
We thank Reviewer 2 for his/her comments and suggestions, which helped to improve the manuscript 

and to remove ambiguities/misunderstandings. Below we provide point-by-point responses to each 

comment. 

 

Specific Comments 

Section 1 – could you mention how many ARs affect Portugal each year? (line 64) and how much 

precipitation input they provide? Can you also define a little better what you mean by “infer the 

evolution of rainfall” – like trends throughout the period? Maybe mention this? Also, why give the top 

three rainfall events from 1863 to 2013 instead of in the whole record? What are the incidents reported 

by the Portuguese Civil Authority – are they rescues, or damage reports, or both? I think maybe some 

more clarity and context in this part of the Introduction would benefit the study. I suggest also when 

you define the goals for the paper in the last paragraph of the section, you could remind the reader 

again why this case study is important to understand – because it was so impactful, of course – but 

could it be better predicted if it was better understood? Are we expecting more events of this nature 

more frequently? Any other relevant literature on frequency of extremes or information on the 

predictability that could be included in Section 1? 

Answer: According to Ramos et al 2015, the top 6% most intense precipitation events in the Lisbon 

area occur in conjunction with an AR lasting longer than 2 time-steps, with a mean monthly occurrence 

of 2 ARs per winter month (October-March) from 1979 to 2012. In addition, Hay and Williams 2023 

state that ARs deliver 20-30% of annual precipitation in western Europe and the western US. 

There is not a clear trend in the IDL station measurements. The mean of ‘infer the evolution of rainfall’ 

resides on the fact that the 160-year long record allows us to see the interannual variation of 

precipitation, and the ‘return period’ of intense precipitation events. For example, we show the top 10 

events of the station (Table 1). With the exception of the 1876 event, all the other 9 top events occurred 

within the last 60 years. 

Time of Occurrence Precipitation Measurement (mm) 

13-12-2022 120.3 

18-02-2008 118.4 

05-12-1876 110.7 

24-10-2013 102 

30-01-2004 101.2 

19-11-1983 95.6 

19-10-1997 92.6 

02-11-1997 91.3 

11-10-1962 91.2 

07-12-2012 91 

 

We will rephrase since those records are applicable to the entire record.  

Reports from the Portuguese Civil Authority on the December 2022 event include flooding in several 

downtown areas, a number of buildings including a hospital were damaged, several road and vehicular 

tunnels were closed, and parts of the airport were also flooded. We believe that it could be better 

predicted if it was better understood. With that in mind, we made both a thermodynamical and 

dynamical analysis of the AR and atmospheric circulation around.  

From a climate change perspective several works found a clear increase in the IVT maximum 

distribution and an increase in both intensity and frequency of the ARs in the future under different 

warming scenarios (e.g. Ramos et al 2016).  



There is more relevant literature on frequency of extremes but related to other regions. Here we tried 

to include only those related to cases on the Iberian Peninsula. Concerning the predictability of ARs 

on the Iberian Peninsula, e.g., Ramos et al 2020 have analyzed the predictability of precipitation 

considering (or not) the role of ARs and found that for short lead times the direct forecast of 

precipitation is more accurate than indirect precipitation forecast based on IVT. However, these authors 

also show evidence that for longer lead times (around the 10th day), there is an added value to predict 

rainfall in western Iberia considering the associated forecast of IVT. 

 

Line 111- I don’t think this sentence is necessary – I’m not sure how you would justify not including 

the whole column or where you would stop computation. 

Answer: We apologize for the misunderstanding in the text. Since ERA5 has already available a 

vertical integral field of the northward and eastward water vapor flux, using the entire atmospheric 

column, it removes the additional computation step as it is computed internally by the ERA5. In the 

revised manuscript we have changed the text to clarify this issue. 

 

Section 2.1 – I am not clear on why not use the entire IDL daily precipitation record. 

Answer: We thank the reviewer for the comment. The classical measurements at the IDL station 

(performed by an observer) are available from December 1863 (the beginning of the station) until 

March 2020. However, due to covid-19, only the automatic station’s measurements are available since 

March 2020.  

 

Section 2.2 – Is there any additional justification on the detection methodology other than its wide use? 

What about it makes it so widely applicable and in particular applicable here? 

Answer: Ramos et al. 2015 developed an AR detection tool that allowed the identification of ARs 

affecting the Iberian Peninsula. This method applies the local 85th percentile of IVT distribution and 

standard geometrical criteria in order to identify the events. However, this method only detects ARs 

when the object makes landfall on the western coast of Iberia, i.e., at the final stages of the AR life 

cycle. With that in mind, a global AR detection algorithm was applied to the study of this extreme 

precipitation event in order to better understand the mechanisms behind its occurrence. In addition, 

this method (Xu et al. 2020) is available online as a free source code. 

 

Section 3 – what is the main takeaway from the spatial distribution? Is it the widespread nature of the 

event? There is also some discussion here about the record-breaking nature and percentile value 

associated with the given events. Consider keeping the discussion narrower and focused on the spatial 

distribution and what we are meant to take away from it, or perhaps provide all the same information 

(in a table?) for different stations that have had their records broken and include the percentile 

information, so we are getting the spatial sense of that as well. 

Answer: Yes, the main takeaway from the spatial distribution maps of the daily precipitation is to 

emphasize the widespread nature of the event. As we can see in the Figure 1 almost the entire 

Portuguese territory was affected by the AR, but only the central part and one station in the central-

northern region registered precipitation values higher than 90 mm. The discussion about the record-

breaking nature and percentile values was just to place the event in a broader climatological context of 

this historical station. The addition of the other 4 record-breaking stations was mainly to emphasize 

how extreme the event was also outside Lisbon. 



Line 170 – add reason behind starting to evaluate the synoptic conditions on 5 December and SSTs on 

1 December. 

Answer: The different time scales reside on the fact that the SST changes on a longer time frame than 

the atmospheric conditions. This issue will be made clearer in the revised version of the manuscript. 

 

Figure 2- add units for a/b color bars. 

Answer: We thank the reviewer for the comment. We agree there’s a lack of units on both anomalies. 

We will add ‘hPa’ to the figure a (SLP anomaly) and ‘ºC’ to the figure b (SST anomaly) in the revised 

paper.  

 

Section 4 – are the noted patterns e.g. in Figure 2 usual patterns for extreme events? Or what other 

meaning should the reader take from the evaluation? 

Answer: The main objective of this figure is to show that suitable large-scale conditions were available 

for the formation of both the extratropical cyclone and the associated atmospheric river. These 

conditions include a higher than usual SST in the areas where the AR will obtain additional moisture 

(Gimeno et al 2020), the clear Rex blocking structure (Trigo et al. 2004) that allowed the formation of 

several low pressure systems, the low latitude location of the jet stream (Woollings et al 2010) with a 

clear trajectory from central north Atlantic towards Iberia, and a NAO negative phase that has been 

showed to intensify the AR occurrence in southern Europe (Ramos et al 2018). 

 

Line 212- what is considered relatively intense IVT? Over 500 units? Consider adding this information. 

Also – should “suggest” be “hypothesize”? (similar note to “probably” in Line 218). What would be 

needed to test these hypotheses (even if not in scope of this paper)? 

Answer: Yes, we consider relatively intense IVT values over 500 kg.m-1.s-1, we will add this 

information to the revised version of the manuscript. Regarding the second part of the comment, we 

believe that, in particular, a water vapor trajectory analysis would allow us to confirm both hypothesis: 

(1) the moisture transport through C1 towards C0; and 2) the inflow of moisture within C2 above the 

Gulf Stream, due to high positive SST anomalies. 

 

 

Line 242 – should “intensifying” instead be something like “supplying”? 

Answer: We believe that either is applicable since the objective is to tell the reader that the AR area 

increased from the inflow of moisture. This inflow was due to the presence of the inflow phase of the 

warm conveyor belt, verified with the convergent pattern at low levels in Figure 5.  

 

 

Line 250 – should this be that the IVT as a whole is still high in terms of both moisture and winds? 

Answer: Yes, this phrase is related to the IVT as a whole (both moisture and winds) that is later 

confirmed by the integrated water vapor content and also the dynamical component (ratio IVT/IWV, 

supplementary information, Figure SI.1). Moisture contents show values higher than 25 kg/m2 and the 

dynamical component include wind values higher than 20 m/s. 



Line 258 – I think the first e.g. should be something like “than in locations like California with 

significant orography at the coast”. The authors are stating that dynamic forcing is more important 

right? Perhaps state that explicitly and then note that you will evaluate that forcing. 

Answer: We thank the reviewer for this comment. We agree that we should clarify and explicitly state 

both ideas in the revised manuscript.  

 

 

Figure 6 – could the same map view be used for both columns? 

Answer: The 250 hPa wind extent is useful in order to see the jet stream location along the North 

Atlantic. However, the DWD weather charts are retrieved directly from their database site which 

doesn’t allow us to adjust the spatial extent. 

 

Line 289-290 – I think this is an incomplete sentence. 

Answer: We thank the reviewer for this comment. The correct phrase should read: ‘While high wind 

values are present, by the time a new front is observed within the AR area, associated with a small 

secondary low-pressure system, a larger region of upper-level divergent flow 290 (blue contours on 

Figure 6, left column) is observed within the AR area, co-located to the convergent flow at low levels 

(blue contours on Figure 5).’ 

 

 

Section 6 – similar comments to the introduction – I think placing these results in the context of what 

we can do with them is important. The conclusion here is more of a summary, which is fine, but I think 

it would benefit from more discussion on implications and utility of the results. Some of this is in the 

last paragraph but I think it should be highlighted throughout the paper, along with information about 

what is needed to test the hypotheses mentioned in the paper. 

Answer: We thank the reviewer for this comment. Due to the increased importance of ARs for both 

freshwater resource and impacts, a lot of effort has been placed in the analysis and connection between 

these systems and the large-scale atmospheric circulation to which they are connected, e.g. 

extratropical cyclones. The prediction of these systems presents variations, namely on landfall location 

or intensity values. Given the fact that the large-scale circulation is more accurately represented in 

forecasts than moisture-related fields, a better characterization between ARs and the surrounding 

systems could be an effective way to improve the prediction skill of ARs (DeHaan et al. (2023); Lavers 

et al. (2020)). In this paper, we analyze the synoptic background associated with an extreme 

precipitation event and found several patterns that might have influenced the AR formation and the 

precipitation generation through the Portuguese territory, leading to the record-breaking precipitation 

values. These include (1) the occurrence of several extratropical cyclones; (2) high atmospheric 

moisture contents due to high positive SST anomalies; and (3) the presence of the inflow and ascent 

phases of the warm conveyor belt that might have helped to intensify the AR’s moisture content and 

precipitation formation. This complementary information will be made clearer in the revised version 

of the manuscript.  

 

 



Line 338-340 – This sounds like an incomplete sentence, please rephrase. 

Answer: Thank you for the comment. There was a lack of connection between the two phrases. Correct 

phrase should read: ‘Regarding the second research question, related to what mechanisms can be 

associated with the AR movement and rainfall occurrence, as it made landfall on the western coast of 

the Iberian Peninsula, it was found that throughout its entire life cycle an inflow of moisture occurred 

within the AR’s area, associated with the inflow of the WCB of the ETC.’  

 

 

 

Line 344 – rephrase “but affecting central Portugal in an extremer way” to something like “with the 

most extreme impacts/rainfall in central Portugal” 

Answer: We thank the reviewer for this comment. We agree with the need to change this sentence and 

will modify accordingly it in the revised manuscript. 

 

 

 

 

 

Technical Corrections 

A general quick read for grammar/word choice (clarity)/readability is warranted although generally 

the paper is in good shape. A few suggested changes are below (non-exhaustive). 

Line 15 – remove “an” before “above normal” 

Line 45 – I think you mean to remove “may lead to EPEs” given the rest of the sentence 

Line 56 – should be “resulting in” instead of “resulting on” 

Line 62 – I think you can remove “multiple” as it is redundant 

Line 74 – introduce what is “IPMA” here instead of later in the paper 

Line 75 – I think you could put this footnote instead on Line 66 when noting the daily data record. 

Line 132 – consider changing “nowadays” to in recent years 

Lines 225/229 – “lead” should be “led” 

Line 354 – should be “inevitably” 

 

Answer: We thank the reviewer for suggesting these improvements. We will change accordingly in 

the revised manuscript. 
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