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General comments 
The manuscript “Increasing Daily Extreme and Declining Annual Precipitation in Southern Europe: A 
Modeling Study on the Effects of Mediterranean Warming?” by Senatore et al. addresses an important 
and timely issue of the apparent paradox between increasing event (or daily) rainfall amounts despite 
the overall drying of the Mediterranean. While this issue was previously discussed in many studies, at 
least since Alpert et al. (2002), a complete answer seems to be lacking from the literature, and studies 
that provide pieces of this puzzle are needed.  

The authors use long-term ERA5-Land data to show the context of precipitation pattern change 
throughout the Mediterranean (and Europe), numerous gauge records from Calabria to show these 
changes over the region, and high resolution WRF model simulations to investigate the impact of 
changing sea surface temperature on precipitation. The combination of tools and analyses provides a 
potentially valuable contribution to the field; however, while the study, as it is contextualised, is 
ambitious, it suffers from several weaknesses that make this framing exaggerated. Specifically, (a) the 
manuscript lacks clear articulation of the knowledge gap it seeks to address (is it precipitation increase 
during extremes while total precipitation decreases? Is this clearly answered in the text?); (b) the 
authors invest significant effort in justifying the representativeness of both the Calabria region and the 
specific season chosen for simulation, suggesting that these are indicative of broader Mediterranean 
conditions and climate change trends. While these arguments are reasonable, the paper would remain 
valuable even if it were framed more narrowly — as a regional case study focused on Calabria and/or a 
specific season. Overextending the generalization to the entire Mediterranean may risk overstating the 
broader applicability of the results; (c) Lastly, the authors frame the research in the intensification of 
extreme precipitation while overall precipitation is decreased. However, their results suggest increase in 
total precipitation. While these are reasonable results given the framework of increased SST only, this 
should be explicitly mentioned, and the authors should explain whether their study shows an exception 
to the general behaviour, or it only addresses a specific part of climate change effects on precipitation.  

Given these comments, in my view, the manuscript should undergo major revisions before it could be 
published in HESS. Further comments are written below. 

 

Major comments: 
1) The last paragraph of the introduction provides both further motivation and background for the 

study (L64-67) and the task/object of the manuscript (L67-L84). In my view, the introduction 
lacks a clear description of the need for the work. After reading the first part of the introduction 
readers are likely familiar with some of the challenges and background related to understanding 
the impact of global warming on precipitation in the northwest Mediterranean. However, there 



is no direct statement clarifying what is not known and what is going to be resolved with this 
work. Please consider adding a description of the need and separate it from the task and object. 

2) The use of EURO-CORDEX in the study is clear. However, presenting the results over the entire 
domain is not necessary. The authors should consider focusing this part of the results on the 
Mediterranean area only. 

3) The Calabria region is at the focus of this study. The introduction lacks clear presentation and 
reader guidance about the region and why it serves as a case study, or why it is interesting to a 
broader readership unfamiliar with it.  

4) The comparison of ERA5-Land and gauge data seems insufficient to conclude that ERA5-Land 
"can catch the contrasting daily and annual precipitation trends" as well as the "results achieved 
along the entire northern Mediterranean coast". This is because: (a) no direct comparison was 
made. Could you provide a direct comparison of the results? For example, a scatter plot of 
gauge vs. ERA5-Land trends. This could either be done on a gauge-pixel basis, or interpolated-
gauge-to-pixel-pixel basis. (b) The fact results are promising over one area (Calabria) does not 
mean they are like that, or should be like that, over extensive areas such as the northern 
Mediterranean. If this claim is something you would like to present, please show a wider 
comparison using gauges from other areas of the northern Mediterranean as well. Daily gauge 
records are rather easy to find, and thus, this analysis seems manageable. Similar comparisons 
could be made with other, gridded datasets, considering their limitations (e.g., L228-239). 

5) Sect. 3.2 and Figures 6 and 7: Given that there is no description of the use of specific CMIP 
models over specific months, in my view, the details provided in Figures 6 and 7 are excessive. 
You could provide, for example, a plot like the one below, showing the changes throughout the 
year. If the specific models are needed you could plot them as spaghettis, and if they are not 
needed, a shaded area would be more helpful. This could be done for the actual values and for 
the difference ("delta") values, and if it looks alright you could even provide the two SSP 
scenarios on the same plot, thus, minimising the figures to only two panels. More generally, it 
seems like the whole purpose of this section is to justify the use of the specific numbers which 
were then simulated, which is alright, but you could provide these numbers with a symbol on a 
graph (e.g., add the 2019 values and the -1, 0 and +3 values to the "delta" panel plot) and make 
the text much shorter (one paragraph).  

 



6) WRF event simulation validation. In the FSS analysis, you use the 95th percentile, which is quite 
high, and get rather low values. While you mention that 0.5 "typically indicates valuable skill", 
actually it is 0.5 + the occurrence of half of a random forecast (Roberts and Lean, 2008), 
meaning that almost none of your forecasts are "useful" as termed by Roberts and Lean (2008). 
Even if we take the small portion of useful forecasts, they lie mainly in the larger averaging 
domains (e.g., "Size 19"), so the forecast is useful for 180X180 km and more, which is quite a 
bad statement. Please consider using the FSS with a lower threshold, unless you're specifically 
interested in pinpointing the really high precipitation accumulation values. You could, for 
example, take the 50th percentile out of the "rainy" pixels (e.g., where rainfall accumulation is 
greater than 1) or something similar. That's just an example for a threshold that I see as valuable 
but other thresholds could also be used. The thing is that taking the 95th percentile means you 
are trying to forecast extreme values and you actually show that this prediction is bad. 
Additionally, when describing FSS and CSI scores for the SST-1 and SST+3 simulations yo are 
showing validation of events which we do not expect to be similar to the observed. Therefore, 
the meaning of the validation of this forecast is vague. You can, however, suggest that lower 
scores indicate rainfall patterns had changed between the events, but this is sort of a weired 
way to examine it. A simpler way would be an application of a metric that measures similarity 
between precipitation fields, for example the SAL analysis (Wernli et al., 2008) where SST0 
serves as the "truth" while each of the other scenarios is examined against it.  

7) L327–337 and Fig. 13: Event #12 shows quite a lot of precipitation over the Tyrrhenian Sea and 
even more over the Calabrian peninsula. From the accumulated precipitation map (Fig. S12) it 
seems like there is a significant orographic enhancement of rainfall during the event. At the  
same time, it seems like there is quite a low correlation between the CAPE values presented 
(from the night before the peak of the event) to the accumulated precipitation map. This 
requires elaboration: either the night before is not a good representative time step, or CAPE is 
not such an important indicator for precipitation during the "actual" event. If the latter is the 
case, why should CAPE be a good indicator for the changes occurring between the three 
different scenarios? Did you consider examining the moisture flux perpendicular to the 
coastline/mountain ranges? Could you think of other mechanisms explaining this shift towards 
the Ionian Sea? How about the rainfall across the entire domain, does it go up or down in this 
event? A graph would help, so please consider adding another panel to Fig. 11 with precipitation 
over the entire domain. Can this shift be arbitrary? From Fig. 12 it seems like the shift is 
consistent, but the explanation is not clear to me. Can it be related to a shift of the cyclone 
center toward the Ionian Sea? If so, why? In my view, to better explain this part, a more detailed 
analysis is needed. Last note about this topic, "Negative values of omega, related to vorticity 
advection (e.g., Lenderink et al (2017))" — such values are not necessarily the result of vorticity 
advection, and are important indicator for precipitation even without vorticity advection. Also, if 
I remember correctly, the vorticity advection topic is not discussed in Lenderink et al (2017). 

8) Increase in extreme precipitation despite overall drying. The authors claim to investigate the 
intensification of heavy precipitation in the context of overall drying over the Mediterranean. 
However, the analysis seems to show that precipitation is increased across almost all rain events 
within the examined season in SST+3 and the opposite for SST-1. This raises questions about the 
apparent contradiction between their results and the broader drying trend they show and refer 
to. I would like to see some discussion explaining why this is the case and whether the results 



actually show the intensification of extremes, or rather they show a general intensification 
which is related to rising SST. If the latter is the case, this should be explained, and the 
discussion could describe the contradiction by suggesting alternative reasons for the overall 
drying, like reduced cyclone frequency (Zappa et al., 2015), shortening of the rain season 
(Hochman et al., 2018), decreasing land-sea gradients (Tuel and Eltahir, 2020) and a decrease in 
the area and duration of rain events (Armon et al., 2022). 

Specific comments 
L18-L28: The first paragraph is very general on the one hand, but puts a lot of emphasis on the 
expansion of the Hadley Cell on the other hand. While this is nice as a general introduction, it does not 
fully lead the reader to a better understanding of the background related to this specific study. I would 
suggest either being more specific — i.e. what is special about the climate change of the Mediterranean, 
or adding other examples to what governs climate change effects over the region in addition to the 
expansion of the Hadley Cell.   

L34-36: The claim for increased cyclonic activity is not supported by the cited reference. Aragão and 
Porcù's (2022) claim is that their algorithm produces 40% more cyclones compared with other cyclone 
detection algorithms. Please revise. Please correct also the connection to medicanes. Medicanes are 
indeed form in the Mediterranean and lead to destruction, but this is not related to the fact the number 
of cyclones in the Mediterranean is increasing (which, in any case, is not supported by the reference 
cited).  

L105-106: Did the authors apply the mentioned techniques? If so, would you please elaborate? If not, 
please describe better the procedure and mention who is responsible for it. Could this procedure 
change the value of extreme events? 

 L123: To my view, there is not much of a comprehensive overview of the dataset in Table 1. Rather, 
there is a list. Please delete the text in the parentheses except for the words "Table 1". 

L133-134: " Non-parametric trend tests like the... were employed" — please be specific. Are these the 
only tests or are there others?  

L195 (and L208): " resulting in more probable flooding challenges across Europe (Fig. 2b)." this claim is 
problematic since greater RX1day does not necessarily mean more probable flooding challenges, as 
floods come in different flavours. See for example Blöschl et al. (2019).  

L196: " These results are largely consistent with previous literature." is there literature showing ERA5-
land trends over the EURO-CORDEX region? If there is, this should have been mentioned in the 
introduction. If there is not, it is better to explicitly mention the "previous literature". In that case, the 
introduction misses a description of what was not done before which you are showing here (e.g., 
calculating trend in ERA5-Land versus trends in other models).  

Figure 3: Could you add axes labels to the small quadrant graph? This would make it much easier to read 
(rather than remember) what every zone is represents. A different approach would be to incorporate all 
zones into one graph but vary the colours. Could you try this approach in order to minimise the number 
of panels for this figure? 

Figure 4: The resolution of the figure is too low. Please provide a better resolution version of it.  



L213-218: The results of significant trends in RX1day should be treated carefully! Considering random 
processes, we would expect to find more or less 7 gauges (5%) with positive and 7 gauges with negative 
trends. Please make sure to address this. In contrast, L219-227 discuss mainly the non-significant trends. 
There, a note should be highlighted saying that these are non-statistically-significant results.  

Figure 5: I would suggest the same as in Fig. 3 — combine all quadrants and vary the colours.  

L240-241: This claim is not clear to me. Please explain.  

L254: Please explain what is the value which the "±" sign refers to (is this the range, standard deviation, 
10–90 quantile range?) 

Figure 9 and L276–277: Could you provide a reference to another figure, preferably Fig. 1, where you 
show the area over which you do this spatial interpolation and its boundaries? Is it the same area for the 
observations and model? What type of interpolation are you using?  

Additionally, some events seem to have a less skilful simulation, especially in terms of the spatial 
distribution of rainfall, for example, event #2. Could you provide some details why that is the case while 
others are simulated almost perfectly? 

Figure 10. If I understood you correctly, boxplots represent the variability across the 20 different events. 
Is that correct? Please describe this in the text. Furthermore, the labels "Size1... Size19" are not clear. Is 
this when averaging across 1 pixel, 3 pixels... 19 pixels? Please explain.   

Figure 11. What is symbolised by the shaded area? What is represented by the line? Please explain. Also, 
could you add a panel showing the (non-normalised) linear regressions discussed in L299–L310? 
Additionally, when presenting values in a normalised axis, it is common to present it in log distances, 
such that e.g., a decrease of 50% has the same distance from 0 change as an increase of 100%.  

L342–343: Could you explicitly write what you mean by those features? The authors' analysis is focused 
on precipitation accumulation, rather than intensities, and " tracking" is not clear to me in this context. 
"Cyclone tracks" is further mentioned in L401, which is again, not clear to me.  

L355–357: Similar conclusions were made earlier by Zappa et al. (2015). Please consider citing them.  

L387: For Storm Daniel, please consider using more relevant literature focusing on the meteorology and 
hydrology of the event, e.g., Armon et al., (2025) or Flaounas et al. (2024). 

L405–407: This was shown before, over many different studies (e.g., Prein et al., 2015; Ban et al., 2014; 
Pichelli et al., 2021; Coppola et al., 2020). 

L411: Since many studies have already used PGW with more parameters changed rather than only SST, 
this sentence is not clear to me. Please consider revising this statement. Also, the statement in L413–
415 is not in place here; it should either go in the discussion or be deleted, because other factors are 
competing with it, such as soil drying because of longer dry spells. 

Data availability: The netcdf files contain accumulated precipitation, but the 'Times' (at least for the 
SST+3) vector is corrupted (it contains '0' only). Additionally, there is no spatial information except for 
the number of grid cells. If you can, it would be very helpful to accommodate the real times in the vector 
and add information about the coordinates of the data, e.g., lat/lon vectors or arrays.  



Technical corrections 
L40: "contributes to lead" — please stick with either contributes or lead.  

L42: "trigger dynamically" — please revise. You could, e.g. use "dynamically interact with orographic 
lifting" or something similar. 

L60: "as the Ianos cyclone occurred in 2020, producing" would be more readable if you expand the 
sentence like "such as cyclone Ianos that occurred in 2020, which produced..." 

L76: "events occurred" please expand to "events that occurred". 

L97: "lies" should be "that lies". 

L295: "evapotranspiration" should probably be "evaporation". 

Fig. 12: Please correct the "Tyrrenian" label in Fig. 12 to be similar to what's written in the text i.e., 
"Tyrrhenian".  
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