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Version 0: 

Decision Letter: 

** Please ensure you delete the link to your author home page in this e-mail if you wish to forward it to your coauthors ** 

Dear Dr Afargan-Gerstman, 

Your manuscript titled "Stratospheric extreme events impact European storm damage" has now been seen by 3 reviewers,
and we include their comments at the end of this message. They find your work of interest, but some important points are
raised. We are interested in the possibility of publishing your study in Communications Earth & Environment, but would like
to consider your responses to these concerns and assess a revised manuscript before we make a final decision on
publication. The revised manuscript must address the robustness and statistical significance of the results by analyzing
longer datasets and using various datasets to demonstrate that the signals are statistically significant and are robust to
cross-dataset differences. 

We therefore invite you to revise and resubmit your manuscript, along with a point-by-point response that takes into account
the points raised. Please highlight all changes in the manuscript text file. 

Please submit your point-by-point responses as a separate file, distinct from your cover letter where you can add responses
to the Editors’ comments that you do not want to be made available to the reviewers. Word files are preferred. We
recommend that any figures, tables or graphs that are included in the response to reviewers are also included in the main
article or Supplementary Information. 

We are committed to providing a fair and constructive peer-review process. Please don't hesitate to contact us if you wish to
discuss the revision in more detail. 

Please use the following link to submit your revised manuscript, point-by-point response to the referees’ comments (which
should be in a separate document to any cover letter), a tracked-changes version of the manuscript (as a PDF file) and the
completed checklist: 
Link Redacted 
** This url links to your confidential home page and associated information about manuscripts you may have submitted or be
reviewing for us. If you wish to forward this email to co-authors, please delete the link to your homepage first ** 

We hope to receive your revised paper within six weeks; please let us know if you aren’t able to submit it within this time so
that we can discuss how best to proceed. If we don’t hear from you, and the revision process takes significantly longer, we
may close your file. In this event, we will still be happy to reconsider your paper at a later date, as long as nothing similar has
been accepted for publication at Communications Earth & Environment or published elsewhere in the meantime. 

Please do not hesitate to contact us if you have any questions or would like to discuss these revisions further. We look
forward to seeing the revised manuscript and thank you for the opportunity to review your work. 

Best regards, 

Weiqing Han, PhD 
Editorial Board Member 
Communications Earth & Environment 



orcid.org/0000-0003-3633-9105 

Alireza Bahadori, PhD 
Associate Editor 
Communications Earth & Environment 

EDITORIAL POLICIES AND FORMATTING 

We ask that you ensure your manuscript complies with our editorial policies. Please ensure that the following formatting
requirements are met, and any checklist relevant to your research is completed and uploaded as a Related Manuscript file
type with the revised article. 

Editorial Policy: <a href="https://www.nature.com/documents/nr-editorial-policy-checklist.pdf">Policy requirements </a>
(Download the link to your computer as a PDF.) 

For Manuscripts that fall into the following fields: 
• Behavioural and social science 
• Ecological, evolutionary & environmental sciences 
• Life sciences 
An updated and completed version of our Reporting Summary must be uploaded with the revised manuscript 
You can download the form here: 
https://www.nature.com/documents/nr-reporting-summary.zip 

Furthermore, please align your manuscript with our format requirements, which are summarized on the following checklist: 
<a href="https://www.nature.com/documents/commsj-phys-style-formatting-checklist-article.pdf">Communications Earth &
Environment formatting checklist</a> 

and also in our style and formatting guide <a href="https://www.nature.com/documents/commsj-phys-style-formatting-guide-
accept.pdf">Communications Earth & Environment formatting guide</a> . 

*** DATA: Communications Earth & Environment endorses the principles of the Enabling FAIR data project
(http://www.copdess.org/enabling-fair-data-project/ ). We ask authors to make the data that support their conclusions
available in permanent, publically accessible data repositories. (Please contact the editor if you are unable to make your
data available). 

All Communications Earth & Environment manuscripts must include a section titled "Data Availability" at the end of the
Methods section or main text (if no Methods). More information on this policy, is available at <a
href="http://www.nature.com/authors/policies/data/data-availability-statements-data-
citations.pdf">http://www.nature.com/authors/policies/data/data-availability-statements-data-citations.pdf</a>. 

In particular, the Data availability statement should include: 
- Unique identifiers (such as DOIs and hyperlinks for datasets in public repositories) 
- Accession codes where appropriate 
- If applicable, a statement regarding data available with restrictions 
- If a dataset has a Digital Object Identifier (DOI) as its unique identifier, we strongly encourage including this in the
Reference list and citing the dataset in the Data Availability Statement. 

DATA SOURCES: All new data associated with the paper should be placed in a persistent repository where they can be
freely and enduringly accessed. We recommend submitting the data to discipline-specific, community-recognized
repositories, where possible and a list of recommended repositories is provided at <a
href="http://www.nature.com/sdata/policies/repositories">http://www.nature.com/sdata/policies/repositories</a>. 

If a community resource is unavailable, data can be submitted to generalist repositories such as <a
href="https://figshare.com/">figshare</a> or <a href="http://datadryad.org/">Dryad Digital Repository</a>. Please provide a
unique identifier for the data (for example a DOI or a permanent URL) in the data availability statement, if possible. If the
repository does not provide identifiers, we encourage authors to supply the search terms that will return the data. For data
that have been obtained from publically available sources, please provide a URL and the specific data product name in the
data availability statement. Data with a DOI should be further cited in the methods reference section. 

Please refer to our data policies at <a
href="http://www.nature.com/authors/policies/availability.html">http://www.nature.com/authors/policies/availability.html</a>. 

REVIEWER COMMENTS: 

Reviewer #1 (Remarks to the Author): 

This manuscript investigates the relationship between extreme stratospheric polar vortex events and storm damage in



Europe. Using composite analysis, the authors start by investigating the well-known relationship between strong and weak
polar vortex events and storm frequency, precipitation, and surface wind anomalies using 23 years of ERA5 data.
Subsequently, the authors investigate the variability of the surface response over selected areas. 
The authors continue the analysis by examining the impacts associated with storm and flood events within a period of 28
days following the stratospheric “extreme events.” To this end, the authors utilized the EM-DAT and HANZE datasets. 
The authors find an increase in storm-related impacts over Northern Europe, Scandinavia, and the UK following strong
vortex events compared to SSWs. The study builds on well-established relationships between stratospheric and
tropospheric variability during the winter season. Its novelty lies in providing a quantitative and regionalized description of
storm and flood damage following extreme (weak and strong) vortex events. 

Major comments 

The authors do not explain why they limited their analysis to the 2000-2023 period when both ERA5 and EM-DAT datasets
extend further back in time. Extending the analysis period could enhance the robustness of the relationships found in this
study. Furthermore, a longer dataset might reveal whether the relationship is modulated over longer timescales by other
potential drivers, such as North Atlantic SSTs. 

Minor comments 

1. The authors refer to the “Annular Oscillation (AO) in the troposphere.” Although I do not see any problem with this
terminology, “Arctic Oscillation” or “Northern Annular Mode” are more commonly used in the literature and may be preferable
for clarity. 

2. The sentence, “It can be seen that SSW events are associated with in northern Europe compared to the same region
following strong vortex events,” contains an error and should be revised for clarity and grammar. 

Reviewer #2 (Remarks to the Author): 

I attached the comments for Authors in a separate PDF file. 

Reviewer #3 (Remarks to the Author): 

Review of “Stratospheric extreme events impact European storm damage” by Afargan-Gerstman and Domeisen 

The paper addresses an important outstanding issue: how are extreme stratospheric states translate to surface high-impact
weather, all the way to realized disasters and economic damage. While the influence of stratospheric states on the
occurrence of extratropical cyclones has been studied before, here the authors aim to systematically establish a link directly
to the damage caused by these storm, using two impact datasets for Europe. The aim is indeed important for understanding
the predictability of storm-related disasters on subseasonal-to-seasonal timescales, and potentially also in a future climate.
The methodology is novel in its combination of the damage datasets with established ERA5 reanalysis diagnostics for 1998-
2023. I therefore find the study highly valuable. 
However, there are a number of critical aspects that the authors should consider before the paper can be reconsidered for
publication. I detail these in general below, and with more specific examples later on. 

General comments: 

1. Statistical significance of the resulting anomalies. The limited number of years and the low number of extreme
stratospheric states raises a key concern with regard to the statistical significance of the results presented in all figures.
Some hatching is shown in the first figure, but never explained or discussed. Specifically, are the anomalies in Fig. 2
significant compared to climatology? The climatological distribution should be added to Fig. 2 for reference. In Figure 3 it is
also unclear how anomalous the results are compared to a random chance of obtaining the numbers for any 19 or 23 28-day
periods in winter. Thus, the figure should have this information and show how different are the results from a random
sampling (akin to a bootstrap significance test). For example, for SSW, the relevant 19 months following SSWs comprise
15% of all 130 months in the analysis (winter months of 1998-2023). This is indeed the fraction of storm events in Europe
(line 231), suggesting that SSWs do not significantly influence storm counts overall – but perhaps regional differences are
still significant. Therefore, this information is critical to evaluate and interpret the overall stratospheric impact. Similarly for
floods: do the low fractions noted in lines 239-240 suggest that following extreme stratospheric states there is reduced
chance for floods altogether (compared to climatology)? The same arguments apply also the analysis of disaster damage,
comparing stratospheric events with climatology in Fig. 4, and to data shown in Figs. 5 and 6. Naturally, the abstract, results
and discussion/conclusions sections should reflect this key information. 

2. There is missing motivation for the regional analysis of the current study given that stratospheric events are defined using
a zonal mean. Do you find anomalies over the Pacific storm track? 

3. There are many uncareful and over-statements throughout the text, which should be avoided. I highlight some in the
specific comments. 



4. Fig. 2: the choice of boxes is not explained. It can be more meaningful to choose a set definition of boxes and quantify the
changes of all variables in the same boxes. Perhaps even by country, to be able to relate these to the results in the following
figures. 

5. Storm track and impact in the Mediterranean: the text mostly describes the Atlantic storm track, but large impact anomalies
are also seen in the Mediterranean, which are likely related to the response of local Mediterranean cyclones. The authors
should refer to changes in Mediterranean storms/cyclones more directly, taking into account the recent surge in studies
connecting Mediterranean cyclones to surface hazards (including compounds). 

6. Appendix B: the results from this check should be communicated into Fig. 4 (e.g., masking out of countries with insufficient
data), so that more reliable conclusions can be drawn. It is currently unclear if the lack of data is the reason for discrepancies
across datasets or countries. 

Specific comments: 

7. Line 75: seems unclear why have one subsection title in the middle of the Introduction section. 

8. Lines 76-80 seem to largely repeat the previous paragraphs and could be deleted. 

9. Line 84 "extreme stratospheric variability": elaborate which extreme variability occurred. Later in the paragraph it is
mentioned that a major SSW occurred in February, but I was left wondering what occurred earlier that winter, especially
considering the long timescale for which impact can be expected (line 65). 

10. Line 95 "anomalously cold surface temperatures and precipitation anomalies": are these caused by individual extreme
storms or do they occur on longer/larger scales? 

11. Line 132: why only until 2020 when other datasets are analyzed until 2023? 

12. Lines 136-137: it is unclear if the conditioning by an extratropical cyclone is imposed by the analysis in this study, or
already built in the dataset. 

13. Line 149: explain what final warming events are for readers not familiar with stratospheric regimes. 

14. Fig. 1 / Methods: are the anomalies of the precipitation and wind normalized? The Methods text implies that they should
have units. Please clarify. 

15. Fig. 1 / Methods: It is not mentioned what the dots represent and if/how statistical significance is computed. 

16. Fig. 1 caption: I assume the shadings are the anomalies and the black contours the climatology? Need to clarify in the
caption, with units. 

17. Line 174: why only the zonal component (also this is not mentioned in the caption)? For damage the total 10-m wind
speed is more meaningful, and taking only the zonal component can introduce biases. 

18. Line 178: unclear which zonal gradient is referred to. There seems to be a more complex structure in the domain, which
partially follows the cyclone anomaly and precipitation patterns. Actually, a more clear zonal gradient is found for the more
relaxed criteria in Appendix A. 

19. Lines 180-181: these definitions come as a surprise. The sensitivity test can be mentioned and motivated already in the
Methods section. 

20. Fig. 2 caption and text: clarify units/normalization of the anomalies. 

21. Fig. 2: are the data showing the variability across stratospheric events (i.e., box averages), or do they include the
variability across all grid points too? which percentiles do the box whiskers mark? Are the anomalies significant compared to
climatology? (see also major comment). 

22. Line 195 "tend to increase" – although this is true along the coastline, the median is ~0, so not so much. 

23. Line 197 "remains unchanged": rather, there seems to be a clear divide between northwestern and southeastern
Mediterranean, which compensate each other. 

24. Line 197 "larger variability", unclear which variability the authors refer to? The variability as shown in Fig. 2d for north-
central Europe is larger than that of the Mediterranean. 

25. Line 205: there is less agreement for winds, showing an opposite response for winds, i.e., negative anomalies following
strong vortex in the Atlantic. 



26. Line 211: add "potentially" before "enhanced" 

27. Lines 212-213 "In particular, the downward influence of the stratosphere poses a higher risk of damage over Europe":
this sentence is unclear and repeats the previous one – higher risk compared to what? 

28. Line 218: replace "with respect to" by "following". 

29. Lines 218-220: no need to repeat the selection of cases if they are the same as for Figs 1 and 2. 

30. Fig. 3 caption: correct caption and panel references to account for the 6 panels (also correct the reference to specific
panels from the main text), replace "i.e." by "e.g." 

31. Fig. 3: is the white color always indicating a low value (according to the colorbar) or also countries with no data? 

32. Fig. 3 and text: could you explain how 236 storms are not seen in the total count in Fig. 3a, especially given that some
storms are counted more than once? Similarly also for the 182 floods and Fig. 3d. 

33. Line 227: associated with what? 

34. Lines 229-230 "as we have shown…" – actually this is not very consistent. Take France, where more storm counts are
clearly shown under strong vortex events compared to SSW (Fig. 3), while the opposite is seen in Fig. 1. Need to evaluate
the two datasets more critically, and provide detail on the method for storm counts in the EM-DAT dataset. 

35. Fig. 4 caption: I do not understand what is " '00 millions" 

36. Does storm damage in Fig. 4 refer only to damage from winds? Please clarify. 

37. Lines 277-278 "We show that such disasters tend to occur within a close time frame of a few weeks following the
stratospheric events". Be more accurate with regard to what the results indicate: 28 days instead of a few weeks, 'tend to
occur' – with higher probability? Compared to what? In response to both SSWs and strong vortex? All kinds of disasters?
This sentence is too vague and general and in the end misleading. 

38. Lines 284-285: also here the statement is not careful enough. There is large variability among different countries and
datasets. The cyclone frequency, disasters and damages across datasets show a more complex picture and this is the place
to discuss this. After all, this is the novelty of this work, compared to more simply aligning with previous research with such a
general statement. 

39. Lines 298-300 " Here, we have shown that changes in the storm track are associated with regional changes in
precipitation and surface wind patterns, resulting in a distinct geographical distribution of the impacts following weak or
strong vortex forcing". Again, this is a too general and vague statement, which, for specific countries is not true, as they are
sensitive to the dataset used. How much of this variability is statistically significant? 

40. Lines 305-306: so given Appendix B, which countries are then underestimated and what does it mean for your overall
results? The concluding sentence in line 308 is then too strong and misleading, as different datasets show large differences.

Typos and technical corrections: 

41. Line 65: add "timescales" after "seasonal" 
42. Line 100: "be" -> "been" 
43. Line 104: add "by" after "characterized" 
44. Line 151: "dates" -> "days" 

** Visit Nature Research's author and referees' website at <a
href="http://www.nature.com/authors">www.nature.com/authors</a> for information about policies, services and author
benefits** 

Communications Earth & Environment is committed to improving transparency in authorship. As part of our efforts in this
direction, we are now requesting that all authors identified as ‘corresponding author’ create and link their Open Researcher
and Contributor Identifier (ORCID) with their account on the Manuscript Tracking System prior to acceptance. ORCID helps
the scientific community achieve unambiguous attribution of all scholarly contributions. You can create and link your ORCID
from the home page of the Manuscript Tracking System by clicking on ‘Modify my Springer Nature account’ and following the
instructions in the link below. Please also inform all co-authors that they can add their ORCIDs to their accounts and that
they must do so prior to acceptance. 



https://www.springernature.com/gp/researchers/orcid/orcid-for-nature-research 

For more information please visit http://www.springernature.com/orcid 

If you experience problems in linking your ORCID, please contact the <a href="http://platformsupport.nature.com/">Platform
Support Helpdesk</a>. 

Version 1: 

Decision Letter: 

** Please ensure you delete the link to your author home page in this e-mail if you wish to forward it to your coauthors ** 

Dear Dr Afargan-Gerstman, 

Your revised manuscript titled "Stratospheric extreme events impact European storm damage" has now been seen by our
reviewers, whose comments appear below. In light of their advice we are delighted to say that we are happy, in principle, to
publish a suitably revised version in Communications Earth & Environment, provided you include a robust assessment of
the significance of the "impacts" compared to climatology, and tone down your arguments and conclusions in order to
ensure they are fully supported by the presented results, along the lines recommended by our reviewer 3. 

We therefore invite you to revise your paper one last time to address the remaining concerns of our reviewer 3. At the same
time we ask that you edit your manuscript to comply with our format requirements and to maximise the accessibility and
therefore the impact of your work. 

EDITORIAL REQUESTS: 

Please review our specific editorial comments and requests regarding your manuscript in the attached "Editorial Requests
Table". 

*****Please take care to match our formatting and policy requirements. We will check revised manuscript and return
manuscripts that do not comply. Such requests will lead to delays. ***** 

Please outline your response to each request in the right hand column. Please upload the completed table with your
manuscript files as a Related Manuscript file. 

If you have any questions or concerns about any of our requests, please do not hesitate to contact me. 

SUBMISSION INFORMATION: 

In order to accept your paper, we require the files listed at the end of the Editorial Requests Table; the list of required files is
also available at https://www.nature.com/documents/commsj-file-checklist.pdf . 

OPEN ACCESS: 

Communications Earth & Environment is a fully open access journal. Articles are made freely accessible on publication. For
further information about article processing charges, open access funding, and advice and support from Nature Research,
please visit https://www.nature.com/commsenv/open-access 

At acceptance, you will be provided with instructions for completing the open access licence agreement on behalf of all
authors. This grants us the necessary permissions to publish your paper. Additionally, you will be asked to declare that all
required third party permissions have been obtained, and to provide billing information in order to pay the article-processing
charge (APC). 

Please use the following link to submit the above items: 
Link Redacted 
** This url links to your confidential home page and associated information about manuscripts you may have submitted or be
reviewing for us. If you wish to forward this email to co-authors, please delete the link to your homepage first ** 

We hope to hear from you within two weeks; please let us know if you need more time. 

Best regards, 

Weiqing Han, PhD 
Editorial Board Member 
Communications Earth & Environment 



orcid.org/0000-0003-3633-9105 

Alireza Bahadori, PhD 
Associate Editor 
Communications Earth & Environment 
Consulting Editor 
Communications Sustainability 

REVIEWERS' COMMENTS: 

Reviewer #1 (Remarks to the Author): 

The authors have incorporated a new dataset and extended their analysis by five years. While this additional period does
not significantly enhance the confidence in the results, I acknowledge the authors' point that storm reports become
increasingly inconsistent further back in time, and maintaining consistency is crucial for this study. Given these
considerations, I recommend the article for publication. 

Reviewer #2 (Remarks to the Author): 

I accept the changes made. 

Reviewer #3 (Remarks to the Author): 

2nd review of “Stratospheric extreme events impact European storm damage” 

The revised version is much improved following the additional statistical analyses, refinement of datasets and text. Still, not
all my concerned were addressed fully, and critical points remain, which I detail more specifically below. Essentially, as the
study has statistical methodological approach, rather than mechanistic, it is still unclear for major parts of the results how
significant they are compared to climatology. While reanalysis-based cyclone and hazard results are significant, the
innovation here is to add more direct impact datasets. However, these are not heavily analyzed for significance compared to
climatology. Second, there are still many statements which oversell the results, making them too general and robust, which
is not supported by the findings. 

Specific comments: 

- The introduction ends with the conclusive statement “These patterns are found to be associated with increased damage
over Europe and a co-occurrence of precipitation and wind extremes in northwestern Europe and Scandinavia”. However,
the results are more subtle and region dependent, show contrasting results according to the dataset chosen, and not
significant throughout. The statement should be toned down or elaborated. 
- Lines 250-252: this is an overstatement, as some regions show contrasting results, e.g., Germany. 
- Lines 274-275: “SSW events, on the other hand, are found to be associated with enhanced storm impacts over central and
southwestern Europe”. In fact, I am not yet convinced. The spatial variability when comparing SSW/strong vortex events is
clear, but the significance of having enhanced storm damage following SSWs is not shown, especially when contrasted to
climatology – meaning, what is the random probability of having such impact during any 19 months in the climatological
period, and is it significantly different? If it is not, then key point #2 is not a major findings. In other words, are the results in
Figs. 3-5a,b significant? Or only some of the differences in their panel c? 
- Line 275: “as well as storm genesis regions” – this is not shown here, either delete or add a reference to support it. 
- Overall, the results are contrasting in terms of storm counts Vs. storm footprints. The first shows reduction over most of
Europe during SSW compared to strong vortex, and the second shows enhancement. The damage data show a mixed
response. The only agreement is found for Scandinavia. This major contrasting finding is not even discussed, but rather
smoothed out with too vague text. In the text, only data availability is mentioned as a limitation, but it is unclear if this is the
only reason for any discrepancies in the results, which are not discussed. Relevant aspects such as the influence of storm
frequency Vs. intensity are not analyzed or discussed. The concluding sentence in lines 299-300 (“Overall, this analysis
indicates that a similar response pattern is found in both datasets following SSW and strong vortex events, supporting the
conclusions from the EM-DAT dataset”) is therefore not true and even the opposite is the case for most of Europe. Unless
there is something I missed, this is a major outstanding issue with the revised manuscript. 

Additional comments: 

- Line 149 and throughout the text: Events identified above the 20% threshold should not be termed “extreme”, but rather
moderate strong/weak events, to avoid confusion with the more extreme events as described above. 
- Data and Methods section: there is no description of the methodological approach taken to statistically examine the
relationship between stratospheric states and surface impacts, and to quantify the significance. Also, justify the usage of the
30-day window following stratospheric anomalies, which appears for the first time in the caption of Fig. 1. 
- Figs. 1 and 2: the units of precipitation is likely not meters but mm/day? Actually, the accumulation time is not noted in
subsection 2.1. 
- Lines 206-207: this sentence is out of context and can be deleted. 



- Lines 221-224: this paragraph fits better before the previous one, to first start with the climatological count, and later
describe the subset that follows stratospheric events. 
- Compound hazards: this fits better in the Result section rather than in the Discussion and Conclusions. 

Technical corrections: 

Line 28: put reference in parentheses 
Line 129: unclear what CDS refers to 
Line 160: delete “cyclone frequency” and second “frequency” 
Line 176: delete “a” 
Line 179: “summarize” seems more appropriate than “evaluate” 
Line 228: correct the sentence around “are is” 

** Visit Nature Research's author and referees' website at <a
href="http://www.nature.com/authors">www.nature.com/authors</a> for information about policies, services and author
benefits**

Open Access This Peer Review File is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were
made.
In cases where reviewers are anonymous, credit should be given to 'Anonymous Referee' and the source.
The images or other third party material in this Peer Review File are included in the article’s Creative Commons license,
unless indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons
license and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/



This paper investigates the connection between extreme stratospheric events and their 
associated impacts on precipitation and wind speeds caused by extratropical storms 
making landfall in Europe. The study goes further by quantifying these impacts in terms 
of economic losses. By integrating both climate and impact datasets, the authors found 
that strong vortex events are more frequently followed by storm disasters compared to 
sudden stratospheric warmings, particularly in the UK and northern Europe. 

The paper is well-structured, with clear and informative graphics that enhance 
understanding. I enjoyed reading it, as it addresses a highly relevant and timely topic; 
linking meteorological extremes to tangible societal impacts. I have some concerns and 
suggestions: 

General Comments: 

1. Robustness of impacts results. A major limitation in impact studies, including 
this one, is the scarcity and variability of reliable datasets for economic loss 
records. While the authors focus on impact datasets, they rely on just two 
sources. Although the results from these datasets show some level of 
consistency, their robustness remains unclear. Notably, the spatial patterns in 
Figures 4/5 seem to mirror the data scarcity shown in Figure A3/A4. Could the 
authors incorporate additional datasets, such as those used in [Moemken et al., 
1]? This would strengthen the reliability of their findings. If not, I believe stronger 
clarification on such a caveat is needed specially in the abstract. 

2. Limited number of extreme stratospheric events. The analysis is restricted to the 
period from 2000 to the present. However, EM-DAT includes data extending back 
to 1900. Expanding the study period to include earlier years could improve the 
robustness of the findings. In addition; why are you using impacts data from 1998 
to 2020 and meteorological data from 2000 to 2023? (please check the  
description of datasets) 

3. How sensitive are the boxplots in Figure 2 to the domain selection? The choice of 
varying domains for different variables needs to be explained. In addition, how 
sensitive are those boxplots with respect to the number of SSW and Strong 
Vortex? Some anomalies appear quite small yet are discussed in the text (e.g., 
line 196 shows a median of 0.2, but considering more events, as in Figure A2, the 
median is negative and larger). Consider using a bootstrap test or similar 
statistical test. 

 

Line-to-line Comments: 

1. The authors should clarify what are the dots in Figure 1. If these denote the 
results of a statistical test, as seems likely, which was the test used? 



2. How have the economic losses been adjusted to reflect 2023 values? (Figure 4). 

3. The authors use the terms "meteorological hazards" and "impacts" 
interchangeably (e.g.  line 164, line 185), which leads to some confusion. For 
example, precipitation and wind speed are sometimes referred to as impacts, 
but I believe these should be categorized as meteorological hazards. 
Differentiating between meteorological hazards and impacts would improve the 
clarity and precision of the text. 

4. Line 30: where? In general or in certain European regions?  

5. Line 57; how is the first sentence different from the previous two paragraphs? 

6. Line 100—101: rephrase (“that have be associated”) 

7. In Section 2.2 and throughout, it is unclear whether storm impacts include both 
extreme wind and rainfall/snow/hail or only wind (because flooding is treated 
separately). If only wind is considered, this should be explicitly clarified. 

8. Line 145: Add obtained with ERA5 reanalysis 

9. Line 153. December or November? 

10. Lines 166—168. Section 3.1 is the actual section; is this paragraph misplaced? 

11. Line 177. Is the decrease in the North Atlantic, or decrease in southern Europe 
and a dipole in the North Atlantic?  

12. Figure 3. The caption should be rewritten as it appears the letters have been 
mixed up. 

13.  Figure 4. “’00” ? 

14. Figure 6. Those are only the events that are common in both datasets? 

15. Out of curiosity, were the storms in the impact databases explicitly named and 
categorized (e.g., well-known storms)?  

 

 

 

 

[1] Moemken, Julia, Gabriele Messori, and Joaquim G. Pinto. "Windstorm losses in 
Europe–What to gain from damage datasets." Weather and Climate Extremes 44 (2024): 
100661. 



Reply to Reviewers: Stratospheric extreme events impact European

storm damage

March 16, 2025

Dear Editor,

We would like to thank all three reviewers for taking the time to review our work. We appreciate

the insightful and helpful comments which contribute to improve our manuscript. Please find our

detailed responses to the reviewers’ comments and suggestions below.

All changes have been included into the manuscript and are indicated in bold in the annotated

manuscript. The main changes to the manuscript include:

• We have added extended statistical significance tests of the results (e.g., Figures 3, 4 and 5).

• We now focus on establishing the connection between stratospheric variability and storm

impacts, and thus removed the part concerning flood impact.

• We have added a new analysis of storm footprint

• We included an additional dataset (Copernicus Winter windstorm indicators for Europe).

1 Reviewer 1:

This manuscript investigates the relationship between extreme stratospheric polar vortex events and

storm damage in Europe. Using composite analysis, the authors start by investigating the well-

known relationship between strong and weak polar vortex events and storm frequency, precipitation,

and surface wind anomalies using 23 years of ERA5 data. Subsequently, the authors investigate

the variability of the surface response over selected areas. The authors continue the analysis

by examining the impacts associated with storm and flood events within a period of 28 days

following the stratospheric “extreme events.” To this end, the authors utilized the EM-DAT and

HANZE datasets. The authors find an increase in storm-related impacts over Northern Europe,

Scandinavia, and the UK following strong vortex events compared to SSWs. The study builds on

well-established relationships between stratospheric and tropospheric variability during the winter

1
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season. Its novelty lies in providing a quantitative and regionalized description of storm and flood

damage following extreme (weak and strong) vortex events.

1.1 Major comments

The authors do not explain why they limited their analysis to the 2000-2023 period when both

ERA5 and EM-DAT datasets extend further back in time. Extending the analysis period could en-

hance the robustness of the relationships found in this study. Furthermore, a longer dataset might

reveal whether the relationship is modulated over longer timescales by other potential drivers, such

as North Atlantic SSTs.

We thank the reviewer for their helpful comments. Following the reviewer’s com-

ments, we have added another dataset to the analysis. We have adjusted the study

period to 1998-2023, during which data from Copernicus, as well as from the EM-DAT

database, were available. While it is possible to technically go back to data starting in

1979, Moemken et al. (2024) also focuses on the period October 1999 to March 2022.

Even for this period, Moemken et al. (2024) finds that the datasets often disagree on

individual storm reports, as well as on storm frequency per winter season. Therefore,

we have preferred to focus in this study on shorter period that allows a more careful

examination of individual storm events and their impact across datasets, thus ensuring

greater reliability.

Regarding the investigation of additional large-scale precursors, while examining the

relationship with other potential drivers, such as North Atlantic SSTs, can be useful

for understanding the main drivers of storm impacts over Europe, this will require

an extensive analysis which is beyond the scope of this paper. Such extensive study

would probably exceed the length limitation of the journal. In addition, previous

studies have demonstrated the inter-event variability of extreme stratospheric events

(e.g., Afargan-Gerstman and Domeisen, 2020). Thus, understanding and quantifying

the downward coupling between the tropospheric circulation and the stratosphere re-

quires careful attention on its own, and therefore is the focus of this manuscript.

1.2 Minor comments

1. The authors refer to the “Annular Oscillation (AO) in the troposphere.” Although I do not see

any problem with this terminology, “Arctic Oscillation” or “Northern Annular Mode” are more

commonly used in the literature and may be preferable for clarity.

We have revised the Introduction and removed the sentence concerning the Northern

Annular Mode as this terminology is less relevant for the focus of the paper (for in-

stance, more focus has been given to the NAO).
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2. The sentence, “It can be seen that SSW events are associated with in northern Europe com-

pared to the same region following strong vortex events,” contains an error and should be revised

for clarity and grammar.

We have removed this sentence.

2 Reviewer 2:

This paper investigates the connection between extreme stratospheric events and their associated

impacts on precipitation and wind speeds caused by extratropical storms making landfall in Europe.

The study goes further by quantifying these impacts in terms of economic losses. By integrating

both climate and impact datasets, the authors found that strong vortex events are more frequently

followed by storm disasters compared to sudden stratospheric warmings, particularly in the UK and

northern Europe. The paper is well-structured, with clear and informative graphics that enhance

understanding. I enjoyed reading it, as it addresses a highly relevant and timely topic; linking

meteorological extremes to tangible societal impacts. I have some concerns and suggestions:

2.1 General Comments:

1. Robustness of impacts results. A major limitation in impact studies, including this one, is the

scarcity and variability of reliable datasets for economic loss records. While the authors focus on

impact datasets, they rely on just two sources. Although the results from these datasets show some

level of consistency, their robustness remains unclear. Notably, the spatial patterns in Figures 4/5

seem to mirror the data scarcity shown in Figure A3/A4. Could the authors incorporate additional

datasets, such as those used in [Moemken et al., 1]? This would strengthen the reliability of their

findings. If not, I believe stronger clarification on such a caveat is needed specially in the abstract.

First, as noted by the reviewer, the spatial patterns in Figures 4-5 seem to mirror

the data scarcity shown in Figure A3-A4. This is not by chance. The data availability

map shows only for countries that were used in the preparation of Fig. 3-4. Therefore,

the Appendix figures mirror the same map as in Figures 3-4 but shows different values

(the availability percentage). We added a sentence in the caption to clarify this.

Moemken et al. provides a comparison of reported and estimated windstorm losses

from five datasets belonging to three categories: Indices combining meteorological and

insurance aspects, natural hazard databases, and loss reports from insurance compa-

nies.

To overcome the scarcity and variability of reliable datasets for economic loss records,

we included analysis from an additional dataset in the revised manuscript - the Coper-

nicus Winter windstorm indicators for Europe derived from reanalysis.



2 REVIEWER 2: 4

2. Limited number of extreme stratospheric events. The analysis is restricted to the period

from 2000 to the present. However, EM-DAT includes data extending back to 1900. Expanding

the study period to include earlier years could improve the robustness of the findings. In addition;

why are you using impacts data from 1998 to 2020 and meteorological data from 2000 to 2023?

(please check the description of datasets)

Although EM-DAT provides data back to the year 1900, records on weather-related

impacts from that period are not expected to be as reliable as records from recent

decade. In addition, to stay consistent with recent windstorm datasets’ comparisons,

such as Moemken et al. 2024, we have adjusted the study period to 1998 to 2023.

Additional datasets, such as Copernicus European windstorms footprint and loss in-

dicators - now included in this manuscript - cover this period as well. While it is

possible to technically go back to data starting in 1979, Moemken et al. also focuses

on the period October 1999 to March 2022 (to match with the impact datasets, like

the Perils Insurance dataset).

In addition, even for this period, Moemken et al. (2024) finds that the datasets often

disagree on individual storm reports, as well as on storm frequency per winter season.

For example, out of a total of 94 individual windstorms that were documented, only 11

storms were reported in all five datasets. This variability among datasets emphasizes

the need to carefully examine and compare individual records in the datasets, which

is more difficult to do for extended periods. Thus, we justify using the period 1998-

2023 as it allows for a closer look at individual storm records and their connection to

stratospheric events, thus minimizing potential errors.

3. How sensitive are the boxplots in Figure 2 to the domain selection? The choice of varying

domains for different variables needs to be explained. In addition, how sensitive are those boxplots

with respect to the number of SSW and Strong Vortex? Some anomalies appear quite small yet are

discussed in the text (e.g.,line 196 shows a median of 0.2, but considering more events, as in Figure

A2, the median is negative and larger). Consider using a bootstrap test or similar statistical test.

We have changed the domain selection for the boxplots in Fig.2. Instead of varying

domains, we focus on European weather and climate, thus defining the boxes over

northern and southern Europe, and analyze the corresponding anomalies for each re-

gion of interest. Additionally, to demonstrate the variability of the response to strato-

spheric forcing, we have added a bootstrap test as part of the statistical significance

test in Fig.1 (and Fig.A1).



2 REVIEWER 2: 5

2.2 Line-to-line Comments:

1. The authors should clarify what are the dots in Figure 1. If these denote the results of a statis-

tical test, as seems likely, which was the test used?

Hatching in Figure 1 indicates values that are statistically significant at a 95% confi-

dence level, estimated for each country using Student’s t-test.

2. How have the economic losses been adjusted to reflect 2023 values? (Figure 4).

The economic losses been adjusted for inflation using the Consumer Price Index of the

year 2022. For more details, see Economic Adjustment section in the EM-DAT online

documentation: https://doc.emdat.be/docs/protocols/economic-adjustment (last ac-

cessed: February, 23, 2025).

3. The authors use the terms ”meteorological hazards” and ”impacts” interchangeably (e.g.

line 164, line 185), which leads to some confusion. For example, precipitation and wind speed

are sometimes referred to as impacts, but I believe these should be categorized as meteorological

hazards. Differentiating between meteorological hazards and impacts would improve the clarity

and precision of the text.

We thank the reviewers for this comment. We have corrected the text to distinguish

between meteorological hazards and impacts. Particularly, precipitation and wind

speed are now categorized in the text as meteorological hazards.

4. Line 30: where? In general or in certain European regions?

Anthropogenic climate change has led to an intensification of weather-related ex-

tremes, including more frequent and more intense heat and precipitation extremes in

many regions across the world. We have revised this sentence and add more relevant

references.

5. Line 57; how is the first sentence different from the previous two paragraphs?

We have revised the Introduction section and merged these paragraphs to avoid rep-

etition.

6. Line 100—101: rephrase (“that have be associated”)

Corrected.

7. In Section 2.2 and throughout, it is unclear whether storm impacts include both extreme

wind and rainfall/snow/hail or only wind (because flooding is treated separately). If only wind is

considered, this should be explicitly clarified.

In the revised manuscript, we refer the extreme wind as storm impacts. The influence

https://doc.emdat.be/docs/protocols/economic-adjustment
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of stratospheric events on precipitation in general is shown in Fig.1 (with precipitation

data based on ERA5 reanalysis), however we do not directly evaluate the influence on

precipitation-related impacts (e.g., extreme rainfall, snow, hail).

8. Line 145: Add obtained with ERA5 reanalysis

Corrected.

9. Line 153. December or November?

The wind speed threshold for strong vortex events is based on the period December

to March, for consistency with previous studies in the field.

10. Lines 166—168. Section 3.1 is the actual section; is this paragraph misplaced?

Corrected.

11. Line 177. Is the decrease in the North Atlantic, or decrease in southern Europe and a dipole

in the North Atlantic?

We have revised Figure 1, and removed the part about the dipole pattern.

12. Figure 3. The caption should be rewritten as it appears the letters have been mixed up.

We have corrected Figure 3 caption.

13. Figure 4. “’00” ?

We rephrased to ”hundred millions”.

14. Figure 6. Those are only the events that are common in both datasets?

The events shown in Fig.6 are based on a combination of records from both datasets,

Thus, these events are not necessarily common in both datasets.

15. Out of curiosity, were the storms in the impact databases explicitly named and categorized

(e.g., well-known storms)?

The majority of storms analyzed in this study are explicitly named and categorized

storms, but not all of them. The full list of all storms that are reported in at least

one datasets, including information on storm name, date and affected countries can

be found in Moemken et al., 2024 (in the Supplementary material).

[1] Moemken, Julia, Gabriele Messori, and Joaquim G. Pinto. ”Windstorm losses in Eu-

rope–What to gain from damage datasets.” Weather and Climate Extremes 44 (2024): 100661.
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3 Reviewer 3:

The paper addresses an important outstanding issue: how are extreme stratospheric states translate

to surface high-impact weather, all the way to realized disasters and economic damage. While

the influence of stratospheric states on the occurrence of extratropical cyclones has been studied

before, here the authors aim to systematically establish a link directly to the damage caused by

these storm, using two impact datasets for Europe. The aim is indeed important for understanding

the predictability of storm-related disasters on subseasonal-to-seasonal timescales, and potentially

also in a future climate. The methodology is novel in its combination of the damage datasets with

established ERA5 reanalysis diagnostics for 1998-2023. I therefore find the study highly valuable.

However, there are a number of critical aspects that the authors should consider before the paper

can be reconsidered for publication. I detail these in general below, and with more specific examples

later on.

3.1 General comments:

1. Statistical significance of the resulting anomalies. The limited number of years and the low num-

ber of extreme stratospheric states raises a key concern with regard to the statistical significance of

the results presented in all figures. Some hatching is shown in the first figure, but never explained

or discussed. Specifically, are the anomalies in Fig. 2 significant compared to climatology? The

climatological distribution should be added to Fig. 2 for reference. In Figure 3 it is also unclear how

anomalous the results are compared to a random chance of obtaining the numbers for any 19 or 23

28-day periods in winter. Thus, the figure should have this information and show how different are

the results from a random sampling (akin to a bootstrap significance test). For example, for SSW,

the relevant 19 months following SSWs comprise 15% of all 130 months in the analysis (winter

months of 1998-2023). This is indeed the fraction of storm events in Europe (line 231), suggesting

that SSWs do not significantly influence storm counts overall – but perhaps regional differences

are still significant. Therefore, this information is critical to evaluate and interpret the overall

stratospheric impact. Similarly for floods: do the low fractions noted in lines 239-240 suggest that

following extreme stratospheric states there is reduced chance for floods altogether (compared to

climatology)? The same arguments apply also the analysis of disaster damage, comparing strato-

spheric events with climatology in Fig. 4, and to data shown in Figs. 5 and 6. Naturally, the

abstract, results and discussion/conclusions sections should reflect this key information.

We agree with the reviewer’s perspective, suggesting that SSWs do not significantly

influence storm counts overall – but affect the regional patterns with significant differ-

ences (Fig.3 and Fig.5). We have modified Figures 3 and 4 to show the difference in

storm counts and storm damage between periods following SSWs and strong vortex

events. Additionally, we have added Fig.5 showing the difference in storm footprint

after stratospheric events, emphasizing that the main difference is significant along

the SW-NE axis of European windstorms (using a bootstrap significance testing).
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2. There is missing motivation for the regional analysis of the current study given that strato-

spheric events are defined using a zonal mean. Do you find anomalies over the Pacific storm track?

Despite its zonally-symmetric nature, the downward influence of stratospheric ex-

tremes is concentrated over the North Atlantic and Europe. This zonal asymmetry

has been documented in the literature (Baldwin and Dunkerton, 2001; Butler et al.,

2017). To clarify this important point in the text, we have included a sentence about

it in the Introduction (Line 45).

3. There are many uncareful and over-statements throughout the text, which should be avoided.

I highlight some in the specific comments.

We thank the reviewer for bringing this to our attention. We rephrased all the exam-

ples that are mentioned in the specific comments below, and revised our statements

to be more careful and statistically robust.

4. Fig. 2: the choice of boxes is not explained. It can be more meaningful to choose a set

definition of boxes and quantify the changes of all variables in the same boxes. Perhaps even by

country, to be able to relate these to the results in the following figures.

We have revised the choice of boxes used in Fig.2, and now use boxes for southern and

northern Europe for analysing the variability of precipitation and surface wind. For

the cyclone frequency, we have the boxes are defined for the mid-latitude and high-

latitude sectors of the North Atlantic. These boxes are centered around the areas

with largest average anomalies of cyclone frequency for SSW events. We have added

a clarification in the text (Line 175).

5. Storm track and impact in the Mediterranean: the text mostly describes the Atlantic storm

track, but large impact anomalies are also seen in the Mediterranean, which are likely related to the

response of local Mediterranean cyclones. The authors should refer to changes in Mediterranean

storms/cyclones more directly, taking into account the recent surge in studies connecting Mediter-

ranean cyclones to surface hazards (including compounds).

Indeed, while main focus of the study is the North Atlantic storm track (where the

signature of stratospheric influence is considered to be the greatest), changes over

the Mediterranean are particularly of interest. For this reason, we have included

several references in the context of compound wind and precipitation hazards of the

Mediterranean (see the Discussion). We also added modified the boxes in Figure 2 to

distinguish souther Europe and the Mediterranean from the northern part of Europe,

and added additional description of Mediterranean cyclone frequency, precipitation

and surface wind anomalies in the text (e.g., from Line 160 and in Section 3.2).
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6. Appendix B: the results from this check should be communicated into Fig. 4 (e.g., masking

out of countries with insufficient data), so that more reliable conclusions can be drawn. It is cur-

rently unclear if the lack of data is the reason for discrepancies across datasets or countries.

To address the issue of statistical significance, we introduced a statistical test for the

difference between SSWs and strong vortex events. While not all countries have a

100% coverage in terms of damage data availability per storm events (Figure A3),

there is a relatively good coverage (for instance, above 40%) over most European

countries. We have examined to what extent would the storm damage maps change

for SSWs and strong vortex events if we take into account only countries with damage

data percentage of 50% or higher (Fig. 1 below). We show that while some regions

of storm impact are missing, the regional impact patterns over western and northern

Europe (with the exception of France) are still clearly shown.

a b

Figure R 1: Storm damage after (a) SSWs and (b) strong vortex events for countries with damage
data percentage of 50% or higher.

3.2 Specific comments:

7. Line 75: seems unclear why have one subsection title in the middle of the Introduction section.

We have revised and shortened the Introduction section and removed the additional

sub-title.

8. Lines 76-80 seem to largely repeat the previous paragraphs and could be deleted.

We have removed this paragraph and revised this part of the Introduction.
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9. Line 84 ”extreme stratospheric variability”: elaborate which extreme variability occurred.

Later in the paragraph it is mentioned that a major SSW occurred in February, but I was left

wondering what occurred earlier that winter, especially considering the long timescale for which

impact can be expected (line 65).

Sudden stratospheric warnings (SSWs) and strong vortex events represent the extreme

states within a broad spectrum of polar stratospheric dynamic variability (Baldwin

and Dunkerton, 2001). In the Northern Hemisphere, stratospheric variability peaks

from January to March, with early winter extremes being possibly different in terms

of their temporal evolution than late winter extremes. This paper primarily focuses

on the 30-day period following SSWs and strong vortex states, which represent the

weakest and strongest extremes of the polar vortex, respectively. During this period

(and up to 60 days), stratospheric variability can influence stratosphere-troposphere

coupling (Karpechko et al., 2017). Additionally, an analysis using a wide range of

”extreme variability” definitions is further provided in Appendix A.

10. Line 95 ”anomalously cold surface temperatures and precipitation anomalies”: are these

caused by individual extreme storms or do they occur on longer/larger scales?

We revised this paragraph and removed this sentence. Generally, anomalously cold

surface temperatures and precipitation anomalies associated with a positive phase of

the NAO/NAM are driven by changes in the large-scale atmospheric circulation, in-

cluding changes to the storm track and their associated precipitation patterns.

11. Line 132: why only until 2020 when other datasets are analyzed until 2023?

We updated to the period between 1998 to 2023.

12. Lines 136-137: it is unclear if the conditioning by an extratropical cyclone is imposed by

the analysis in this study, or already built in the dataset.

In the revised manuscript, we analyze disaster data from the EM-DAT and Coper-

nicus datasets. For EM-DAT, we generally examine events classified as extratropical

cyclones, but do no exclude winter storms and storms in general. For the Copernicus

windstorm data, all events are identified as storms. We added this clarification to the

manuscript (Line 210).

13. Line 149: explain what final warming events are for readers not familiar with stratospheric

regimes.

We added a short explanation.

14. Fig. 1 / Methods: are the anomalies of the precipitation and wind normalized? The Meth-
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ods text implies that they should have units. Please clarify.

The anomalies are not normalized (not unitless). We added unit information to the

caption and throughout the manuscript.

15. Fig. 1 / Methods: It is not mentioned what the dots represent and if/how statistical

significance is computed.

We added this information to the caption.

16. Fig. 1 caption: I assume the shadings are the anomalies and the black contours the clima-

tology? Need to clarify in the caption, with units.

We added this information to the caption.

17. Line 174: why only the zonal component (also this is not mentioned in the caption)? For

damage the total 10-m wind speed is more meaningful, and taking only the zonal component can

introduce biases.

We agree. As suggested by the reviewer, we have revised this figure, and replaced the

panels of the zonal wind component with the total 10-m wind speed (updated Figures

1-2 and A1-A2).

18. Line 178: unclear which zonal gradient is referred to. There seems to be a more complex

structure in the domain, which partially follows the cyclone anomaly and precipitation patterns.

Actually, a more clear zonal gradient is found for the more relaxed criteria in Appendix A.

We have modified this figure to show the surface wind speed at 10-m rather than the

zonal component of the wind. As a result, we removed the sentence on the zonal

gradient.

19. Lines 180-181: these definitions come as a surprise. The sensitivity test can be mentioned

and motivated already in the Methods section.

We have moved these definitions (for weak and strong vortex states) to the Methods

section, as suggested by the reviewer..

20. Fig. 2 caption and text: clarify units/normalization of the anomalies.

In the revised version, we clarify that anomalies are computed with respect to daily

climatology (described in the Methods).

21. Fig. 2: are the data showing the variability across stratospheric events (i.e., box averages),

or do they include the variability across all grid points too? which percentiles do the box whiskers

mark? Are the anomalies significant compared to climatology? (see also major comment).

The boxes show the variability of spatially-averaged anomalies following stratospheric
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events. The whiskers extend to the smallest and largest values within 1.5 times of the

inter-quartile range (between the 25th and 75th percentiles) - we have added this in-

formation to the caption of Figure 2. To determine if the anomalies are significant, we

would have to plot the anomalies over each box during NDJFM. Due to lack of space,

we have not included this information in Figure 2, however, significance compared to

climatology is shown in Figure 1: the hatching indicates the significance at the 95%

level (computed per grid point).

22. Line 195 ”tend to increase” – although this is true along the coastline, the median is 0, so

not so much.

We have modified the boxes used for Figure 2, and focus on analyzing the variability of

precipitation and surface wind anomalies over northern and southern Europe. Using

the revised boxes, the median of precipitation values after SSW events is 0.3 m. We

have updated this information in the revised manuscript.

23. Line 197 ”remains unchanged”: rather, there seems to be a clear divide between northwest-

ern and southeastern Mediterranean, which compensate each other.

As discussed for the previous comment, we have modified the boxes used for Figure 2,

focusing on atmospheric circulation changes over southern Europe and the Mediter-

ranean (right panels in Figure 2) and northern Europe (left panels).

24. Line 197 ”larger variability”, unclear which variability the authors refer to? The variability

as shown in Fig. 2d for north-central Europe is larger than that of the Mediterranean.

The box plots shown in Figure 2 demonstrate the variability of a variable by displaying

its distribution, median and spread. Here, we refer to variability based on the range

of the distribution. We have corrected this sentence (as the spread is indeed larger

over northern Europe) and rephrased it.

25. Line 205: there is less agreement for winds, showing an opposite response for winds, i.e.,

negative anomalies following strong vortex in the Atlantic.

We rephrased this sentence and corrected it.

26. Line 211: add ”potentially” before ”enhanced”

Corrected.

27. Lines 212-213 ”In particular, the downward influence of the stratosphere poses a higher

risk of damage over Europe”: this sentence is unclear and repeats the previous one – higher risk

compared to what?

We have removed this sentence due to repetition.
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28. Line 218: replace ”with respect to” by ”following”.

Corrected.

29. Lines 218-220: no need to repeat the selection of cases if they are the same as for Figs 1

and 2.

Corrected.

30. Fig. 3 caption: correct caption and panel references to account for the 6 panels (also correct

the reference to specific panels from the main text), replace ”i.e.” by ”e.g.”

We have corrected the caption accordingly.

31. Fig. 3: is the white color always indicating a low value (according to the colorbar) or also

countries with no data?

Since the datasets used in this study are event-based, the white color in Figure 3a,b

indicates both countries with no data and countries with no relevant records during

the examined period. In the revised manuscript, we have an additional panel (Figure

3c) in which the white color indicates no data, and light grey color indicates low val-

ues (according to the colorbar). We have added this information to the manuscript

(Figure 3 caption).

32. Fig. 3 and text: could you explain how 236 storms are not seen in the total count in Fig.

3a, especially given that some storms are counted more than once? Similarly also for the 182 floods

and Fig. 3d.

We have revised Figure 3. The revised figure shows the total count of European storms

per country during the extended winter season (November to March). In total, 205

counts have been recorded. Table 1 below shows the distribution of storm counts (as

well as availability for damage information) by country.

33. Line 227: associated with what?

We rephrased this sentence.

34. Lines 229-230 ”as we have shown. . . ” – actually this is not very consistent. Take France,

where more storm counts are clearly shown under strong vortex events compared to SSW (Fig. 3),

while the opposite is seen in Fig. 1. Need to evaluate the two datasets more critically, and provide

detail on the method for storm counts in the EM-DAT dataset.

The plots shown in Figure 1 and Figure 3 cannot be directly compared to each other,

as storm frequency is indeed derived using different methods in Figures 1a,b and Fig-

ure 3. More specifically, storm counts in Figure 3 are defined based on the surface
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impact of storms rather than the anomalous location of the low-pressure systems, as

represented in Figure 1. Furthermore, the EM-DAT storm count is the number of

times each country was affected by storms. These events are categorized in EM-DAT

as ’extratropical cyclones’, but some are ’severe weather’ or ’winter storm’, however

they record events of storm impacts rather then the actual meteorological hazard.

This distinction highlights the difference between cyclone occurrence and their as-

sociated impacts in countries, which we acknowledge and have now clarified in the

manuscript.

35. Fig. 4 caption: I do not understand what is ” ’00 millions”

We rephrased to hundred millions.

36. Does storm damage in Fig. 4 refer only to damage from winds? Please clarify.

Generally, many windstorm damage indices are based on the cube of wind speed,

however the storm damage depends on other factors, such as exposure of buildings to

high wind speed. Additionally, insured losses depend on the insurance coverage in the

specific region. Therefore, it is difficult to determine without additional information

id the storm damage recorded in EM-DAT (which is based on a variety of sources in-

cluding UN agencies, NGOs, World Bank, research institutes, insurance/reinsurance

industry and news agencies) is only due to the wind.

37. Lines 277-278 ”We show that such disasters tend to occur within a close time frame of a

few weeks following the stratospheric events”. Be more accurate with regard to what the results

indicate: 28 days instead of a few weeks, ’tend to occur’ – with higher probability? Compared to

what? In response to both SSWs and strong vortex? All kinds of disasters? This sentence is too

vague and general and in the end misleading.

This sentence is part of the ”Discussion and conclusions” and therefore meant to be

a more general statement. We have rephrased this sentence to be more specific. We

have added an additional explanation: ”While cyclone frequency tends to be higher

over the midlatitude North Atlantic and Europe following SSW events, relative to

strong vortex events (Fig.1, Fig.2), fewer European countries are found to be affected

by storm-driven disasters under SSW conditions as compared to strong vortex events

(Fig.3)”.

38. Lines 284-285: also here the statement is not careful enough. There is large variabil-

ity among different countries and datasets. The cyclone frequency, disasters and damages across

datasets show a more complex picture and this is the place to discuss this. After all, this is the

novelty of this work, compared to more simply aligning with previous research with such a general

statement.
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Indeed, this work highlights the large variability among different countries and datasets

in their response to stratospheric forcing. We have added another paragraph to the

Discussion to further clarify this complex relationship. Additionally, in the revised

manuscript we have added an analysis of storm footprint based on the Copernicus

European Windstorm data (Figure 5). A storm footprint is useful for assessing the

impact and extent of a storm, specifically for surface hazards (e.g., strong winds and

risk of damage). The storm footprint in Figure 5 shows that the regions most affected

by storms following SSW events are in western and northern Europe, while regions

most affected aster strong vortex events extend towards the UK and Scandinavia.

39. Lines 298-300 ” Here, we have shown that changes in the storm track are associated with

regional changes in precipitation and surface wind patterns, resulting in a distinct geographical

distribution of the impacts following weak or strong vortex forcing”. Again, this is a too general

and vague statement, which, for specific countries is not true, as they are sensitive to the dataset

used. How much of this variability is statistically significant?

We have add a new analysis to determine which affected regions have a statistically

significant surface response following SSW and strong vortex events (Figures 3 and

4). We have revised this sentence and added more specific details about the statisti-

cal significance of the results throughout the paper (Line 270). In addition, we have

move the analysis of combine wind and flooding events to Appendix C, and included

a discussion about these results (Line 280).

40. Lines 305-306: so given Appendix B, which countries are then underestimated and what

does it mean for your overall results? The concluding sentence in line 308 is then too strong and

misleading, as different datasets show large differences.

For most European countries, EM-DAT provides information about the estimated

damage for at least 50% of the recorded storm events. However, in some countries

damage data availability is lower (e.g., Italy, Portugal, and the Balkans). We have

added this information to the Discussion. This analysis does not provide an estima-

tion on which countries are then underestimated, in terms of storm counts, but rather

suggest that these countries may have underestimated damage costs.

3.3 Typos and technical corrections:

41. Line 65: add ”timescales” after ”seasonal”

Fixed.

42. Line 100: ”be” -¿ ”been”

Fixed.
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43. Line 104: add ”by” after ”characterized”

Fixed.

44. Line 151: ”dates” -¿ ”days”

Fixed.
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Country Storm counts Availability of damage data

Albania 2 0
Austria 4 2
Belarus 1 1
Belgium 11 4
Bosnia and Herzegovina 2 2
Bulgaria 2 0
Croatia 1 0
Czechia 7 2
Denmark 6 3
Estonia 1 1
France 25 11
Germany 19 12
Greece 3 1
Hungary 4 0
Ireland 8 3
Italy 8 1
Latvia 3 2
Lithuania 2 2
Luxembourg 1 1
Netherlands (Kingdom of the) 9 6
North Macedonia 1 0
Norway 3 1
Poland 11 4
Portugal 7 1
Republic of Moldova 1 1
Romania 3 0
Serbia Montenegro 1 0
Slovakia 1 1
Slovenia 2 1
Spain 14 7
Sweden 4 2
Switzerland 11 5
Ukraine 2 2
UK and Northern Ireland 21 11

SUM: 205 92

Table 1: Storm counts and availability of damage data by country during NDJFM, between 1998
to 2023.



Reply to Reviewers: Stratospheric extreme events impact European

storm damage

May 13, 2025

Dear Editor,

We would like to thank all three reviewers for their insightful and helpful comments which con-

tribute to improve our manuscript. Please find our detailed responses to the reviewers’ comments

and suggestions below.

All changes have been included into the manuscript and are indicated in bold in the annotated

manuscript.

The main changes to the manuscript include:

• We have added statistical analysis for the direct impact datasets and compared to climatology.

• We rephrased some of the arguments, to ensure their support by the findings.

• We have updated the definition to strong vortex events (SPVs) to consider only events that

last at least 5 days in the stratosphere. This improvement to the definition of SPVs does not

affect the results.

Best regards,

Hilla Afargan-Gerstman (on behalf of the co-authors).

REVIEWERS’ COMMENTS:

Reviewer 3 (Remarks to the Author):

The revised version is much improved following the additional statistical analyses, refinement of

datasets and text. Still, not all my concerned were addressed fully, and critical points remain, which

I detail more specifically below. Essentially, as the study has statistical methodological approach,

rather than mechanistic, it is still unclear for major parts of the results how significant they are

compared to climatology. While reanalysis-based cyclone and hazard results are significant, the

1



2

Figure R 1: Average storm count over European countries for 1998 to 2003, based on EM-DAT.

innovation here is to add more direct impact datasets. However, these are not heavily analyzed for

significance compared to climatology. Second, there are still many statements which oversell the

results, making them too general and robust, which is not supported by the findings.

First, we would like to thank the reviewer for their constructive comments. We

would like to clarify that the analysis in this study, obtained from reanalysis or impacts

datasets, provide consistent results. In the reply letter below, we have included ad-

ditional analysis to support the arguments presented in the manuscript. Specifically,

we address the significance of the results obtained from impact datasets. We believe

these changes improve the clarity of the manuscript and present analysis that further

supports the main findings.

Specific comments:

- The introduction ends with the conclusive statement “These patterns are found to be associated

with increased damage over Europe and a co-occurrence of precipitation and wind extremes in

northwestern Europe and Scandinavia”. However, the results are more subtle and region depen-

dent, show contrasting results according to the dataset chosen, and not significant throughout. The

statement should be toned down or elaborated.

We have revised this statement, as follows: ”in winter, stratosphere-troposphere cou-

pling following stratospheric extreme states is characterized by distinct tropospheric

circulation signatures for weak and strong stratospheric vortex conditions. These

patterns are associated with shifts in storm frequency and windstorm damage over
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a b

Figure R 2: Anomalies of high-impact storm counts shown by region and month. The anomalies are
computed as deviations for the average storm count for 1998 to 2003, for that region and month,
for (a) SSW events, and (b) SPV events. All records are obtained from EM-DAT.

Figure R 3: European storm count per winter based on EM-DAT for SSW and SPV events. Values
for different countries are represented by green circles.

Europe”. Moreover, we have revised the text throughout the manuscript clarifying

that the results are region dependent and that not all regions are statistically signifi-

cant. Certain cases appear to be contrasting according to the dataset chosen, however,

as also discussed in detail in our reply (see reply to Lines 250-252 below), these cases

can be often explained as a result of missing data records.

- Lines 250-252: this is an overstatement, as some regions show contrasting results, e.g., Ger-

many.

In the study, we perform a comparison of storm footprint (shown in Fig.5 in the

revised manuscript) and storm damage from EM-DAT (in Fig.6) for SSW and SPV

events. This comparison demonstrates a consistent difference pattern in the majority

of European countries, however exceptions exist in central Europe, and in Germany in
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Figure R 4: Storms reported in Germany in a 30-day period after strong vortex events. Data is
based on EM-DAT.

particular. In the revised version, we have increased the number of storms obtained

from the Copernicus dataset (allowing more than one windstorm to be considered for

each SSW and strong vortex event). Specifically for Germany, EM-DAT storm dam-

age following strong vortex events is obtained from the accumulated loss records for

three storms: Erwin (in winter 2005), Kyrill (2007) and Friederike (2018) (see Table

R4). However, windstorm footprint for storm Friederike in 2018 is not available by

Copernicus (according to personal communication), making this an exceptional case

where the average storm footprint is underestimated. We have added a clarification

to the manuscript and remove the statement that was previously included.

- Lines 274-275: “SSW events, on the other hand, are found to be associated with enhanced

storm impacts over central and southwestern Europe”. In fact, I am not yet convinced. The spa-

tial variability when comparing SSW/strong vortex events is clear, but the significance of having

enhanced storm damage following SSWs is not shown, especially when contrasted to climatology

– meaning, what is the random probability of having such impact during any 19 months in the

climatological period, and is it significantly different? If it is not, then key point #2 is not a major

findings. In other words, are the results in Figs. 3-5a,b significant? Or only some of the differences

in their panel c?

The probability of having a high-impact storm during the climatological period is

shown in Fig. R1 (as well as in Fig. A3 in the revised manuscript). According to

EM-DAT, no more than two high-impact storms (per month) are reported in Euro-

pean countries during NDJFM. To further quantify the anomalous response of high-

impact storm counts to stratospheric extremes, we follow the reviewer’s suggestion

and examine the change in EM-DAT storm counts with respect to their climatological

frequency (Fig. A3 in the revised manuscript). For this purpose, we define the anoma-

lies in storm events for each month in NDJFM as deviations from the monthly mean.
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High-impact storm counts are found to decrease across Europe but increase over the

eastern Mediterranean after SSW events (Fig. A3b), while anomalously increasing

over the UK and Scandinavia, as well as over southern Europe, after SPV events (Fig.

A3c). These results indicate that storm counts over Europe exhibit a response to the

stratospheric forcing, with respect to their climatology. However, the results are not

significant in most European region (possibly due to the small sample size of storm

counts per country).

Additionally, we examine the month-to-month variability if high-impact storm count

anomalies as a function of month and region (Fig. R2 below). After SSWs (left panel),

there is generally a decrease in storm counts for most regions, except for central and

eastern Europe. For comparison, storm counts after SPV events (right panel) exhibit

an increase in storm counts in western and northern Europe, as well as in Scandinavia

and eastern Europe. This plot demonstrates that the signature of the tropospheric

response is thus both region-dependent and month dependent (Fig. R2).

Thus, high-impact storm frequency in Europe are becoming less frequent after

SSW events and more frequent after SPVs. We further summarize this comparison

for all European countries and all winter months (Fig. R3). We find that the av-

erage anomalies of storm counts are centered around zero for both SSWs and SPV

events, as expected (i.e., some regions exhibit an increase while others a decrease).

Incorporating additional impact datasets in the future can help to further determine

the statistical significance of the downward influence of the stratosphere on extreme

storm events.

- Line 275: “as well as storm genesis regions” – this is not shown here, either delete or add a

reference to support it.

This sentence refers to shifted in extratropical cyclones genesis regions shown in an-

other paper (Rupp et al., 2024). We have rephrased this sentence and added a relevant

reference.

- Overall, the results are contrasting in terms of storm counts Vs. storm footprints. The first

shows reduction over most of Europe during SSW compared to strong vortex, and the second

shows enhancement. The damage data show a mixed response. The only agreement is found for

Scandinavia. This major contrasting finding is not even discussed, but rather smoothed out with

too vague text. In the text, only data availability is mentioned as a limitation, but it is unclear

if this is the only reason for any discrepancies in the results, which are not discussed. Relevant

aspects such as the influence of storm frequency Vs. intensity are not analyzed or discussed. The

concluding sentence in lines 299-300 (“Overall, this analysis indicates that a similar response pattern

is found in both datasets following SSW and strong vortex events, supporting the conclusions from

the EM-DAT dataset”) is therefore not true and even the opposite is the case for most of Europe.
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Unless there is something I missed, this is a major outstanding issue with the revised manuscript.

We would like to clarify that the results, obtained from either reanalysis or impacts

datasets, are consistent, although they may appear to be contrasting in a first glace.

Here we explain our arguments point by point, as follows:

• We have updated the definition of SPV events, and revised Fig.1 in the manuscript.

The updated figure shows that the spatial pattern of storm frequency shifts sig-

nificantly compared to reanalysis during SSW and strong vortex winters (in the

30-day period following the events). The shift is known to be significant for the

North Atlantic (Fig. 2), but the response over Europe remains unclear.

• Counts of high-impact (disaster) events recorded in the context of extratropical

cyclones (named here ’storm counts’), shown in Fig.3, indicate the total number

of disasters recorded after SSW and strong vortex events, thus this is a measure

that is purely impact-based (i.e., a storm without major impact would not be

reported).

• The difference in disaster counts between SSW and strong vortex events, shown

in Fig.3c, suggests that high-impact storms are more frequent over Europe during

strong vortex compared to after SSWs.

• Individual cyclones may cause most of their impact southward or poleward of

their track (determined by the point of minimum pressure). In addition, cyclones

can propagate across Europe without being accounted as high-impact.

• Thus, while cyclone frequency is significantly enhance over southern Europe after

SSWs and over northern Europe after SPVs (Fig.1), anomalous increase in storm

impact is more country-specific (Fig. A3) and depends on both the intensity

of the storm and the country’s socio-economic preparedness, rather than being

dependent only on the storm’s track.

Consequently, the economic loss associated with these storm disaster events demon-

strate a difference in loss between southern and northern Europe, consistent with the

changes in the regional patterns of surface wind speed and the storm’s footprint based

on reanalysis.

Additional comments:

- Line 149 and throughout the text: Events identified above the 20% threshold should not be

termed “extreme”, but rather moderate strong/weak events, to avoid confusion with the more ex-

treme events as described above.

We agree, and rephrased this terminology from ”extreme” to ”moderate” as suggested
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by the reviewer.

- Data and Methods section: there is no description of the methodological approach taken

to statistically examine the relationship between stratospheric states and surface impacts, and to

quantify the significance. Also, justify the usage of the 30-day window following stratospheric

anomalies, which appears for the first time in the caption of Fig. 1.

We have added an explanation in the Methods section on why we use a 30-day win-

dow to assess stratospheric impacts (stratospheric influence is persistent in the tro-

posphere). As for the methodological approach taken to statistically examine the link

between stratospheric states and surface impacts, we have moved from the figure cap-

tions to the Methods, as suggested by the reviewer. Using the Mann-Whitney U-test

is appropriate for the small sample size, and does not require an assumption that the

data follows a normal distribution.

- Figs. 1 and 2: the units of precipitation is likely not meters but mm/day? Actually, the

accumulation time is not noted in subsection 2.1.

We use total precipitation from ERA5 converted from hourly values to daily sums.

Units are ’mm per day’. We have added this information to the Methods section and

corrected the figure caption.

- Lines 206-207: this sentence is out of context and can be deleted.

We have deleted this sentence.

- Lines 221-224: this paragraph fits better before the previous one, to first start with the cli-

matological count, and later describe the subset that follows stratospheric events.

We have re-ordered the paragraphs in this section, as suggested by the reviewer (cli-

matology first, and stratospheric events later).

- Compound hazards: this fits better in the Result section rather than in the Discussion and

Conclusions.

We have moved this paragraph from the Discussion to the Results section, as sug-

gested by the reviewer.

Technical corrections:

Line 28: put reference in parentheses

Done.
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Line 129: unclear what CDS refers to

We corrected the missing reference.

Line 160: delete “cyclone frequency” and second “frequency”

Done.

Line 176: delete “a”

Done.

Line 179: “summarize” seems more appropriate than “evaluate”

Done.

Line 228: correct the sentence around “are is”

We rephrased this sentence.
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