
Review of “How atmospheric and surface conditions shape recurrent heatwaves in 
Europe: From local to continental scales” 
 
The work of Dillerup et al. investigates the recurrence of heatwaves in Europe using the 
ERA5 reanalysis during the period 1950-2024. The authors look at the recurrence at local, 
object and continental scales and investigate the difference between recurrent and non 
recurrent heatwaves, with regards to their length, intensity, spatial extent, and links with soil 
moisture and large scale circulation.  
 
While the paper has a clearly defined research question that is of interest for the scientific 
community working on heat extremes, I found the paper confusing in how statistical and 
technical choices are made and the results presented, to the point that I have doubts in the 
robustness of what is inferred by the authors. Moreover, the authors do not really investigate 
or test any physical hypothesis for explaining why and how the recurrence occurs, at any 
spatial scale, which makes this work only descriptive. This comes as a surprise given that 
there is an emerging literature on the recurrence of weather systems and the feedbacks with 
land surfaces explaining the dynamics of persistent and/or recurrent heat events, that the 
authors seem to ignore. As a consequence, at the moment I am not convinced about the 
strength and the validity of the results presented here and I cannot recommend it for 
publication. Please find below my major and minor comments. 
 
Major comments: 
 

1.​ I must say that I had some difficulties understanding the different “recurrence” 
between the definitions at local, object and continental scales, that do not always 
seem to be mutually coherent to me. I wonder whether using the same word for 
things that measure completely different mechanisms is a good choice in terms of 
clarity and understanding. More precisely: 

a.​ Local recurrence: this definition is the easiest to follow and makes sense to 
me and is the closest to the current literature, although I was not sure whether 
when one heatwave is followed by another one the entire period was flagged 
as being recurrent or only the second heatwave. 

b.​ Object recurrence: I had a really hard time understanding the definition of 
recurrence here. The upper and lower quartiles of percentage of grid points in 
a local recurrence seem to be intrinsic properties of each heatwave object 
through its lifetime. But then how can heatwave objects be selected based on 
this upper quartile to be strongly recurrent heatwave objects ? (L174-175) 

c.​ Continental recurrence: this definition at the continental scale is slightly 
strange because it can flag as “strongly recurrent” summers with very different 
dynamics, for example with a recurrence of weather systems occurring in 
western vs eastern Europe. What is the need to aggregate a measure of 
summer recurrence at the continental scale ? Why can’t it be done at the grid 
point level ? 

2.​ Sensitivity of the separation between single and recurrent heatwaves: the authors are 
aware that their separation between single and recurrent heatwaves is sensitive to 
the arbitrary thresholds proposed, and provide some sensitivity tests. Nevertheless, I 
found those tests quite minimal: it does not require a lot of variability to misclassify a 
single heatwave to a recurrent heatwave or vice versa. Shouldn't there be a more 



stringent criteria to separate the two ? Like for example at least 3-4 days below the 
quantile ? How does the choice of the 90th quantile affect your conclusions ? 

3.​ Lack of a null hypothesis for the recurrence: where I struggle to make sense of the 
results is that I do not find any null hypothesis for how single and recurrent 
heatwaves should behave and thus what is surprising/unexpected in the results 
presented. If you consider a red noise process over the summer, and apply your 
selection criteria, you will find both single and recurrent heatwaves: would their 
statistics be different from the one you find ? In other words, can the differences 
observed be attributed to statistical noise ? 

4.​ Strong spatial differences in Europe: a lot of the results presented by the authors are 
heatwave objects and/or metrics aggregated at the European level (e.g. Figure 3, 5, 
6 and 7) without taking into account that between south Spain and Latvia the 
dynamics of heatwaves is pretty different. Just as an example, there are substantial 
differences in the standard deviation of the daily maximum temperatures between 
months and regions: a +1K anomaly does not always mean the same thing. 
Moreover, because of spatial disparities between the events identified (e.g. Figure 4), 
this introduces a spatial bias when averaging, implicitly favoring certain regions over 
others, reinforcing this effect. As a consequence, I do not know how to interpret the 
results shown in most figures. 

5.​ I think the authors may find it interesting to compare their results to several works 
that have investigated the dynamics of long heatwaves, hot summers and/or 
persistent heat extremes in general, especially with regards to the question of 
recurrence (of heatwaves or other weather systems). Among others: 
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Minor comments: 
 

1.​ L1: “Their recurrence, defined as sequences of heatwaves separated by short 
breaks, is projected to increase disproportionately under climate change, yet remains 
poorly understood”, same L42 -> my understanding of the references cited in the 
introduction to justify this claim (Baldwin et al. 2019 and Zhang et al. 2025) is that the 
two studies do not detrend the data they use to compute this metric (contrary to what 
the authors do), which mechanically increases the number of sequences of 
heatwaves. Baldwin et al. (2019) in particular write the following: “given there are 
more hot days, those hot days occur closer together in time and are more likely to 
compound.” 

2.​ L30: “frequently associated with persistent anticyclonic circulation patterns” -> this is  
quite an understatement: in Europe anticyclonic conditions are a necessary condition 
for surface heat extremes. 

3.​ Could the authors comment on the quality of ERA5 for soil moisture and daily 
maximum temperature ? 

4.​ L107: “we first detrend daily maximum temperatures in each grid cell using a 
second-order polynomial" -> I am not sure this is the correct way to compute 
anomalies to correct for the non-stationarity of the time series. Regressing on a 
measure of the global mean surface temperature or regional mean surface 
temperature would likely be better. As you use daily maximum temperatures, have 
you evaluated whether the aerosols impact in the 1950-1980 period is small enough 
that there is not an important change in the variance of this variable ? This would 
bias your detection of heatwave objects.  



5.​ It took me some time to understand over which months the heatwaves are computed, 
probably worth mentioning it more clearly in the method section. Moreover, is it 
relevant to group together months from May to September ? In May soils are usually 
much moister than in July and one could wonder whether one can expect a similar 
dynamics of heatwaves at these two moments of the year.  

6.​ L108: “90th percentile of the detrended daily maximum anomalies for each grid cell 
using a 31-day running window over the 1991–2020 reference period” -> why only 
1991-2020 ? Why not the entire period of study ? 

7.​ Figure 3 and L198: “Subsequent recurrent heatwaves consistently show similar or 
lower anomalies than their preceding heatwaves.” -> I must say that I have a really 
hard time seeing any significant (in the sense of important) differences in the 
statistics presented in Figure 3, apart maybe for soil moisture. First, the authors say 
that they tested the statistical significance using a Mann-Whitney test: this test 
measures whether two distributions are different, whereas I think here what the 
authors want to measure is more whether the average or the median of the 
distributions are different (based on their comments in the text). Second, the 
differences that I read on the graph of the median of the boxplots are minuscule 
compared to the variability between events (visually at least a factor 10): these 
differences may well be statistically significant because you have a very large 
sample, it does not mean that they are physically significant in the sense of showing 
a major difference between the different events. 

8.​ Table 1: Those results are interesting but difficult to compare to each other, wouldn’t 
it be possible to present them in a visually more intuitive way ? 

9.​ L243: “Strongly recurrent heatwave objects have longer mean durations (27.91 days) 
than weakly recurrent ones (8.58 days), indicating that longer-lasting objects are 
more likely to shift spatially and subsequently return to some of the previously 
affected regions” -> I have the impression that this result is a tautology: don’t you 
define strongly recurrent heatwave objects precisely to measure that ? How is this 
surprising ? 

10.​Figure 4: I cannot make sense of the values that I read on those plots: how can there 
be only 20+10 heatwave objects for strongly and weakly recurrent heatwaves over 
the May-September 1950-2024 period for, for example, grid points in central Europe 
? Does the criteria to select strongly and weakly recurrent heatwave objects filter that 
strongly the events ? 

11.​Figure 6: the differences in the attribution of weather regimes seem really small to 
me, probably because you mix events coming from very different places as 
discussed above. Is there a way to visualize the typical variability of the attribution 
frequency and to assess whether the differences are significant or can arise from 
pure variability ? 

12.​L363: “continental heatwave recurrence represents a distinct feature of summer 
rather than merely reflecting particularly hot seasons” -> I think it is statistically not 
possible to make this distinction, whatever the results of the authors. This comes 
from the fact that they study a total of 75 continental summers, from which only 
something like 7-8 can be considered extreme (using the same percentile as the 
authors use to define heatwaves). From this very low number of extreme summers, 
and because of the spatial variability outlined above, there is simply too much 
statistical noise to make the distinction claimed by the authors.  


