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General comments to the Reviewers  12 

We would like to thank both reviewers for their thoughtful, encouraging and constructive 13 

comments. Below we reply to each comment and describe the changes to the manuscript 14 

resulting from them. In particular Reviewer 2 requested a substantial number of additional 15 

figures. We have therefore decided to accompany the main manuscript with a supplement, 16 

which contains the additional figures. Furthermore, two additional figures are included at the 17 

end of this document for reviewer reference. Moreover, substantial changes we made to the 18 

revised manuscript include the following. (1) We now consider additional variables in the 19 

discussion of our case studies, namely the integrated vapor transport as well as the quasi-20 

geostrophic vertical motion at 500 hPa, forced from the atmospheric layers above 550 hPa 21 

(hereafter IVT and QG, respectively). Moreover, we currently explore whether a quantitative 22 

measure of the tropospheric static stability can be meaningfully incorporated in this study. (2) 23 

We discovered that the plotting routine we used to produce the original Figs. 8 and 9 (NCL) 24 

only drew a hatching (to indicate statistical significance) when multiple neighbouring grid 25 

points were deemed significant. This led to the impression that many 𝑭, 𝑵, 𝑷 and 𝑹 values 26 

were not significant while in fact they should have been labelled as significant in the original 27 

Figs. 8 and 9, based on our non-parametric test. We now plot the significance information by 28 

masking out insignificant grid points in the revised Figs. 8 and 9 as well as in Figs. S6–9. 29 

All other comments have also been addressed and were particularly useful to more clearly 30 

present our results. Reviewer comments are included below in blue font colour and our replies 31 

in black. 32 
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Reviewer 1 33 

This paper presents an assessment of long wet spells across Europe and their association with 34 

PV cutoffs and extratropical cyclones. I find this an interesting study that contributes to the 35 

breadth of knowledge of extreme event drivers, although provides only small amounts of new 36 

scientific insight that has not been documented in the already published literature. Overall, I 37 

have very few comments as this study presents four case studies and the dynamics surrounding 38 

them. My main query is regarding to the anomalies presented in Figs 8 and 9. I find the method 39 

of calculating the climatology unusual and expand more upon this below. Furthermore, I 40 

question the use of ERA-Interim reanalysis when the newer and higher resolution ERA5 has 41 

been readily available for some time now. Once the authors address my comments I recommend 42 

this manuscript for publication as I believe it will suit the journal well. My main points to be 43 

addressed can be found below. 44 

 45 

Comments 46 

1. L50 – the reference needs re-formatting. The comma should not be there. 47 

 48 

Ok, changed as requested, thank you for spotting this typo. 49 

 50 

2. L55-65 – I would re-phrase this paragraph. The way it is introduced suggests that features 51 

such as WCB, fronts, cyclones are individual features, when this is rarely the case and they are 52 

often all part of one synoptic system. I appreciate the authors do mention this toward the end 53 

of the paragraph, however I think this could be phrased better. 54 

 55 

This paragraph has been rephrased to more clearly emphasize that these features are 56 

dynamically related and often occur in association with one another. 57 

 58 

3. L135-143 – The choice of ERA-Interim as an analysis dataset is a confusing one. Newer 59 

reanalysis products such as ERA5 have been readily available for several years now and using 60 

a more up-to-date product, with higher resolution would surely be beneficial for a study such 61 

as this. The specific dynamics and features that would be resolved would increase and also the 62 

issues with precipitation mentioned by the authors may be reduced. Have the authors tested 63 

their selection of the wet spells to the different precipitation products? Would there be different 64 

climatologies in Figs. 1, 7, 8, 9 as a result? 65 

 66 
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We see the rationale of this comment but we still believe that we have good reasons for the 67 

choice of the used data set. We very intentionally worked with precipitation data from a 68 

reanalysis data set as opposed to observational precipitation data, because the purpose of the 69 

study is to examine the role of cyclones and cutoffs for unusually long wet spells, and thus the 70 

consistency between the precipitation data and the SLP, wind, PV fields etc. is crucial. 71 

However, we agree with the reviewer that using ERA5 data in this study would, in principle, 72 

be desirable. The main reason for choosing ERA-Interim instead, though, is that the Portmann 73 

et al. (2021) PV cutoff climatology is only available for ERA-Interim and cannot easily be 74 

adapted to ERA5, due to very large computational costs arising from the sophisticated PV cutoff 75 

tracking routine which is part of the Portmann et al. (2021) algorithm. In the following three 76 

arguments we motivate our choice for using ERA-Interim data and elaborate on why using 77 

ERA-Interim as opposed to ERA5 is not expected to affect the qualitative findings of this study.  78 

  79 

(1) The Portmann et al. (2021) PV cutoff identification algorithm involves a sophisticated 80 

three dimensional Lagrangian tracking routine, which is based on kinematic air parcel 81 

trajectories. This tracking scheme is clearly distinct and, in our opinion, superior to other 82 

tracking routines for cutoffs (e.g., Bell and Bosart 1989; Nieto et al. 2005; Pinheiro et 83 

al. 2017; Muñoz et al. 2020), for three reasons. First, it is the only one that uses the PV 84 

framework, while others are based on relative vorticity and/or geopotential height. 85 

Second, the tracking uses kinematic air parcel trajectories and quasi-conservation of PV 86 

on isentropic surfaces. These two reasons render this approach particularly consistent 87 

with fundamental principles in atmospheric dynamics. In addition, this trajectory-based 88 

approach also works in regions where cutoffs move rapidly, for example near the jet 89 

stream where consecutive features do not always overlap spatially. And third, it allows 90 

for three dimensional feature tracking and therefore circumvents any dependence on the 91 

choice of a vertical level. This is important because cutoffs often strongly evolve in their 92 

vertical structure (e.g., Portmann et al. 2018) and can therefore only be meaningfully 93 

tracked with a three-dimensional tracking scheme. However, this tracking scheme is 94 

computationally very expensive already for ERA-Interim, and applying it to ERA5 95 

would further increase the computational costs by a factor of 24 (6 times higher 96 

temporal resolution, four times more grid points per model level), which we do not 97 

consider feasible at the current stage. 98 

 99 
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(2) We expect that synoptic to large-scale flow structures such as cyclones and upper-level 100 

PV cutoffs are well resolved already in ERA-Interim, as the major improvement from 101 

ERA-Interim to ERA5 lies in the resolution of smaller-scale processes and weather 102 

features. Note that throughout the manuscript we investigate these synoptic to large-103 

scale flow structures and not their smaller-scale substructure. Therefore, we do not 104 

expect that discrepancies in ERA-Interim and ERA5 cyclones and cutoffs would 105 

question our conclusions on a qualitative level.  106 

 107 

(3) We only rely on the ERA-Interim precipitation field for identifying the wet spells, 108 

whose characteristics are displayed in Fig. 1. Reproducing Fig. 1 with ERA5 data (Fig. 109 

A1, at the end of this document) reveals no drastic differences between the wet spell 110 

duration, accumulated precipitation, mean precipitation rate or seasonality compared to 111 

ERA-Interim. Especially for this reason, we do not expect a major benefit from 112 

reproducing the analysis using ERA5. 113 

 114 

In summary, we share the reviewers view that the use of ERA5 in principle would be preferable 115 

for the current study, in particular if the PV cutoff climatology of Portmann et al. (2021) were 116 

available for ERA5. However, for the three reasons above we believe that using ERA-Interim 117 

is justified given the purpose of this study.  118 

 119 

4. L175 – How sensitive are the results to the choice of mask radius/distance from gridpoint? 120 

Why did the authors choose 400km? 121 

 122 

We tested radii of 200 to 600 km for both weather features and now included the respective 123 

results as Figs S6–9 in the Supplemental Material. There is little qualitative sensitivity to the 124 

exact choice of the radius 𝑟 for this range of values. A smaller radius than 200 km or larger 125 

radius than 600 km seems unjustified based on synoptic experience. Both cyclones and cutoffs 126 

can surely induce precipitation further away than 200 km from the identified mask, e.g., along 127 

trailing cold fronts (of cyclones) or downstream of propagating cutoffs, where the quasi-128 

geostrophic forcing for ascent can be expected to be largest. Furthermore, if 𝑟 is increased 129 

beyond 600 km then during some time steps most of the study domain is “allegedly” under the 130 

influence of cyclones and cutoffs and almost all precipitation would be attributed to either of 131 

these systems. This also does not seem justified, as, e.g., in summer over complex topography 132 

the majority of precipitation falls due to diurnal convection (Rüdisühli et al. 2020).   133 
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 134 

In the revised manuscript we mention our sensitivity analysis for 𝑟 and the results for 𝑟 = 200 135 

km and 𝑟 = 600 km. 136 

 137 

5. L194-201 – I find the choice of how the climatologies created confusing. From my 138 

interpretation you take all the days of the year that the wet spells occur (from start to end) and 139 

create the climatology based on those days of the year? Firstly, how many days of the year are 140 

in the climatology of each grid point – surely this varies depending on the average length of the 141 

spell and how likely the spells are to overlap/be in the same season. Secondly, would it make 142 

sense to have the climatology for all wet days and then the anomalies would be for how the 143 

unusually wet days differ from just wet days? On this, the wet spells in summer are also likely 144 

averaging some significantly warm (and cyclone-less) days as well, do these skew the 145 

anomalies significantly? Is the question of the paper how do unusually long wet spells differ 146 

from wet periods, or from all other days in general? This needs to be made clearer in the 147 

introduction. 148 

 149 

Both reviewer raised concerns with regard to the computation of climatological values for 𝐹, 150 

𝑁, 𝑃 and 𝑅 for the two weather systems. We therefore adopted a suggestion of Reviewer 2, 151 

which was to compute the climatological values simply as the mean values over the respective 152 

Monte Carlo sample. These new climatological values do not differ substantially from the 153 

original ones, but given that both reviewers found our original approach somewhat confusing 154 

we chose to adapt this simpler definition of climatological 𝐹, 𝑁, 𝑃 and 𝑅 in order to increase 155 

the clarity of our approach. The number of days contained in this new climatological values 156 

still vary in space depending on how long the 𝑺20 are at each grid point (as correctly noticed by 157 

the reviewer), but this seems justified given the strongly differing seasonality and duration of 158 

the 𝑺20 . In the revised manuscript (last paragraph of Section 2.5) we now more explicitly 159 

mention the variable number of days in the climatology. Moreover, the new climatological 160 

values reflect climatological values for wet and dry days and we now also specifically mention 161 

this fact in the revised manuscript (last paragraph of Section 2.5). The anomalies in the original 162 

and revised Figs. 8 and 9 therefore inform about differences in cyclone/cutoff characteristics 163 

during the 𝑺20 and average conditions during the respective days of the year. Constructing a 164 

climatology solely of wet days would be a valid alternative, which, however, would help to 165 

address a slightly different research question, namely how cyclone/cutoff characteristics differ 166 
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during the 𝑺20  from average wet day conditions. We believe both research questions are 167 

worthwhile, but it is the first of these two research questions that we would like to address here.  168 

 169 

6. Fig. 1 – it would be good to also show the variation in the length of the extreme wet spells. 170 

How much does this variation skew the averages shown in this figure? Would the median be a 171 

better choice for some of the panels? L294-295 (and throughout) – are the numbers quotes for 172 

N_cyclone and F_cyclone statistically significant? If not then this does not suggest that these 173 

wet spells feature unusual synoptic conditions. 174 

 175 

To visualize this variability amongst the 𝑺20 panels (a-d) of the new Supplemental Figure 1 176 

now show the duration and accumulated precipitation of the longest spell per grid point (𝑆1) 177 

and the twentieth longest wet spell (𝑆20). Moreover, we follow the advice of the reviewer and 178 

show in the revised Fig. 1a,b the median duration of the 𝑺20  (Fig. 1a) and the median 179 

accumulated precipitation (Fig. 1b). 180 

 181 

Furthermore, the reviewer is right in noticing that statistically not significant 𝑁𝑐𝑦𝑐𝑙𝑜𝑛𝑒  or 182 

𝐹𝑐𝑦𝑐𝑙𝑜𝑛𝑒 do not indicate unusual cyclone characteristics. However, the purpose of quantifying 183 

the four cyclone and cutoff characteristics is not just to identify significant departures from the 184 

local climatology. Rather these quantities also inform about regional differences in the roles of 185 

cutoffs and cyclones. For the latter reason the four quantities are included in the case study 186 

discussions, irrespective of whether or not they statistically significantly differ from respective 187 

local climatological values.  188 

 189 

7. Fig. 5 – please define the Streamers in the figure caption and the text. These are not 190 

introduced prior to this in the text and therefore should be explained.  191 

 192 

Ok, we now introduce the term PV streamer more clearly in the revised introduction, following 193 

Appenzeller and Davies (1992). 194 

 195 

8. L463-464 – I would argue that the residence times are somewhat similar for the UK and the 196 

Italian seas. I’d rephrase this paragraph to reflect the lack of differences in this field. 197 

 198 
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Agreed, in the revised manuscript the sentence reads: “A further region with particularly 199 

noteworthy cyclone characteristics (and their anomalies) during the 𝓢20 are found in the seas 200 

around Italy.” 201 

 202 

Reviewer 2 203 

In this study, Röthlisberger et al. examine, through illustrative case studies and systematic 204 

climatological analysis, the role of cyclones and PV cutoffs for the occurrence of unusually 205 

long wet spells in Europe, defined as the 20 longest wet spells at each grid point in the ERA 206 

Interim reanalysis during 1979–2018. Overall, I found the manuscript to be well-written, and I 207 

believe that the topic has substantial scientific merit. In addition, the results may help to inform 208 

future work on predictability and climate change impacts for these events. Increased 209 

understanding of the synoptic-scale dynamical processes and weather systems that result in very 210 

long wet spells is clearly needed. The motivation for the study, the data and methods, and the 211 

results are described in a clear and concise manner. The figures are, for the most part, 212 

straightforward to interpret and support the conclusions drawn in the text.  213 

In my review, I came up with a number of minor comments, suggestions, and questions for the 214 

authors to consider. Once these have been satisfactorily addressed, I believe that this manuscript 215 

will be acceptable for publication in WCD. 216 

Comments 217 

1. Line 88–89: A brief discussion of the dynamical link between PV streamers and cutoffs and 218 

the process of Rossby wave breaking is needed here to provide a basis for later discussions of 219 

wave breaking and the formation of PV streamers and cutoffs throughout section 3. 220 

Accordingly, a basic definition of Rossby wave breaking in the text would also be helpful. 221 

Ok, we added a brief discussion in the introduction of the revised manuscript. 222 

2. Line 146: “(large-scale and convective)”   It would be better to explicitly state that the 223 

precipitation amounts analyzed in this study are the sum of the large-scale and convective 224 

precipitation in the ERA-Interim data. 225 

Ok, changed as requested. 226 
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3. Line 147: Is there a particular reason why you limited the analysis to the 20 longest wet 227 

spells? Would not the statistics be more robust if you were to include, e.g., the 50 longest wet 228 

spells instead? 229 

The reviewer is right in noticing that a larger sample of events would increase the robustness 230 

of our statistical analyses. However, the purpose of this study is to examine unusually long wet 231 

spells and this speaks against substantially increasing the sample size for two reasons: (1) A 232 

long wet spell can be unusual in the sense of being a rare event (hereafter “rareness criterion”), 233 

i.e., an event for which the average waiting time until a comparable event occurs (i.e., the return 234 

period) is comparatively long. This rareness criterion is important for the motivation of this 235 

study, because an event that occurs multiple times per year is much less likely to cause 236 

significant impacts than an event with a return period of several years. With the 20 longest 237 

spells in a 40-year period, we sample events whose return period typically exceeds two years. 238 

Substantially increasing the number of spells would violate the rareness criterion for an 239 

“unusually long wet spell”. (2) The analyzed spells should also be exceptional with regard to 240 

their duration in comparison to all other spells at the same grid point (hereafter “exceptionality 241 

criterion”). However, in some regions in Europe the total number of multiday wet spells (based 242 

on our 5mm/day criterion) is simply too small for substantially increasing the number of 243 

analyzed spells without violating the exceptionality criterion. To make this second aspect 244 

explicit, the new Supplementary Figure 1e shows the total number of identified spells 245 

(minimum duration of two days) and reveals that this number is highly variable in space. Along 246 

the Norwegian west coast, the spell count exceeds 900, however, e.g., around Crimea or the 247 

westernmost part of the Mediterranean fewer than 200 multi-day wet spells occurred. Over most 248 

regions, though, the total spell count exceeds 200, which means that fewer than 10% of all 249 

multi-day wet spells are considered in this study. Based on Fig. S1e and the arguments made 250 

above we believe that a sample size of 20 spells is a reasonable compromise between the 251 

statistical robustness of the results and the unusualness of the spells we analyze.  252 

Note further that we tested the sensitivity of our results to the sample size by considering the 253 

top five and top ten longest spells at each grid point. These sensitivity tests reveals no qualitative 254 

difference to the results in Figs. 8 and 9, however, as anticipated by the reviewer, the statistical 255 

significance of the results were much reduced (not shown). 256 

4. Line 175: How was this radius determined to be suitable for this analysis? How sensitive are 257 

the results to this radius? I suspect there are situations in which cyclones or cut-offs play an 258 
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important dynamical role in a wet spell at a given location but are located farther than 400-km 259 

from the location. Of course in this type of analysis you need to choose discrete thresholds to 260 

define events/ features and to examine relationships between them. I am not arguing that you 261 

should change this radius, but I do think some discussion regarding why it was chosen would 262 

be helpful here. 263 

We tested radii of 200, 400 and 600 km and found little qualitative differences, even though 264 

quantitatively, the value of 𝑟 of course strongly affects 𝐹, 𝑁, 𝑃 and 𝑅. Analogous figures to the 265 

revised Figs. 8 and 9 but for radii of 200 km and 600 km are now included in the supplement 266 

(Figs S6–9). Importantly, none of our key findings in this analysis (spatial variability of 𝐹, 𝑁, 267 

𝑃 and 𝑅; sign- and significance/non-significance of anomalies of 𝐹, 𝑁, 𝑃 and 𝑅) are altered 268 

qualitatively when varying the radius from 200 to 600 km. The exact choice of 400 km is based 269 

on synoptic expertise, which suggests that both cyclones and cutoffs can cause precipitation 270 

more than 200 km away from the identified mask, e.g., along trailing cold fronts for cyclones. 271 

However, considering areas beyond 600 km around the identified masks as directly affected by 272 

the cyclones/cutoffs appears inappropriate too, as with such a radius almost all precipitation 273 

might be attributed to either of the two systems. For instance, it is well known that summer 274 

precipitation over complex topography is often due to diurnal convection that is not directly 275 

due to cyclones or cutoffs (e.g., Rüdisühli et al. 2020). 276 

We now explicitly mention the robustness of these results to variations in the radius in the 277 

Section 2.5 and, as mentioned above, include analogous figures to the revised Figs. 8 and 9 but 278 

for radii of 200 and 600 km as Figs. S6–9 in the supplement. 279 

5. Line 194–201: I find this explanation a bit confusing. It is not clear to me how climatological 280 

values for the number of distinct cyclones per spell are computed in this manner if all days of 281 

the year in any year corresponding to the S20(x,y) are grouped. Perhaps I am misunderstanding 282 

the explanation of the methodology. It might be better to use the mean from the 1000-sample 283 

Monte Carlo distribution at each grid point as the "climatological value" as the Monte Carlo 284 

approach that you apply retains information about the consecutive days comprising each 285 

individual spell in the S20 sample. 286 

Both reviewers raised concerns with regard to how climatological values of 𝐹, 𝑁, 𝑃 and 𝑅 were 287 

originally computed. We therefore decided to adopt this reviewer suggestion and now simply 288 

compute the climatological 𝐹 , 𝑁 , 𝑃  and 𝑅  for both weather systems as the mean over the 289 

respective Monte Carlo samples. The anomalies in the revised Figs. 8 and 9 and Figs S6–9 were 290 
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computed with respect to these new climatologies. Moreover, we rephrased large parts of 291 

Section 2.5 (former Section 2.4) to better explain the Monte Carlo simulations as well as the 292 

computation of anomalies of 𝐹, 𝑁, 𝑃 and 𝑅. 293 

6. Line 216: How much variability is there in the duration of the S20 cases at each location? 294 

Are there some locations where the duration is highly variable between the S20 cases? 295 

Yes, the variability amongst the S20 is substantial, as we are sampling wet spells that are in the 296 

upper tail of the wet spell duration distribution. To illustrate this variability Supplementary 297 

Figure 1a-d now shows the duration (a,c) and accumulated precipitation (b,d) of the spells with 298 

rank 1 and 20, respectively. Moreover, in the revised manuscript we explicitly mention this 299 

large variability when discussing Fig.1. 300 

7. Line 217: A map of the terrain elevation over the domain in Fig. 1 could aid the reader in 301 

interpreting the results. 302 

Supplementary Fig 1f now shows the ERA-Interim topography in the study region. 303 

8. Line 235: Are the climatological percentiles computed for all wet days in all months of the 304 

year, or do they vary seasonally based on when the wet spell occurred? 305 

All wet days of the year. This is now mentioned explicitly in the revised Section 3.1. 306 

9. Line 258: An explanation is needed here regarding why these four particular cases and 307 

locations were selected. 308 

In the last sentence of Section 3.1. we explicitly state that we selected these cases subjectively 309 

due to their archetypal nature, out of a much larger set of cases we analyzed. 310 

10. Line 260: I really appreciate the concise yet information-dense synoptic analysis and 311 

discussion for the four selected wet spells. A main criticism I have for this study is that the 312 

synoptic analysis does not include quantitative diagnostics of processes and ingredients by 313 

which the cutoffs and cyclones support the persistent precipitation. While these processes are 314 

at times inferred or surmised in the text, no diagnostics for moisture transport, forcing for 315 

ascent, convective instability are provided. Inclusion of additional fields and diagnostics for 316 

each case would, of course, result in an increase in the number of figures and in the complexity 317 
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of the manuscript, so perhaps it is outside the scope of this study. Could additional analyses and 318 

diagnostics be provided as online supplemental materials instead? 319 

The reviewer correctly notices that excessive analyses of additional variables would push the 320 

length of the paper beyond reasonable limits. Moreover, our synoptic discussion of the case 321 

studies is based on well-known effects of cyclones and cutoffs on static stability and 322 

precipitation formation, which are also not contested by either of the reviewers. Therefore, we 323 

think it would be excessive to add another four figures to the main manuscript (one per case 324 

study) to quantify what is qualitatively apparent already in the current Figs. 3–6. Nevertheless 325 

we have compiled ERA-Interim climatologies of IVT and QG at 500 hPa, forced from the 326 

atmospheric layers above 550 hPa as in (Graf et al. 2017) and now show these additional 327 

(quantitative) diagnostics for all four case studies at the same time steps as in Figs 3–6 as Figs. 328 

S2–5. Moreover, we have rephrased parts of Section 3.2 to also discuss these new figures. As 329 

expected, the new figures generally support quantitatively what was qualitatively evident 330 

already from the original Figs. 3–6. Furthermore we currently explore whether we can 331 

meaningfully incorporate a quantitative measure of tropospheric static stability in Figs S2–5. 332 

11. Line 260: Perhaps this is outside the scope of your study, but I wonder if it is possible to 333 

include analysis and/or discussion of the large-scale/planetary-scale conditions that contributed 334 

to the occurrence of the four selected wet spells. Were persistent weather regimes in place over 335 

the Atlantic/Europe region that favored the synoptic-scale dynamical processes operating in 336 

each archetypal synoptic story line?  337 

Interesting comment. We specifically and very much intentionally narrowed the scope of this 338 

study to cyclones and PV cutoffs, but of course the reviewer is right in mentioning that large-339 

scale/planetary-scale conditions would be interesting too. However, in particular with the 340 

rather numerous other additional analyses that were requested by the reviewers, we feel that 341 

including further analyses of weather regimes and/or large-scale modes of variability would 342 

go beyond the scope of this study.  343 

12. Line 280: It could be useful to include more fields in the composite analyses for the four 344 

locations. Possible additional fields include sea level pressure anomalies, PV anomalies, and 345 

frequency anomalies of cyclones and cutoffs. Such additional fields could provide a more 346 

detailed, complete picture of the synoptic-scale conditions conducive to the S20 cases at each 347 

location. 348 
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For the revised Fig. 7 we removed the cyclone/cutoff tracks and show instead composites of 349 

SLP anomalies, IVT anomalies and anomalies of QG. We feel that these additional variables 350 

further clarify the composite structure of the 𝑺20 and therefore significantly add to the value 351 

of Fig. 7. Many thanks for this comment!  352 

13. Line 288: The information density in Figs. 3–6 is high. Overall, I think this is fine; I am 353 

able to read and interpret the figures fairly well. I do, however, recommend drawing the 354 

geographical boundaries and the SLP in different colors. This could help the reader 355 

distinguish the SLP field, especially when contours for several fields are superimposed. 356 

Ok, we changed the color of the geographical boundaries to a lighter gray.  357 

14. Line 297: You clearly and convincingly describe how recurrence and/or persistence of 358 

weather systems is key to the long durations of the four wet spells analyzed. I propose that 359 

Hovmoller diagrams of, say, upper-level PV anomalies or upper-level meridional wind 360 

anomalies overlaid by the cyclone and cutoff masks averaged in some latitude band would 361 

help to more clearly illustrate the recurrence and persistence during the spells. These diagrams 362 

would nicely complement the plan-view analyses in Figs. 3–6.  363 

Interesting comment, thank you. We produced the respective Hovmöller diagrams of 250 hPa 364 

meridional wind, with feature tracks overlayed (Fig. A2, at the end of this document). For the 365 

Norway case study the Hovmöller diagram together with the cyclone tracks is indeed 366 

underlining the discussion of this case in the manuscript. There is clearly recurrent ridge 367 

formation over the North Atlantic, which is associated with the recurrent passage of (fast 368 

moving) cyclones. For the other cases, though, the meridional wind signal induced by the 369 

cutoffs/PV streamers does not come out very clearly, presumably due to the complex shape of 370 

these features (see Figs. 3, 5 and 6). Also, the cyclone/cutoff tracks do reveal to some extent 371 

the stationarity of the respective features, but due to the intricacies of feature tracking (e.g., 372 

merger and splitting events) they are difficult to interpret. We therefore think that Fig. A2 373 

creates more confusion than clarity and refrain from including it in the main manuscript.  374 

15. Line 343: Physically this makes sense because PV cut-offs often form in association with 375 

Rossby wave breaking that results in meridional elongation of PV streamers equatorward of 376 

the midlatitude jet/waveguide. This location is too far north to be frequently impacted by 377 

cutoffs. 378 
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Yes, we agree mostly, although not all cutoffs in the Portmann et al. (2021) climatology 379 

necessarily need to form from anticyclonic wave breaking. In fact, Portmann et al. (2021) 380 

found that, aside from the aforementioned classical storyline of cutoff formation, they also 381 

frequently form from cyclonic Rossby wave breaking associated with extratropical cyclones 382 

in the storm track regions (i.e. poleward of the jet). According to Portmann et al. (2021), the 383 

PV cutoff frequency in DJF over Norway is between 7-9%, which is not substantially less 384 

than the 9-11% in the Mediterranean region. We therefore chose to keep our original, 385 

somewhat more general wording. 386 

16. Line 367: What processes were conducive to recurrent wave breaking/cutoff formation in 387 

this case? It seems that the recurrence was associated with temporal clustering of cyclone 388 

developments and associated ridge building upstream along the waveguide over the North 389 

Atlantic. Was this flow evolution related to an anomalous configuration of the North Atlantic 390 

waveguide? It may be worthwhile to briefly speak to the upstream processes that result in 391 

recurrent wave breaking. 392 

Interesting and certainly valid comment. However, we do not see a very straight forward way 393 

to determine what exactly was conducive to the recurrent wave breaking. To thoroughly 394 

address this question, simulations and/or statistical analyses of a large-enough sample of 395 

similar episodes would be required. We feel that such analyses would clearly go beyond the 396 

scope of this study. Moreover, we would like to refrain from simply hypothesizing about 397 

these causes, as without the aforementioned statistical/model-based analyses, hypothesizing is 398 

really all we could do.   399 

17. Line 430: I understand the justification for plotting all of the PV cutoff and cyclone tracks 400 

in this figure. However, I find it very difficult to make sense of the messy bundles of tracks in 401 

the maps, with the exception being Fig. 7b in which the tracks are mostly zonal. Is there a 402 

way to more clearly illustrate the track information? Alternatively, could the tracks be 403 

removed from these figures without compromising the discussion? 404 

For the revised Fig. 7 we removed the cyclone/cutoff tracks and now show instead composites 405 

of SLP anomalies, IVT anomalies and anomalies of QG.  406 

18. Line 461: Can you briefly explain why the Pcyclone quantity is anomalously low nearly 407 

everywhere on the map? 408 
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This simply means that cyclones occur at a higher rate during the S20 compared to 409 

climatology, because the rate at which distinct cyclones occur is the inverse of the cyclone 410 

period 𝑃. 411 

Technical corrections: 412 

Line 9: Define “PV” acronym here? 413 

Ok 414 

Line 67: “For unusually long-lasting wet spells, it is much less clear how and in association 415 

with which weather systems they form.” This sentence is a bit clunky. Here is a possible 416 

alternative: “The mechanisms and weather systems contributing to the occurrence of 417 

unusually long-lasting wet spells are less clear.” 418 

Ok 419 

Line 67–68: Change “Only few” to “few” 420 

Ok 421 

Line 109: Remove “responsible” 422 

Ok 423 

Line 163: Insert “the method of” before “Portmann” 424 

Ok 425 

Line 223: Insert “daily” before “precipitation rate” 426 

Ok 427 

Line 379: Start a new sentence with “The fifth” 428 

Ok 429 

Line 446: Insert “tend to” after “do not” 430 

We prefer our original formulation. 431 
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Line 522: Replace the colon with a period. 432 

Ok 433 

Line 525: Check whether "e.g.," is needed here. 434 

We think it is ok as it is. 435 

Line 528: Replace “behaviour” to “characteristics” ? 436 

Ok  437 
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Additional figures for reviewer reference 470 

 471 

 472 

Fig A1: As (the revised) Fig. 1 but for ERA5. Note that contrary to the original Fig. 1 panels 473 

(a) and (b) show the median duration and median accumulated precipitation of the ERA5 𝑺20.  474 
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 475 

Fig A2: Hovmöller plots of 250 hPa meridional wind (v) for the four case studies (a) 476 

𝑆1(37°𝐸, 55°𝑁), (b) 𝑆1(14°𝐸, 66°𝑁), (c) 𝑆1(12°𝐸, 43°𝑁) and (d) 𝑆1(25°𝐸, 48°𝑁). The 477 

meridional wind v has been averaged in a latitude band of ±15° latitude around the latitude of 478 

the respective spell, i.e., in (a) 40°N–70°N, in (b) 51°N–81°N, in (c) 28°N–58°N and in (d) 479 

33°N–63°N. Horizontal lines depict the start and end dates of the respective spell, while the 480 

vertical line in each panel denote the longitude of the respective spell. Purple and yellow lines 481 

indicate the longitude–time tracks of all cyclones and cutoffs whose masks overlapped with a 482 

circle of radius 400 km around the location of the respective wet spell. In panel (b) no cutoff 483 

tracks are shown due to the insignificance of cutoffs for the synoptic storyline of this spell. 484 


