their inclusion into the software. I recognize there are only two
at present, which make comparison difficult, and these are likely the more complex algorithms to
implement of all of the included metrics. Still, perhaps some application to the cold wave event in
4.2 which features a prominent trough could at least display jsmetrics capabilities. Otherwise, it
feels like they should be left in the future work column if they are not complete enough to get even
some (possibly trivial) scientific result from. My opinion is a bit mixed here, as in general I don't
want to suggest much additional analysis, but I think doing a bit more with these is worth the
authors' consideration.

Author Response: Thank you, we have now addressed this and made figures to represent the two
waviness metrics included in jsmetrics in Figure 4 (see below). We have edited the text to include
an interpretation of this figure in lines 325-329. We acknowledge that this may be a relatively,



trivial example of their use to diagnose the Texas Cold wave, although we hope to have alleviated
your broader concern for their omission originally.

Francis & Vaus (2015) Cattiaux et al. 2016
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Figure 4. A comparison of jet waviness during the Texas Cold Wave event between 12:00 11th-19th
February 2021 as estimated by two waviness metrics available in jsmetrics. The metric from
Francis and Vavrus (2015) is a mean of MCI calculated for each 6 hour time step between 12:00
11th-19th February 2021. When MCI is 0, the wind is purely zonal, and when MCI is 1 (-1), the
flow is from the South (North). (Data: ERA5 climate reanalysis product; Hersbach et al., 2020).

Reviewer: Line 327: The Figure caption notes that each time window is centred on the same time,
but it might be nice to include a description of the temporal window selection in the main text as
well.

Author Response: Thank you for this suggestion, we have now made edits to the text to include
this note about the temporal window selection (line 367).

Reviewer: Figure 7/8: One consideration which should be made here is the choice to use a contour
plot for what is essentially categorical data (jet detected/not detected). Contour plots will
interpolate between grid points in ways that may distort the underlying data when it is discrete
instead of continuous. While the authors may find compelling reasons to keep the figures as they
are, please at least consider using a grid-coloring map (i.e., pcolormesh) instead of a contour plot
to avoid generating details which may not be present in the data. An exception here may be the 8-
day counts in Figure 8. I'm not familiar enough with the post-processing technique used here to
know whether the counts should be discrete or continuous, although I would generally expect
counts to be discrete.

Author Response: Thank you for this suggestion, you make a good point. We have changed the
figures from a contour plot to ‘pcolormesh’ now. This makes changes to Figure 3, 7 and 8. For



Figure 8, the 8-day counts includes data that is continuous (as we fit a Gaussian filter over the
counts), so we have kept the plot as a contour plot.

Reviewer: Line 347: Does the estimation of latitude from jet core algorithms use any interpolation
to higher resolution as is common with the jet statistic algorithms? I think whether this is done on
native resolution or a higher one should be explicitly stated; it may play some part in their overall
discrepancy.

Author Response: Yes, we use the native resolution of the data in each case for the jet latitude
estimation of the winds from the jet core algorithms. We agree it was an oversight not to mention
this, and we have updated the text to highlighted this (lines 389).

Reviewer: Figure 9: The text states (349) that Barnes and Polvani 2015 produces a single estimate,
however it appears here to have a PDF. There are no colors corresponding to Barnes and Simpson
or Bracegirdle; I suspect that their colors appear together as the grey vertical line. However,
Barnes and Simpson should have a PDF, so I think there is an issue with the legend here. And if two
metrics do fall at exactly the same location, please come up with a better way to distinguish them or
perhaps make a note in the text, it is somewhat confusing as currently displayed.

Author Response: Thank you, this was an oversight in the original manuscript that has now been
fixed (see new Figure 9 below). Also, we now include a note in text to help readers distinguish the
values between the methods returning a single estimate of jet latitude over this time frame: ACO08,
BS17 and B18 (lines 391-392). BP15 should produce a PDF.
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Reviewer: Line 361: is this analysis runner available to package downloaders? I could not find it in
the repo. If not, why not provide some helpful scripts, perhaps pared down versions of the ones used
for this work?



Author Response: Development work was still continuing on the analysis runner during the time
of the original submission, but this has now been completed (in conjunction with another
manuscript on the North Pacific Jet we have been preparing). We are happy to release this code, and
have done so now (find the code here:
https://github.com/Thomasjkeel/jsmetrics_analysis_runner/tree/main).

However, we have not found time to provide it with a level of documentation that we have for the
jsmetrics package itself (as of Oct 2023).




Response to Reviewer #2

Dear Gloria,

Thank you for your giving your time to provide feedback for our manuscript. You have provided
very helpful comments and suggestions, and these have gone a long way towards improving our
manuscript.

Please find our response to your comments below. In this response, we hope to have addressed both
changes to this manuscript, and changes to the jsmetrics online documentation (with which we will
provide before and after screenshots throughout this response).

General Comments:

Reviewer: Recommendation: I raise some questions about the maturity of the jsmetrics
package/documentation and thus the current suitability for publication in GMD. Substantial
revisions and clarifications in the manuscript, and improvements in the code documentation, would
be needed before publication.

Author Response: We recognise your concern here. We had originally thought that the package
had been sufficiently developed for publication. In light of both your, and the other reviewers,
comments, this was not the case. Since our submission, we have invested significant effort into
providing more complete online an in-code documentation and introduced new usage guidelines
with examples. Each of these will be highlighted in this response using before and after screenshots.

We also hope to have made substantial clarifications in the manuscript that you call for here,
especially around the approach we take to introduce and describe the content of the package.

Reviewer: “After reading the paper, installing (via pip, so presumably latest stable version as of
late July 2023) and trying out the package, and looking at the documentation both on GitHub and
the site given in Keel (2023), I have several reservations about this package as it now stands
regarding its maturity,its interpretation and implementation of some of the methods, the frugality of
the information returned by the package, and the opaqueness of the documentation and usage
guidance”.

Author Response: We appreciate these reservations about the package at the time of your review.
Since then, we have invested a lot of time dramatically improving docs (hosted at:
https://jsmetrics.readthedocs.io/en/latest/index.html). Below, we provide screenshots of the
documentation at version 0.1.4 (Published 8" August 2023) and then again at version 0.2.0
(Published 14™ October 2023). We note that, the original manuscript describes version 0.1.1, but
version 0.1.4 included no updates since the documentation of 0.1.1.

Below we show changes to the usage guidelines and an example of the changes to the docstring of
the Koch et al. 2006 metric:

Usage quidelines updates:

Before (Screenshot is of version 0.1.4 (Published 8" August))


https://jsmetrics.readthedocs.io/en/latest/index.html

# jsmetrics

A / Usage View page source

Usage

To use jsmetrics in a project:

. code-block:: python

import xarray as xr import jsmetrics

# load windspeed data with u- and v- component wind. uv_data = xr.open_dataset(filename)

# run Kuang et al. 2014 metric k14 = jsmetrics.jetstream_algorithms.kuang_et_al_2014(uv_data)

Kuang et al. 2014 Jet-core algorithm
Q@ Previous Next ©

© Copyright 2022, Tom Keel.

Built with Sphinx using a theme provided by Read the Docs.

Current (Screenshot is of version 0.2.0 (Published & Accessed 14" October))

(
, Examples of Use
S

ics is designed to be easy to use and should integrate seemlessly with *xarray*

(Sﬂﬁﬁ|

you wish to run some of the more advanced use cases.

To run any metric in jsmetrics the syntax will be something like:

= Examples of Use

1. Using the jet statistics .
import jsmetrics

2. Using the jet core algorithms import xarray as xr
3. Using the waviness metrics # Use xarray to load in NetCDF or GRIB format data
your_data = xr.open_dataset('path_to_your_data.nc')

4. Running the jsmetrics in batch

# Run

# Run a metric on your data and store the outputs

output = jsmetrics.<jet_module=.<jet_metric=(your_data)

Jjsmetrics provides three types of metric, we provide examples for each of them:

1. Jet statistics
2. Jet core algorithms
& Read the Docs 3. Waviness metrics

Metric descriptions (docstring) updates:

N Python library useful for dealing with earth science datasets). An extensive knowledge of Python or
xarray is not required to use jsmetrics, although it will help you use the package more effectively if



Old (Screenshot is of version 0.1.4 (Published 8" August))

jsmetrics.metrics.jet _core_algorithms.koch_et_al 2006(data, ws_threshold=30)  [source]

Calculates the weighted average windspeed and applies a threshold to identify the jet. The
actual methodology uses 100-400 hPa and 30 ms”~-1 as the windspeed threshold.

weighted average windspeed = 1/(p2-p1) integral(p2, p1)(u*2+v~2)~(1/2)dp where p1, p2 is
min, max pressure level

Method from Koch et al (2006) https:/doi.org/10.1002/joc.1255
Parameters: data : xarray.Dataset
Data containing u- and v-component wind
ws_threshold : int or float

Windspeed threshold for jet-stream (default: 30 ms-1)

Returns: weighted_average_ws : xarray.Dataset

data containing weighted average ws above windspeed threshold



Current (Screenshot is of version 0.2.0 (Published & Accessed 14" October))

jsmetrics.metrics.jet_core_algorithms.koch_et_al 2006(data, ws_threshold=30)  [source]

This method follows a two-step procedure used to detect jet-event occurences (here:
jet_events_ws').

The weighted average windspeed (avel) for the jet events is calculated as follows:

1 P g
avel = ——— (u” +v°) " “dp
p2 _pl rl

where pl, p2 is min, max pressure level.

After calculating cevel, in a second step a windspeed threshold to isolate jet events (the default
is 30ms1).

This method was first introduced in Koch et al {20086) (https:/doi.org/10.1002/joc.1255") and
is described in section 2.2.2 of that study. The original methodology provides a third step (to
produce a climatology of jet events), but this has been ignored in this implementation. Instead,
we have provided an example of how to calculate this after running this method in ‘Examples’
below.

Please see 'Notes’ below for any additional information about the implementation of this
method to this package.

Parameters: data: xarray.Dataset
Data which should containing the variables: 'ua’ and ‘va’, and the
coordinates: 'lon’, ‘lat’, 'plev’ and 'time’.
ws_threshold : int or float

Windspeed threshold used to extract from weighted average (default: 30
ms-1)

Returns: output : xr.Dataset

Data containing the output variable 'jet_events_ws'



Motes

The original methodology uses windspeed between 100-400 hPa to calculated the weighted
average and 30 meters per second as the windspeed threshold.

This equation for this method is provided on pg 287 of the Koch et al. 2006 paper.

In the original paper, they accumulate the jet events into two-class jet typology (described in
section 2.2.3 of Koch et al. 2006)

Examples

import jsmetrics
import xarray as xr

# Load in dataset with u and v components:
uv_data = xr.open_dataset('path_to_uv_data')

# Subset dataset to range used in original methodology (100-4@0 hPa)):
uv_sub = uv_data.sel({plev=slice(100, 488))

# Run algorithm:
koch_outputs = jsmetrics.jet_core_algorithms. koch_et_al 2886(uv_sub, ws_threshold=38)

# Produce climatology of jet occurence events for each season and each month:
koch_month_climatology = koch_outputs.groupby("time.month").mean("time")
koch_season_climatology = koch_outputs.groupby("time.season").mean("time")

Reviewer: “(1) Of the paper types listed as suitable for GMD, the category this would fit into is
“methods for assessment of models™. The description of this paper type includes “..description of a
fully fledged software tool...”. I question whether this package can at present be considered “fully
fledged”. For example, of the 17 metrics (summing the three types) described and exemplified in
the paper, on the website, four of them are listed as complete, one as “in progress” with a note
indicating “need help”, and the rest as “to verify”. As far as I can tell (e.g., extrapolating from Fig.
1 in the paper), “to verify” means that the implementation has not yet been verified against results
from the original paper. Even if thus limited only to the approaches discussed in the paper (where
the reader is likely to assume that they have all been fully tested), I question whether this can be
considered a mature software package. I recognize that the authors are hoping to make this a
community project and entrain outside contributors, but if this manuscript is a call for participants
— without a basic foundation of mature software that is to be built upon — then I am not sure it is
appropriate for publication in GMD at the present state of maturity of the software package”.

Author Response:

In improving the documentation provided for this package, we also hope to have alleviated some of
your broader concern regarding the implementation and interpretation of the methods in jsmetrics.
We now include detail descriptions of the methods and relevant examples of their use within their
docstring (see screenshot in our previous response). We have also added a notes section to each
method which detail more specific implementation details (see example from the Koch et al. 2006
algorithm below).



Regarding the concern for metric validation, we have been able to finalise and verify 12 of the 17
included in the package as of now. We have achieved this either by producing the same results from
the original paper, with presenting the outputs to the original authors (Tim Woollings and Paulo
Ceppi), or by carefully studying the equations given in the original papers. For the remaining left to
verify, including your M11 metric, we hope to continue a dialogue with you, and take your advice
to continue reach out to other authors whose metrics we felt needed some clarification.

Example of Notes and Examples section of a metric’s docstring (Screenshot is of version 0.2.0
(accessed 14" October 2023)):

Motes

The original methodology uses windspeed between 100-400 hPa to calculated the weighted
average and 30 meters per second as the windspeed threshold.

This equation for this method is provided on pg 287 of the Koch et al. 2006 paper.

In the original paper, they accumulate the jet events into two-class jet typology (described in
section 2.2.3 of Koch et al. 2008)

Examples

import jsmetrics
import xarray as xr

# load in dataset with u and v components:
uv_data = xr.open_dataset('path_to_uv_data')

# Subset dataset to range used in original methodology (108-400 hPa)):
uv_sub = uv_data.sel({plev=slice(100, 488))

# Run algorithm:

koch_outputs = jsmetrics.jet_core_algorithms.koch_et_al_2086(uv_sub, ws_threshold=38)

# Produce climatology of jet occurence events for each season and each month:
koch_month_climatology = koch_outputs.groupby("time.month").mean("time")
koch_season_climatology = koch_outputs.groupby("time.season").mean("time")



Current Metric verification status:

Metric/Algorithm Status Metric/Algorithm Status™
Gallego et al. 2005~ To start Strong & Davis 2005~ To start
Koch et al. 2006 Complete Archer & Caldiera 2008 Complete
Schiemann et al. 2009~ Complete Woollings et al. 2010~ Complete
Manney et al. 2011 To verify Allen et al. 2012 To start
Barnes & Polvani 2013~ Complete Pena-Ortiz et al. 2013 To verify
Screen & Simmonds 2013~ In progress* Kuang et al. 2014 To verify
Barnes & Polvani 2015 Complete Francis & Vavrus 2015 Complete
Cattiaux et al. 2016 To verify Barnes & Simpson 2017 Complete
Chenoli et al. 2017~ In progress Grise & Polvani 2017 Complete
Molnos et al. 2017 In progress* Adam et al. 20187 To start
Bracegirdle et al. 2018 Complete Ceppi et al. 2018~ Complete
Kern et al. 2018 To start” Rikus 2018 In progress
Zappa et al. 2018 Complete Kern & Westermann 2019 To start
Kerr et al. 2020 To verify Maher et al. 2020 To start
Winters et al. 20207 To start Martin 2021 To start”
Bosiger et al. 2022 To start Local Wave Actvity™ In progress*

* == help needed

Reviewer: “(2) I question the distinction (and the need for one) between “jet statistics” and “jet
core algorithms”. All of these methods aim to extract basic information such as the jet latitude (and
altitude for several of them) and windspeed. For example, the method of Manney et al. (2011,
hereinafter M11; though the package is formally named JETPAC, that was not mentioned in the
first couple of papers) was based on extending that of Koch et al. to characterise the jets in the
latitude/altitude plane rather than only getting horizontal locations and vertically averaged
dynamical characteristics. But the two papers (as well as Manney et al., 2014) have very similar
aims and show very similar diagnostics (eg., frequency distributions of jet cores and associated
winds) — so why is one “jet statistics” algorithm and the other a “jet core algorithm”? I see no
need for a distinction here”.

Author Response: Thank you for your comment, we have since clarified our distinction between
‘jet statistics’ and ‘jet core algorithms’ (lines 9-12 & 25-31). We would like to again highlight that
this decision was made due to the dimensionality of the outputs. Whereas the jet statistics return a
single value, the jet core algorithms work to provide a multidimensional mask of the outputs. Our



motivation was that this would allow the user to use the mask provided by a given jet core
algorithm to extract other quantities (winds, altitude, etc.), and we have now provided examples in
the documentation of exactly this.

We have updated the description for jet statistics and jet core algorithms when they are first
introduced in the introduction (lines 9-12), and within Section 2.1 (lines 80-81) & 2.3 (lines 139-
141), to reflect this clarification/distinction.

We also have updated the online documentation
(https://jsmetrics.readthedocs.io/en/latest/metrics.html).

Current description of jet statsitics, jet core algorithms and waviness metrics in the online
documentation (accessed 16™ October 2023):

# / Statistics & Algorithms ) Edit on GitHub

Statistics & Algorithms

jsmetrics contains metrics of three types:

1. jet statistics - methods that extract a single quantity describing the jet stream (i.e. latitude,
speed, width)

2. jet core algorithms - methods that return a multi-dimensional mask at coordinates identified
to be the jet streams.

3. waviness metrics - methods that characterise the sinousity of the upper-level winds (acts as
a proxy for jet stream waviness).

For specification details of each metric's DOI and original study area please see all metrics

For progress on their completion see issues

Reviewer: “(3) Obviously, there is one method herein with which I’'m very familiar (and to a lesser
degree several of the other methods, either because mine built on them, they (apparently) built on
mine, or I reviewed the original papers. I looked closely at their implementation of the M11 method,
and I cannot from the information provided (nor from running an example of their implementation)
convince myself whether or not what they are doing closely resembles the M11 method

[...]

I’ve gone into (probably tiresomely) lengthy detail here because this case (and the difference in the
descriptions of M11 and PO13, which are very similar methods) makes me question whether there
may be other metrics for which the implementation may not accurately reflect the original method.
If I had been putting together a package of this sort, I would have contacted the authors of the
original papers and tried to verify my understanding of the metrics and what was fundamental to
them — has this been done for any of the methods? You probably would not have gotten a 100%
response rate, but many authors (like me) would have been happy to confirm the algorithm and to
support your efforts to the extent we could find the time”.

Author Response: You were correct, it was a mistake and oversight to originally include the
Manney et al. 2011 method in this manuscript, as it was the only method in the ‘in progress’ phase


https://jsmetrics.readthedocs.io/en/latest/metrics.html

of development at the time. In particular, the originally implemented code listed as M11 was just an
initial foundation and boilerplate. Since your review, we have taken care to read and re-assess the
description of M11 from Manney et al., 2011, 2014 and Manney & Hegglin, 2018.

We include a step-by-step breakdown of how we have implemented the method to Python in a
jupyter-notebook, available as part of the examples: https://github.com/Thomasjkeel/jsmetrics-

examples/blob/main/manney11 algorithm.ipynb

This method, like 5 of the 17 others in this package, will be verified with the authors of the original
metric (that is to say, in the ‘to verify’ state, we are confident that we have re-produced the metric,
but think we need some further clarification for all the outputs). As such, we hope to continue a
dialogue with Dr Manney about this implementation.

We would like to highlight that, the scope for this manuscript was to introduce the package and the
foundation it provides for researchers working on and with jet stream metrics. While there are 17 at
this time, it is likely that the package will continue to be in a relative state of continuous
development, with new methods being added and finalised over time. We hope that the
improvements to the documentation and clarification of how we have implemented the method will
suffice for the description of the software tool as it stands.

Reviewer: In the paper (lines 137—-140)I they do not list M11 in the category “(ii) in relation to
wind-speeds of neighbouring data points (local wind-speed maxima...”, but this method is
fundamentally based on first finding all local wind-speed maxima (in a latitude / altitude plane)
and then applying thresholding and other criteria. In fact, the M11 method is fundamentally nearly
identical to the Pefia-Ortiz et al (2013; hereinafter PO2013) method (the latter paper showed
internal evidence that they must have known of M11, but did not cite it), which is listed in both
categories that would be appropriate for M11. In what appears to be the primary function to
identify the cores, there is a comment saying “Core are discovered where 8-cells are above
boundary threshold... Paper uses 100-400 hPa.” The M11 method inherently operates on a slice of
the windspeed (and other fields) with a latitude-like and an altitude-like coordinate (and then is
generally run at each longitude gridpoint for each day); jet cores are identified in that
latitude/altitude plane by finding the local maxima (as points with higher windspeed than the
nearest neighbors in altitude and latitude) and testing for exceedance of the core threshold. Finding
the “edges” of the jet regions is no more complicated (or informative!) than finding the latitude
gridpoint on each side and vertical coordinate (eg, altitude) gridpoint above and below where the
windspeed drops below the boundary threshold value. Other criteria that determine whether to
consider two cores in the same “region” (that is, where the windspeed does not drop below the
boundary threshold between them) separate are latitude distance between the cores (which this
package appears to implement) and the amount by which the windspeed drops along a line
connecting the cores in altitude / latitude space (which I didn’t find mentioned herein or in the
documentation).

Author Response: We have corrected these lines and M11 has now been included in category (ii)
(now lines 153-154). As we mentioned, we have also overhauled the M11 method in the package,
and the description provided in the docstring of the M11. Below, we show a before and current
views of the M11 documentation. We now include a more verbose description of M11 and the
outputs provided, along with a note about the parameters that a user can adjust.


https://github.com/Thomasjkeel/jsmetrics-examples/blob/main/manney11_algorithm.ipynb
https://github.com/Thomasjkeel/jsmetrics-examples/blob/main/manney11_algorithm.ipynb

Before (Screenshot is of version 0.1.4 (Published 8" August))

jsmetrics.metrics.jet_core_algorithms.manney_et_al_ 2@11(data, ws_core_thresheld=40,
ws_boundary_threshold=30)  [source]

Looks to get seperate jet cores based on boundary and threshold. Core are discovered where
8-cells are above boundary threshold Paper uses 100-400 hPa.

Method from Manney et al. (2011) https:/doi.org/10.5194/acp-11-6115-2011 Also see
Manney et al. 2011, 2014, 2017 and Manney & Hegglin 2018

NOTE: Currently takes a long time i.e. 7.6 seconds per time unit with 8 plevs (i.e. 7.6 seconds
per day) on AMD Ryzen 5 3600 é-core processor

Parameters: data : xarray.Dataset
Data containing u- and v-component wind
ws_core_threshold : int or float
Threshold used for jet-stream core point {default=40}
ws_boundary_threshold : int or float

Threshold for jet-stream boundary point (default=30)

Returns: output : xarray.Dataset

Data containing jet-cores (ID number relates to each unique core)



Current (Screenshot is of version 0.2.0 (Published & Accessed 14th October))

jsmetrics.metrics.jet_core_algorithms.manney_et_al 2811(data, jet_core_plev_limit,
jet_core_ws_threshold=40, jet_boundary_ws_threshold=30, ws_drop_threshold=25, jet_core_lat_distance=15)
[source]

This method detects jet cores (within an altitude range see 'jet_core_plev_limit') and a boundary
region surrounding those cores based on two windspeed thresholds. Two checks are applied
after initial detection of cores to check whether boundaries with more then one core are part of
the same feature (the default threshold for these boundaries is 30 m/s, see
‘jet_boundary_ws_threshold'). The two checks seperate cores based on whether the cores are
more than a certain distance apart (default is 15 degrees, see ‘jet_core_lat_distance’) and
whether the windspeed between two given cores does not drop below a windspeed threshold
(default is 25 m/s, see ‘ws_drop_threshold’)

This method returns four outputs

1. jet_core_mask - Regions within each latitude-altitude slice that are local maxima and
have windspeeds above the ‘jet_core_ws_threshold’

2. jet_region_mask - Regions above, below, left and right of any given jet core with
windspeed above the 'jet_boundary_ws_threshold'

3. jet_region_contour_mask - All contigious regions of windspeeds emcompassing a jet
core above the ‘jet_boundary_ws_threshold' (i.e. not just above, below, left and right)

4. ws - Resultant wind speed calculated from ‘ua’, 'va' inputs.

This method was originally introduce in Manney et al. (2011) (https:/doi.org/10.5194

/acp-11-6115-2011"), and is described in Section 3.1 of that study. This method is also known
as the JETPAC (Jet and Tropopause Products for Analysis and Characterization) software
package, and available in its original form at request to NASA JPL.

Please see ‘Motes’ below for any additional information about the implementation of this
method to this package.



Parameters: data : xarray.Dataset

Data which should containing the variables: 'ua® and “va’ and the
coordinates: ‘lon’, ‘lat’, ‘plev’ and ‘Hme’

jet_core_plev limit: tuple or array

Seqguence of two values relating to the pressure level limit of the jet cores
(original paper uses 100hPa 400 hPa)

jet_core_ws_threshold : int or float

Threshold used for jet-stream core point (default=40 m/s)
jet_boundary_ws_threshold : int or float

Threshold for jet-stream boundary point ([default=30 m/s)
ws_drop_threshold : int or float

Thresheold for drop in windspeed along the line between cores (default: 23
m/'s)

jet_core_lat_distance : int or float
Threshald for maximum distance between cores to be countad the same
(default: 15 degrees)
Returns: output : xarray.Dataset

Data containing the four output variables: 'ws! jet_region_mask,
‘let_region_contour_mask’, and ‘jet_core_mask’

Motes

The implementation of this method varies slightly from the original, because this method wall
return a mask rather than dynamical values, the intention was to allow these masks to be used
to subset other varizbles such as windspeed (see 'Examples’ for demonstration of how to use
the mask).

There is an update ta this method introduced in Manney & Hegplin 2018 to include physically-
based method to extract the subtropical jet is identified (and thus distinguished from polar jets).

let_region_above ws threshold_mask' is provided here as a alternative to using 2 contour to
check which regions encompass jet cores.



Examples

import jsmetrics
import xarray as xr

# Load in dataset with u and v components:
uv_data = xr.open_dataset('path_to_uv_data")

# Subset dataset te range appropriate for original methodology (100-18008 hPa)):
uv_sub = uv_data.sel(plev=slice(108, 1988))

# Run algorithm:
manney_outputs = jsmetrics.jet_core_algorithms.manney_et_al 2@11{uv_sub, ws_core_threshold=:

# Use the jet core mask to extract the jet windspeeds
manney_jet_ws = manney_outputs.where(manney_outputs['jet_core_mask'])['ws']

Reviewer: 100-400 hPa is the region to which the jet core altitude is limited, but the jet regions
surrounding any core are identified at altitudes that may be above and/or below that — wherever
they occur. This procedure is described in detail in M11 and Manney et al (2014), and completely
but in less detail in Manney et al (2017, 2021; latter J Clim, DOI: 10.1175/JCLI-D-20-0947.1) and
Manney & Hegglin (2018). It is not clear to me that either the description in this manuscript and
the jsmetrics code, or the implementation in the code are doing something that is fundamentally
similar to this method.

Author Response: To account for this we have now explicitly included a parameter of the M11
method: ‘jet_core_plev_limit’ which is described in the docstring (shown in screenshots above).
This method also returns a message to the user to set this parameter to be able to run M11:

“Please provide a pressure level limit for the jet cores returned by this metric. As an example, the
original methodology uses a limit of 100-400 hPa. To replicate this, pass the parameter
jet_core_plev_limit=(100,400).”

Reviewer: Further, in lines 155—157, they ignore the update to the M11 method provided by
Manney & Hegglin (2018) (and used in all succeeding papers using the method, including Manney
et al, 2021), whereby the subtropical jet is identified (and thus distinguished from polar jets) using
a physically-based method. In the preceding lines, they also fail to note that PO13 themselves
concluded that their method for separating subtropical and polar jets did not work well; which is
consistent with the statement in Manney et al, 2014 regarding the division of subtropical and polar
jets by latitude (which they used in the one case where they did not simply analyze all the jet cores
at each longitude) being useful only for very broad climatological studies.

Author Response: We have now updated the manuscript to include a mention of only being able to
seperate Jan-Feb NH Jets from PO13 (lines 170-172), and note of the physically based subtropical
jet separation introduced Manney & Hegglin (2018) (lines 172-174). We also include a mention of
this update in the Notes of the method’s docstring (see screenshots shown in the previous
responses).

Lines 170-174:

“PO13 develop a method to distinguish between merged and separate states of the polar and
subtropical jets after the initial detection of jet cores, but were only able to separate the Northern



Hemisphere subtropical jet in Jan-Feb. The M11 method was extended by Manney and Hegglin
(2018) which introduces a physical-based identification of the subtropical jet (based on the thermal
tropopause altitude), to more robustly separate it from the polar jet.”

Reviewer: “(4) The information that is provided as the output from running these algorithms does
not include some of the most fundamental outputs. Continuing to use M11 as an example, the
fundamental output provided by M11 (ignoring their very complete characterization of numerous
other dynamical fields at the jet core locations) is not just jet core latitude, but also jet core winds
(windspeed, zonal and meridional winds), and jet core altitude (PO13, at least, also provide these
characteristics, and I presume others do as well); in M11 the characterization of the boundaries of
the jet regions is secondary information, they focus on full characterization of the jet cores. These
are all very fundamental quantities that are used in virtually all studies of jets and their trends
(omitting altitude for methods that don’t provide that — but for methods that do it is one of a several
fundamental characteristics that are expected to change with climate change, see, e.g., discussion /
references in Manney & Hegglin 2018) and in most cases (certainly for M11) these quantities
“come along” with (because they are a fundamental part of) the jet core identification /
characterisation. Thus it seems to me an important (and easily remedied) omission to not provide
these quantities in the output”.

Author Response: Thank you for your advice, and we have since developed a more careful
description of the scope and distinction of the jet core algorithms included in jsmetrics (lines 30-31
& 139-141). We have also provided more detailed usage cases in the documentation. Again, we
reiterate that the package was developed with a generality in mind, so all the jet core algorithms,
including M11, provide a mask which can be used to extract any fundamental quantities (such as the
altitude, which is inherently provided by the multidimensional mask output of the jet core
algorithms in jsmetrics). We hope to have supplemented the standardisation and usability of the jet
core algorithms, with in-code and online documentation which now details more thoroughly how
we intended these metrics to be used i.e. allowing for them to be run to extract the fundamental
outputs of their original use, as well as for a more varied use and cross-metric comparisons.

Reviewer: “(5) I find the documentation — in the GitHub project, in
https://jsmetrics.readthedocs.io/en/latest/, and in the code itself — opaque, hard to navigate, and
incomplete (though the last may be an artifact of the previous issues). Indeed, part of point (3)
above could be because I could not find complete descriptions of the algorithm as implemented for
each of the methods. Another example is the “Usage” information, which says that to run the
Kuang et al (2014) algorithm, after reading/formatting a u & v wind dataset in uv_data, you would
type: k14 = jsmetrics.jetstream_algorithms.kuang_et_al_2014(uv_data) Whereas I had to type
(syntax obtained from looking through the code): k14 =
jsmetrics.metrics.jet_core_algorithms.kuang_et_al_2014(uv_data) (I cannot find any objects with
names containing “jetstream_"). I did, finally, find some end-to-end usage examples (that have
correct syntax) by following several layers of links from the main README.rst file in the GitHub
project — this information should be in https://jsmetrics.readthedocs.io/en/latest/ (in a corrected /
expanded usage section, and either in an examples section like I've seen in other packages I’ve
installed with this format of documentation, or with the API reference information as examples for
particular metrics / algorithms)”.

Author Response: We hope that you will find that we have significantly improved the
ReadTheDocs (https://jsmetrics.readthedocs.io/en/latest/) since your review and with this we



https://jsmetrics.readthedocs.io/en/latest/

hope to address each aspect of your comments here. It was a big oversight to rush the online
documentation ready for this manuscript submission, so we hope that it is much more sufficient
now and that we have been able to highlight the changes in screenshots in this response.

We also note that we have put work into provide Jupyter Notebooks which detail a uses of all of the
jet statstics, waviness metrics and jet core algorithms included in jsmetrics (available at:

https://github.com/Thomasjkeel/jsmetrics-examples).

Reviewer: “The “all metrics” link gives a 404 error.”

Author Response: Thank you for pointing this out, we have now checked and fixed this link on the
readthedocs and Github.

Reviewer: “There do not appear to be any API-type descriptions of the “Metrics”, thus zero
guidance on how to run them; the API-type descriptions of the “Algorithms” are not complete
enough to be useful. For instance, basic information for formatting the input fields (whether the
algorithm needs one level or multiple levels; if it works on one level at a time, does it handle, and
how does it handle, multiple levels) should be given. There is also little or no information about
what the output Dataset contains in each case. There should be a full API reference that describes
each routine in enough detail that a user with basic familiarity with python can run them. (I ran
several of them, but generally had to go to source code and even then guess at some things to see
how to do that.) In the API-type information given for the “Algorithms”, the descriptions of the
methods are not clear (see discussion re M11 above), nor sufficiently detailed to know what the
implementation actually does.

Author Response: We have approached this by improving and adding a code example to the
documentation of each metric, available here: https://jsmetrics.readthedocs.io/en/latest/metrics.html.
This should hopefully meet a requirement of helping users with only a basic familiarity with Python
, to use the package and be able to interpret the method and outputs.

Reviewer: The code itself, for the vast majority of routines that actually do things (as opposed to
just set up inputs, etc) are going to be very opaque to anyone who isn't fluent in the full object-
oriented syntax / usage — that class includes many, many python users in the atmospheric science /
climate community (partly because python can be used so effectively without even getting to using it
in true object-oriented implementations). I’'m not criticizing how the code is written, but doing it
this way makes it critical to document what it actually does so the user doesn’t have to be able to
read the code at that level. (The page at the “issues” link gives descriptions of the algorithms
directly from the original papers, but nothing that shows how that is “translated” into the
implementation here. Being able to see the pseudo-code that is mentioned in the paper would be
extremely helpful as one way to do this.)”

Author Response: We hope to have alleviated some of your concern by spending a lot more time
working on the in-code and online documentation for each method as well as providing worked
examples. One major change is the minimal worked examples now available on ReadTheDocs
(https://jsmetrics.readthedocs.io/en/latest/usage.html), with explanations for each of the three types
of methods in the package. We have included figures and in-line comments to help readability and
to onboard potential users with an interested in using this package for research.



https://jsmetrics.readthedocs.io/en/latest/usage.html
https://jsmetrics.readthedocs.io/en/latest/metrics.html
https://github.com/Thomasjkeel/jsmetrics-examples

Reviewer: Further details are given in the specific comments. Altogether, the package and its
documentation appear sufficiently immature to question “announcing” it in a paper.

Specific Comments:

Reviewer: Lines 1-17, The abstract would benefit from spending less time on motivation and more
on describing the actual results of the paper (just 3/ 17 lines are devoted to what the paper actually
does).

Author Response: We have updated the abstract to include the distinction between the types of
methods introduced in this project (lines 9-12). It now reads:

“We propose that there have been three broad strategies for characterising jet streams in the
literature, including statistics that isolate a single value from the wind speed profile (jet statistics),
methods for quantifying the sinuosity of the upper air (waviness metrics), and algorithms that
identify the coordinates of fast flowing wind (jet core algorithms).”

Reviewer: Lines 26-33, See general point (2).

Author Response: We have updated the text here to clarify the three broad types and to better align
with the categorisation/modules provided in jsmetrics also (lines 25-31).

Reviewer: Lines 53-55, Should cite Lee & Kim (2003) and Manney et al (2014) in addition to
Spensberger and Spengler (2020) (indeed, much of the latter’s discussion was based on the
discussion in those earlier papers).

Author Response: Thank you for pointing in the direction of these papers, the text has been edited
to include these citations (lines 54-56).

Reviewer: Line 81, not all of these (eg, Barton & Ellis use one specific pressure level) describe the
“atmospheric column”.

Author Response: We have removed “atmospheric column” from the sentence to avoid confusion
(line 84-86) Sentence now reads:

“These metrics are generally not designed to capture individual events or general form in the jet
such as troughs or ridges, but instead to capture the general climatological characteristics of a jet
stream, such as its position and speed (Koch et al., 2006; Barton and Ellis, 2009; Rikus, 2018)”.

Reviewer: Lines 91-92, these also do not capture the behavior near the level of maximum wind
speed, see, e.g., discussion in Melamed-Turkish et al. (2018) and Manney et al (2021).

Author Response: Thank you for your suggestion and pointing us towards these papers. We have
edited the text to include mention of further limitations of the jet statistics (lines 97-98):

“They also do not capture any behaviour near the level of maximum wind speed, nor the presence
of multiple jet streams (Melamed-Turkish et al., 2018; Manney et al., 2021).”

Reviewer: Lines 93-95, how is “extracting the latitude of the jet stream as the point of fastest zonal
wind” different from setting “a value of jet latitude and jet speed for each longitude”? Are you



saying in the first statement that the maximum is found as a function of latitude and longitude?
(Note also, per comment on metrics versus algorithms, if you add “and jet altitude” the latter
accurately describes the M11 and PO13 methods, and probably others, that are categorized as “jet
core algorithms™.)

Author Response: We have attempted to remove confusion originally produced by these two
sentences. We have edited the text (line 100-101):

“Most commonly, this involves extracting ’latitude’ and ’speed’ quantities at the point of fastest
zonal wind, either for an entire study region (all metrics expect K20), or by longitude (K20)”.

Reviewer: Line 125, since this is indeed a “highly contested” topic, it might be good to cite some
papers led by other authors, e.g., Manney & Hegglin 2018 have a fairly detailed paragraph in their
introduction, citing numerous still-relevant references; Francis (2017, BAMS, DOI:10.1175/BAMS-
D-17-0006.1) would also be appropriate.

Author Response: Thank you for the suggestion. Along with comments made by the other
reviewer, we have edited this part to include more discussion on jet waviness (lines 131-137):

“The notion that a ‘wavier’ jet stream leads to more extreme (winter) weather in response to the
warming world is a highly contested topic (Francis, 2017; Manney and Hegglin, 2018; Cohen et
al., 2020, 2021), but it is suggested that the slower progression of the jet stream in a ‘wavier’
regime encourages surface weather systems to take a longer path and broader across the planet’s
latitudes and as such encourage the transport of colder air to be pushed further equatorward and
vice versa. Robust conclusions about changes in jet waviness so far have been difficult to establish
due to variation in the region and years studied, as well as the methodology used (e.g. Barnes,
2013; Barnes and Simpson, 2017; Blackport et al., 2019; Blackport and Screen, 2020)”.

Reviewer: Table 3 and discussion thereof, it would be helpful to distinguish between methods that
provide jet altitude as well as jet latitude information (eg, M11, PO13) and those that provide only
jet latitude information and that often over a vertically-averaged range (eg, Koch et al, Archer &

Caldeira, Schiemann et al, Kuang et al)

Author Response: Thank you for this suggestion. We have edited the text to include a note of the
dimensionality of the outputs returned by the jet core algorithms (lines 148-150). We hope this
exists as an improvement on our original manuscript, where we may have failed to convey this to
the reader. Updated text:

“We note that, the implementations of SO9, M11, PO13, and K14 can provide three-dimensional
outputs for each time step including altitude coordinates about the jet cores they extract, and KO6
and ACOS8 instead return mass-weighted output which provide two-dimensional jet cores for each
time step”.

Reviewer: Lines 139140, per general comment (3), M11 also fall into category (ii)
Author Response: Yes, we agree and have amended the text (lines 153-154).

Reviewer: Line 142—146, It could be just the wording, but this reads as if you are saying the
methods of Manney et al (including the important refinement in Manney & Hegglin, 2018 of a
physically-based method to distinguish subtropical and polar jets) does not “resolve” different
reasons and seasons, when in fact they specifically focused (particularly Manney et al, 2014, 2017,
2021 and Manney & Hegglin, 2018) on analysing regional and seasonal variations. Manney &
Hegglin (2018; which shows polar / subtropical jet separation in different seasons) and Manney et



al (2021; which, while focusing on ENSO relationships, has several figures looking at subtropical /
polar jet relationships) would be good references to cite along with Maher et al (2020) for showing
seasonal variations in polar and subtropical jet stream locations and separation.

Author Response: Thank you for this insight. We have amended the text to reflect the research
done in those paper, as well as edits suggested by RC1 (lines 157-162):

“Furthermore, they may also underestimate positions of the jet cores in different seasons, in climate
regimes different from the present (e.g. SSP5-8.5), and within different phases of the given climate
oscillations (e.g. Woollings et al., 2010; Madonna et al., 2017; Manney and Hegglin, 2018;
Manney et al., 2021). We expect jets to be faster and the eddy-driven and thermally-driven
components to be more latitudinally separated in the winter versus summer, although this
relationship also expresses significant regional variation (Manney and Hegglin, 2018; Maher et al.,
2020; Manney et al., 2021)”.

Reviewer: Lines 154—-157, PO13 used a simple latitude criterion and demonstrated/stated that it
didn’t work well. Manney et al (2014) did not distinguish but simply showed and discussed the
spectrum of jets (I have no idea what you mean by that being “a more emergent form” and it
doesn’t separate the jets into “groups”) — except for one climatological figure where they used a
latitude criterion and discussed the fact that that was only useful for very broad climatological
studies (consistent with PO13). If you are going to discuss this topic, you should note that Manney
& Hegglin (2018) developed a physically-based identification of the subtropical jet and then
defined the polar jets with respect to that — this is what the package originally developed by M11
has been using since then (eg, Manney et al, 2021, who discuss subtropical / polar jet relationships
in the context of ENSO variations) (it would also be useful to have this method implemented in
jsmetrics, though it does require tropopause altitude information, so would require reading
additional fields, which at its current state, jsmetrics seems reluctant to do.)

Author Response: We have edited the text of the manuscript to include mention of issues found
with the jet seperation in PO13 (lines 170-172). We have made a clearer note of the physically
based subtropical jet separation introduced Manney & Hegglin (2018) (lines 172-174). We have
also indicated (lines 174-175). These sentences now read:

“PO13 develop a method to distinguish between merged and separate states of the polar and
subtropical jets after the initial detection of jet cores, but were only able to separate the Northern
Hemisphere subtropical jet in Jan-Feb. The M11 method was extended by Manney and Hegglin
(2018) which introduces a physical-based identification of the subtropical jet (based on the thermal
tropopause altitude), to more robustly separate it from the polar jet. Manney et al. (2014) found
that separating the M11 cores by a latitude criterion to be effective only at a climatological scale”.

You are correct in that jsmetrics is relevantly reluctant to introduce additional field to the methods
at this stage, but we would like to work with you to introduce the physically based identification of
the jets as an add-on to the M11 implementation of the package.

Reviewer: It might also be worth noting that some methods by their nature selectively identify the
subtropical jet (e.g., though it isn't one of the ones currently implemented in jsmetrics, Maher et al.,
2020), and that some (e.g., several papers by Winters and others (e.g., Winters et al, 2020, DOI:
10.1175/MWR-D-19-0353.1, and references therein) based on the method described by Christenson
et al (2017, https://doi.org/10.1175/JCLI-D-16-0565.1) distinguish them by postulating that they
occupy different altitude ranges (in a sense, a refinement of the common procedure of using low
level wind maxima to identify the polar jet, but one that can be used while still capturing the level
of the core of that jet, and in a similar spirit to Koch et al.).



Author Response: Thank you for the suggestion, we have added a note about the review from
Maher et al. 2020 (lines 175-177):

“Finally, we also note that are some methods that have been developed exclusively for the
subtropical jet (see Maher et al. (2020) for a review of such methods), and envisage these could be
incorporated in a future release of jsmetrics”.

Reviewer: Lines 190-191, I was unable to find this, though I believe I looked through the website of
Keel (2023) and the associated GitHub project (except for the broken link mentioned in the general
comments) thoroughly. This might have been helpful in assessing more definitively whether the
implementation contained the fundamental aspects of the method.

Author Response: Thank you for alerting us to this. We have edited the text to highlight that any
relevant information is now included in the docstrings, with a full description of the what a given
method does including equations taken from the original method (and the section it is first described
in). We hope that this has alleviated your concern.

Reviewer: Lines 204-206, the “details_for_all_metrics.py” file contains nothing in the
“description” field for the vast majority of the methods (and the one I saw that was not empty did
not give a description of the method). In the entry for M11, it makes it sound like only levels
between 400 and 100hPa are needed to implement it, whereas (see general comment (3)) a deeper
vertical range is required.

Author Response: We have now filled out the “description” field for this file. All methods are
covered in that file, and you can find this file here:

https://github.com/Thomasjkeel/jsmetrics/blob/main/jsmetrics/details for all metrics.py

Reviewer: Lines 212-213, being able to see the pseudocode would have been very helpful in not
only assessing to what degree the implementation matched the original (as mentioned above), but
also in understanding what the implementation actually did in general.

Author Response: We understand your concern here, although as the pseudocode was written on
paper, this would be a significant investment of time to provide online. Instead, we hope that the
overhaul to the in-code and online documentation we have provided will be sufficient. We have
been careful to introduce and describe each method (in isolation), that makes it obvious where we
have extracted the method from, and how we have implemented in jsmetrics. Furthermore, the
examples we now provide for each of the metric in their docstring, should help the user be able to
work with the code.

Reviewer: Lines 225-227, as already noted, I found the manner in which the “implementation-level
detail” was hidden made the package quite the opposite of user-friendly. Also, the implementation
is critical for the user to understand where it means that the method may differ conceptually from
that in the original paper. The user needs to know what each method, as implemented in jsmetrics,
actually does, so if the implementation is hidden there has to be very thorough and complete
documentation of that.

Author Response: We have removed this mention of hiding implementation-level detail to avoid
confusion. Consequently, we would like to emphasise that the implementation of methods to
jsmetrics should be more evident in the in the code and in the inline and online documentation now.
We have been careful to write the descriptions and provide helpful inline comments for each metric


https://github.com/Thomasjkeel/jsmetrics/blob/main/jsmetrics/details_for_all_metrics.py

now. This includes adding steps (e.g. Step 1 Calculate monthly means, Step 2 ... etc.) to each
method with similarly named functions just underneath, such that it reads a close to English as
possible (e.g. for koch_et_al_2006 # Step 1. Get all pressure levels (hPa) as list is the comment
above code that runs the get_all_hPa_list(data) subroutine). This should help any prospective user
(of any degree of Python competency) to have an idea of how a given metric works and how the
implementation has been segmented in the code.

For an example, see the jet core algorithms file:
https://github.com/Thomasjkeel/jsmetrics/blob/main/jsmetrics/metrics/jet core algorithms.py

Reviewer: Line 237-239, by “7 metrics available in jsmetrics” it appears you mean the ones you
identify as “statistics”. Since most (if not all) of the “jet core algorithms” provide (at least in their
original implementations) wind speed (a more accurate measure of “...speed of the jet stream...”
than maxima in the u-component) it would help explain why you group these together if you note
that these are all applied to the lower troposphere.

Author Response: Yes, we mean jet statistics, we have made the change to the text (line 264).
Thank you.

Reviewer: Lines 265—-266, also, these lower tropospheric altitudes are far below the altitude of the
core (maximum winds) of these jet streams, and regional averages would be lower than at an
individual longitude grid point.

Author Response: In response to your later comment, we have removed the jet speed figure (was
Figure 3), and also these lines from the text.

Reviewer: Lines 268-269, you should define what you mean by “structural uncertainties”.

Author Response: We have renamed this type of uncertainty: “metric uncertainty”, and have
changed the text here define this term, and in places previously mentioning structural uncertainties
(first mentioned on line 274, and further outlined on line 335).

Reviewer: Line 278, these five pressure levels represent vertical spacing / resolution that is
inadequate to resolve upper tropospheric jet cores — see, e.g., comparison in Manney et al, 2017, of
calculations using the M11 method on reanalysis model levels with the same reanalysis on standard
pressure levels (which are poorer resolution than those in the models, but better than those used
here).

Author Response: While we agree with your comment here, we believe that for this case study we
are primarily trying to demonstrate broad and non-metric specific differences between the jet core
algorithms. Using a smaller amounts of data at a coarser resolution also speeds up the computation
of the methods for anyone wishing to reproduce the figures in this section. We have made changes
though, and added a comment about vertical resolution and the comparison in Manney et al. 2017 to
lines 299-301:

“We note that the vertical resolution and grid spacing of the data used in this case study, may not
be adequate for the methods to effectively capture jet cores (see a discussion of vertical resolution
and grid spacing in Manney et al. (2017))”.


https://github.com/Thomasjkeel/jsmetrics/blob/main/jsmetrics/metrics/jet_core_algorithms.py

Reviewer: Figure 4, why don’t you show the jet core wind speeds for all those methods that
calculate it (both M11 and PO13 methods do)? Also it would be helpful to look at the jet core
altitude information from those methods that calculate it (at least the two just mentioned) and see
how close that actually is to 250 hPa — this would tell you how different you’d expect a jet core
identified by those methods at whatever the actual altitude of the jet core is to agree with the winds
at 250hPa.

Author Response: Thanks for your suggestion. Although we have not included jet core altitude
information (we purely want to emphasise that the jet core algorithms in jsmetrics return the
coordinates of jet features), in this figure (in the interest of keeping the comparison simple), instead
we have selected the outputs of PO13 and M11 at the 250 hPa level for a closer comparison with
wind speeds (see Figure 4 below). We also add a note about the altitude information returned by the
outputs of M11 and PO13.

lines 301-304;

“Finally, we have selected jet cores at 250 hPa from M11 and PO13 for comparison with wind
speed and K14, but we acknowledge that these two algorithms also return jet core outputs at
different altitudes”.

Figure 4:
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Reviewer: Line 282, I’'m not sure how really unique they are given that M11 is an extension of Koch
et al and PO13 is nearly identical to M11.

Author Response: We appreciate that the results in Figure 4 of original manuscript were not
accurate, we have updated this figure which should emphasis the similarity of these algorithm now.

Reviewer: Lines 287— 292, this does not seem like a particularly clear or even accurate
description. M11 simply identify all (well, up to five in each hemisphere) jet cores at each longitude.
They do not assess splitting (or merging), which I think(?) is what you are trying to get at in line
290 — note, however, that a faithful (but independent) implementation of the method by Homeyer &
Bowman, 2013 does add a post-hoc algorithm such as you mention to “string the jets together” in
longitude and identify splitting and merging. (A complete implementation of the current M11-based
method would also provide subtropical / polar jet information.)

Author Response: You are correct, we have changed the interpretation in this section to better
reflect more true workings of the M11 method (lines 312-316):

“M11 use an additional algorithm after initial discovery of local maxima to divide jet cores
occurring within the same local maxima region based on whether: (1) the two or more cores are
more than 15 degrees of latitude apart and (2) whether the wind speed drops more than 15 ms—1
between those cores, otherwise these jet cores in the same region will be considered part of the
same core. As such, the jet core output from M11 at 250 hPa may vary slightly from other similar
methods (e.g. S09 & PO13), as the jet cores may be associated with different altitudes”.

Reviewer: Lines 293-296. “Surrounding 8 grid cells” in what space (latitude / longitude /
altitude?). If restricted to latitude / altitude, M11 also do this, and most certainly “make the
assumption that the centres of the jet streams are important features in their own right” — that is, in
fact, the central motivation for their method. (This would also hold for PO13.)

Author Response: We have edited the text to include a mention that this is surrounding in the
latitude/altitude plane. We have also added this for PO13 and M11 too, as you mention (lines 309-
312 and 312-316: see above):

“There are only slight visual differences between the jet cores in P13 and S09, because both
algorithms make use of a wind-speed threshold of 30 ms—1 to extract local maxima in the
altitude/latitude plane, but S09 isolate jet cores only where the u—component wind is also shown to
be above 0 ms—1".

Reviewer: Line 298, I don't think it is intuitive that the differences would be amplified when
aggregating into coarser time resolutions. In fact my first thought was that differences might be in
some sense averaged or filtered out. Why do you expect this?

Author Response: Yes, this is an oversight in our wording, thank you for pointing this out. We
have adjusted the text to reflect the opposite sentiment (lines 322-324):

“With this case study, we demonstrate the slight differences in the estimations of the jet stream from
various jet core algorithms, and suggest that the difference at the 6-hourly scale will likely be
amplified when aggregating into coarser time resolutions”.

Reviewer: Lines 306—307, parametric uncertainty testing is a fundamental part of development of
any algorithm, so some of this is typically mentioned in the original papers.
&



Lines 308-309, Manney et al (2017) focused on this; in addition, Manney & Hegglin (2018), and
Manney et al (2021), and PO13 all used multiple input datasets (mostly reanalyses in these cases).
Author Response: We agree, although not all algorithms provide details about this or allow others
to change the parameters. We are including parametric uncertainty in this list of potential directions
for sensitivity analysis just to highlight the broader possibilities with jsmetrics.

Reviewer: Lines 310-314, See comment on Figs. 2 & 3 — having both is redundant, and Figs. 5 & 6
provide far more useful information.

Author Response: Thank you for the suggestion, we chosen to remove Figure 3, and combine
information originally given here with Figure 6 instead. We have edited the text and figure caption
to reflect this (lines 337-338).

Reviewer: Lines 330-332, I'd expect more transient features to be “washed out” for longer
averaging periods and more persistent features to remain better defined — what you are saying
sounds contrary to this.

Author Response: We have edited our analysis here (lines 370-374):

“This feature is robust up to about 4 days, but a trough structure becomes less clear in the jet occurrences
and jet centers beyond that. We expect large-scale and persistent features of the jet stream (in this case a
stationary/standing wave over North America) to be more defined/stable at broader time scales if the
weather system remains and the features of the jet to stay in place over a region”.

Reviewer: Lines 323, 326, and 340, by “temporal aggregations”, do you mean you are averaging
over that number of days before doing the jet identification / characterisation? (It looks like that to
me since if you plot the points for all of those days / times of day I'd expect to see more points on
the plot for each successively larger time interval.) If by “temporal aggregations” you mean “time
mean”, then just say “time mean”. (Also, assuming that’s the case, in the Fig. 7 caption replace
“time scales” with something like “averaging periods”.)

Author Response: We have updated the text, thank you for the suggestion to rephrased “temporal
aggregation” to “time averaging” (lines 364, 374, 378 and 381).

Reviewer: Lines 343—-344 and 346-348, most (all?) of the “jet core algorithms” are also “purpose
built” for extracting jet latitudes as one of their primary products (and jet wind speed as another) —
e.g., these were a focus of results in PO13 and in the Manney-led papers from 2014 on. Why do you
not just use the jet latitude and wind speed that those algorithms provide? It doesn’t make sense to
me to compare algorithms by comparing something obtained via a method they didn’t use.

Author Response: We have opted to include this figure, although methodologically obsolete,
simply to demonstrate the possibilities of jsmetrics. To alleviate your concern that M11 and PO13
provide their own methods we have added lines 390-391:

“We note that the papers that spawned some jet core algorithms e.g. M11 & PO13 provide their
own jet latitude extraction method, but these have not yet been implemented in jsmetrics™.

Reviewer: I have little to say in terms of specifics on Sections 5 and 6 — since they are very general
discussion I think the related issues (such as the lack of success of the package as it currently
stands, particularly with the current state of the documentation, in being “simple to use”).

Author Response: We hope to have alleviated your concerns here with the aforementioned
improvements to the documentation and clarifications made in the manuscript.



Minor / Technical points (typos, grammar, wording, etc; wasn't particularly reading for this, so
just what I happened to notice):

Reviewer: Throughout, “ERA-5" needs to be replaced with “ERAS5” as that acronym does not have
a hyphen in it.

Author Repsonse: Thank you for point this out, the manuscript has now been updated with this
correction.

Reviewer: Line 1, I see no need to say “this planet’s” — so far as I know the jet streams are complex
on all the planets (eg, Earth, Venus, Jupiter, Saturn, possibly others) we’ve studied them one (and
given enough data, similar methods might be used for other planets)!

Author Response: Done (line 1).

Reviewer: Line 11, I think you could and should leave out “or reduces” (“highlights” by itself
covers that by implication). Also “exist” should be “exists” and “characterise” should be
“characterises” (refers to “Each”, which is considered singular).

Author Response: We have removed this sentence.

Reviewer: Line 23, “most popular” is a subjective assessment, you could just say something like
“Among the most commonly used approaches is to develop...”

Author Response: Thank you, we have edited the text (line 23).

Reviewer: Lines 46—47, should be something like “...where there are extreme temperature and
vertical pressure gradients...” (and I don’t think “vertical” is needed here).

Author Response: We agree, the text has been updated (lines 44-45).

Reviewer: Line 68, delete comma after “detect”.

Author Response: Done (line 71).

Reviewer: Line 71, I think this should be plural possessive, thus “jet streams’”

Author Response: Done (line 75).

Reviewer: Line 89, delete comma after “and”

Author Response: Done (line 94).



Reviewer: Lines 109—110, It would be clearer (because this is the point that Manney & Hegglin
specifically discussed) to move the Manney & Hegglin reference to immediately follow “synoptic-
scale events™.

Author Response: Done (line 115).

Reviewer: Line 115, “propagations” should be “propagation”

Author Response: Done (line 127).

Reviewer: Line 116, wording not clear, do you mean “...are ‘jet streams’ such as those driven by
eddy- or thermal processes...” Also doesn’t “driven by eddy or thermal processes™ pretty much
cover all ‘jet streams’, thus not really needed? (Unless you mean to say something like “...are ‘jet
streams’ nor do they diagnose the eddy or thermal processes driving them...”)

Author Response: We have updated the text (lines 120-122).

“They broadly describe propagation of Rossby waves in the structure of the upper-level mean flow,
and they do not necessarily isolate which parts of the mean flow are ‘jet streams’, nor do they
diagnose the eddy or thermal processes driving them (Martin, 2021)”.

Reviewer: Lines 179—181, I’'m not sure this is even worth saying, since it would be unacceptable for
any package aimed at community use not to have this flexibility.

Author Response: I have left in for now, because I think this is worth hammering home (especially
as we want to follow clean software design principles) (lines 199-201). Also, based on comments by
the other reviewer, we have also added a limitation to jsmetrics’ design philosophy (lines 201-205).

Reviewer: Line 237, should note that it is lower tropospheric u-component data that are used here.

Author Response: Done (line 261)

Reviewer: Line 238, need serial (Oxford) comma after “North Pacific”

Author Response: Done (line 263).

Reviewer: Line 255, “these metric” should be “these metrics” and “which” should be “that”.

Author Response: We have removed this sentence based on comments made by the other reviewer.

Reviewer: Line 283, “which” should be “that”

Author Response: Done (line 307).

Reviewer: Lines 285, 288, 289, probably other places, in this usage “jet-cores” should be “jet
cores” (two words, not hyphenated).

Author Response: We have changed all occurrence to ‘jet cores’.



Reviewer: Line 301, delete comma after “calculation”.

Author Response: Done (line 331).

Reviewer: Line 322, at least add “e.g.,” before these two references (and / or “and references
therein” after) since there are many, many papers that discuss this.

Author Response: Done (line 363).

Reviewer: Line 353, do you mean that all the jet core algorithms use a wind speed threshold (in
which case there should be a comma between “algorithms” and “which”) or that it includes none
of the ones that do use a windspeed threshold (in which case “which” should be “that”)?

Author Response: Done (line 396).

Reviewer: Line 381, should be “...similar metrics, e.g., for calculating...” (unless you are saying
the following is an exhaustive list, in which case “i.e.” is appropriate but the commas are still
needed).

Author Response: Done (line 424).

Reviewer: Line 382, 394, 396 “which” should be “that”.

Author Response: Done.
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