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Plan of the talk

• Introduction and motivation 
• Precipitation dataset 
• Empirical analysis 
• Statistical analysis 
• Conclusions
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In Valencia (Spain) all of a sudden…last October  (29/10/2024)
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In 8 hours the rain of 1 year



In Sicily, close to Catania,  all of a 
sudden…a couple of weeks after 
Valencia water bomb and flood… 

we had more amount of rain  
than in  Valencia,  500 mm of 
water in 12 hours, after many 
months  without  any rain
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…but not only water bombs and floods !  
We are living in a period of wild changes facing an increase occurrence of extreme events
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Droughts 
Big forest fires

Mediterranean hurricanes or 
Medicanes

Heatwaves

Extreme events have become  more and more frequent  

with a devastating  impact on our daily life ! 



It is then important to investigate and characterise  in a quantitative way  

datasets of climatic variables like time series of temperature, pressure, 
rainfall, etc.   

in order to see  tendencies and possible precursor or emerging signals 
of climate change  

and find sustainable new strategies to moderate the impact of these 
extreme events
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MOTIVATION



Sicily island is at the center of the Mediterranean sea
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Sicily is just in the middle 
of the Mediterranean sea 
and thus has a privileged  
position to investigate 
possible   signs of climate 
change in this area 

We studied precipitation 
data recorded in Sicily in 
the last two decades



Our Precipitation Dataset of Sicily
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Data provided by the  

Sicilian  

Agrometereological 

Informative System 

Hourly-based time series in the period 

        01/01/2002  - 31/07/2023 

       for  75 rain gauge stations

www.sias.regione.sicilia.it

http://www.sias.regione.sicilia.it


Our first paper  reports  on an empirical analysis of this dataset  

we considered  seasonal periods of three months for the last two decades 
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The instrument to measure rainfall, the rain gauge,  is very simple 

1 mm of rain  =  1 L of rain  per m2



Rainfall volumes 
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Rainfall volume         

is  

the sum of the 
hourly records of 

rain over the 3 
months of the 

season for each 
station

winter                                 spring
North 

South
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Rainfall volumes 
North 

South

summer                           autumn
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Rainfall volumes comparison 
winter spring

summer autumn

west

east

west

east

west

east

east

west

In winter precipitation volumes are decreasing 
along the years

Eastern part of Sicily  
has been more affected 

by higher precipitations volumes  
especially in the last years and in autumn 



14

Rainfall events 

A rainfall event  is the episode of 
consecutive wet hours

Each rainfall event can be characterized by two 
quantities: 
 duration (min)      and     depth (mm)

The duration  is the length of
consecutive wet hours 

The rainfall depth 
is the sum of precipitation for  the
corresponding event duration

North 

South

winter                              spring
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Rainfall events 
North 

South

summer                        autumn 



Different categories of events 
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In order to differentiate the rainfall events with respect to their intensity, one can  classify each rainfall 
event with  percentile thresholds, as proposed by the World Climate Research Program and the World 
Meteorological Organization. 

So one can identify six intensity classes hourly-based as shown in the table below

where the event is classified according to the maximum of the  precipitation value recorded during 
the event  

 



Comparison among the two decades
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Variable
Variable
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2002-2012                       2013-2023

Spring 

Summer 

Autumn 

Winter
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Spring 

Summer 

Autumn 

Winter

2002-2012                       2013-2023



Summary of the empirical analysis
clear signals of change along the last two decades 
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•Rainfall volume data indicate higher precipitation volumes in the eastern part of 
Sicily   

•Precipitation volumes increase in autumn and decrease in winter seasons  

•There is an increase of the number of extreme events during summer and       
autumn seasons 

•winter seasons are showing less extreme events and are  becoming more similar 
to spring seasons 

•dry periods are becoming longer and affect large areas of Sicily especially in the 
west part



Recently this paper was chosen for  the EPJ B Highlight page
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Entropy 2024, 26, 623. https://doi.org/10.3390/e26080623 
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Study of the rainfall time series only for the 9 major cities of Sicily  

but data collected every 10 minutes

We performed a statistical analysis for 

comparing the first decade 2002-2012 

with the second decade  2013-2023 



Depth Power laws 
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Max per event   power laws 
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Event duration power laws 
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Comparison of the power law slopes 
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2002-2012

2013-2023

In general the slopes of the 
second decade tend to diminish 
indicating  an increase of extreme 
events 



Decumulative pdf  of depth
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2002-2012 2013-2023



Decumulative pdf  of max per event
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2002-2012 2013-2023



Decumulative pdf  of event duration
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2002-2012 2013-2023



Comparison  of  the  q -values
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2002-2012

2013-2023

Major changes of the 
entropic index q



Returns pdf for rainfall depth
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2002-2012 2013-2023



Returns pdf for rainfall event duration
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2002-2012 2013-2023



Returns pdf for rainfall for max per event
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2002-2012 2013-2023



Comparison of the q-values
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2002-2012

2013-2023
Change of the entropic 
index q



Summary of the results for the statistical analysis
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• In general rainfall data show a clear complex behavior with power laws  whose slope 
changes with time  from the first to the second decade 

•Most evident changes for  the summer seasons with a decrease of the slope for  rainfall 
depth, maximum per event and event duration 

•Decumulative pdfs can be very well reproduced by q-exponential curves, indicating long-
range correlations: also in this case changes in the entropic index with time are observed 
for summer seasons going from the first to the second decade 

•  Returns shows non-Gaussian behavior which can be very well reproduced by q-Gaussians. 
In this case changes in the entropic index over decades are observed    for return durations 
for summer and autumn seasons, indicating and increase of extreme events



A recent paper on the same dataset for Granger Causality
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Granger Causality
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Example of Granger causality network
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A study in preparation on dry spells
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It could be worse…it could be raining!
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Finally…remember that…
From Young Frankenstein (1974) by Mel Brooks



Our  team
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Vera Pecorino

Alessandro Pluchino
Katerina Hlavackova-Schindler

Tiziana Di Matteo

Luigi Pasotti

Matteo Milazzo
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Many thanks for your attention


