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Abstract: A modification in water cycle is one of the most noticeable consequences of global atmospheric warming. 
Precipitation is a key point in the hydrological process and the distribution of extreme rainfall is particularly important 
because it may impact on water management, soil erosion and flash floods. In this paper, an analysis of mean and 
extreme rainfall over a region of southern Italy (Calabria) has been carried using a daily homogeneous rainfall dataset 
of 129 rain gauges with more than 50 years of observation for the period 1916–2006. First, a statistical analysis was 
performed through the Mann-Kendall test in order to detect possible trends at annual, seasonal and monthly scale. 
Then, a set of indices derived from the daily homogeneous rainfall time series was defined and used to examine 
changes in extreme rainfall through non-parametric techniques. Results show a decreasing trend for annual and 
winter–autumn rainfall and an increasing trend for summer rainfall. Moreover, a prevailing decreasing trend of the 
various indices has been detected. These results appear to be in contrast with previous large scale studies which 
evidenced an increase in extreme rainfall and a decrease in the yearly totals, in other areas of Southern Europe. These 
differences in the behaviour of extreme rainfall suggest that a detailed regional analysis is always necessary because 
the distribution of extreme rainfall is often linked to the morphological settings of a territory (proximity to the sea, 
presence of reliefs, etc.). 
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1. INTRODUCTION 

Unprecedented changes in the global climate system have occurred since the 1950s, and global 
warming is now an unequivocally recognized phenomenon affecting climate (IPCC, 2013). Given 
the considerable impacts of climate change on the planet and on the world population, 
understanding and predicting climate variability and change have become key issues for the 
research community. Precipitation variability occurs over a wide range of temporal and spatial 
scales. Several studies conducted at global (e.g. Ren et al., 2013; Westra et al., 2013), regional (e.g 
Choi et al., 2009; Philandras et al., 2011) and sub-regional scales (e.g González-Hidalgo et al., 
2011; Caloiero, 2015; Sayemuzzamana and Jhab, 2014) have evidenced growing precipitation 
variability. In particular, rainfall increments in Northern and Central Asia, in the eastern parts of 
North and South America, and in Northern Europe (Barros et al., 2008; Bhend and von Storch, 
2008; Huang et al., 2014) have been detected. By contrast, other areas, such as the Mediterranean 
area, have shown a decrease in precipitation (e.g. Xoplaki et al., 2004; Brunetti et al., 2006; 
Longobardi and Villani, 2010; González-Hidalgo et al., 2011; Philandras et al., 2011). In southern 
Italy (Caloiero et al., 2011a; Piccarreta et al., 2013), and particularly in the Calabria region 
(Buttafuoco et al., 2011; Caloiero et al., 2011b; Brunetti et al., 2012; Capra et al., 2013; Ferrari et 
al., 2013; Caloiero et al., 2015a,b), different studies have highlighted a decreasing trend in winter 
and autumn rainfall, and an increasing trend in spring and summer. 

Extreme events represent a key aspect of climatic analyses and it is now widely accepted that 
changes in total precipitation can be associated with changes in the frequency of rainfall events, the 
amount of precipitation per event, or a combination of both (IPCC, 2007). In order to improve the 
understanding of the precipitation behaviour of a region, daily rainfall series must be analysed 
(Todeschini, 2012). Several researches have been carried out on daily precipitation by means of 
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various methods of analysis, such as indices, percentiles, thresholds, and extreme value theory 
(Groisman et al., 2005; Reiser and Kutiel, 2010; Toreti et al., 2010; Durao et al., 2010). In 
particular, in order to analyse changes in extreme rainfall, two different approaches have been 
proposed. Some authors have looked at changes in the daily precipitation distribution tail, namely 
the magnitude of a fixed percentile or the percentage of seasonal rainfall falling on days with 
rainfall above a fixed percentile (Karl, 1999). Other researchers have opted for an evaluation of 
changes in the number of days over a thresholds associated with different rainfall categories 
(Moberg et al., 2006). 

Numerous studies on precipitation variability have been undertaken all over the world using 
various statistical procedures and have evidenced a positive trend in daily precipitation intensity and 
a tendency toward higher frequencies of heavy and extreme rainfall across the Pacific Ocean, in the 
USA (Mass et al., 2011; Villarini et al., 2011), in Australia (Alexander and Arblaster, 2009; Yilmaz 
et al., 2014) and in New Zealand (Caloiero, 2014; 2015). Alpert et al. (2002) conducted a coherent 
study of the full-scale of daily rainfall categories over the Mediterranean in order to assess the 
paradoxical behaviour characterized by an increase in extreme rainfall in spite of a decrease in the 
totals. Unfortunately, there are few studies based on daily rainfall series in Italy, probably due to the 
lack of high-quality long daily rainfall series. In northern Italy, the results of an analysis on six daily 
rainfall series (Todeschini, 2012) have shown a significant decreasing trend in the annual number of 
wet days and an increasing tendency in the mean and maximum rainfall heights related to one day, 
with a generalized increasing tendency for the number of dry days following, and followed by, wet 
days. Similar results have been obtained by a stochastic approach analysis of some rain gauges in 
Calabria (Sirangelo et al., 2015). An increase in heavy rainfall has been detected simultaneously 
with a decreasing trend in total precipitation in a wider area of northern Italy (Brunetti et al., 2001). 
Instead, other analyses (Rodrigo and Trigo, 2007; Toreti et al., 2010; Brugnara et al., 2012; Brunetti 
et al., 2012) have detected no significant trend in the number and in the magnitude of extreme 
events in other parts of Europe.  

In this study, a set of daily rainfall series recorded in southern Italy have been analysed by 
calculating some rainfall indices from a list with more than 50 climate change indices provided by 
the internationally agreed World Meteorological Organization (WMO)-Commission of 
Climatology/Climate Variability and predictability (CCI/CLIVAR). In particular, for each index, 
the possible presence of any significant trend has been detected using the non-parametric Mann–
Kendall test.  

2. DATA AND METHODS 

Calabria is a region of southern Italy with an area of 15,080 km2; its mean altitude is 597 m and 
its maximum elevation is 2,266 m. Although there are not many high summits in the region, it can 
be considered as one of the most mountainous area in Italy. In fact, 42% of the land is mountainous 
(elevation greater than 500 m a.s.l.), 49% hilly (elevation between 50 and 500 m a.s.l.) and only the 
9% has an elevation lower than 50 m a.s.l. (Figure 1). The region has high climatic contrasts, due to 
its geographic position and mountainous nature. The Mediterranean climate characterizes the area: 
during the summer, precipitation is less frequent, while in the winter rainfall and snow occur 
(Caloiero et al., 2014). Large-scale patterns play a role in the type of storms affecting this region. 
Indeed, western side is more exposed to storms coming from the Atlantic Ocean, while eastern side 
is more exposed to African storms, originating in the lee of Atlas and propagating toward the 
central Mediterranean (Federico et al., 2010). A rather dry and temperate climate characterizes the 
summer under the influence of the Azores anticyclone, while breeze circulations develop on the 
coast and inland (Federico et al., 2000). 

The data used in this study are a set of daily rainfall series for the period 1916–2006, registered 
in Calabria and collected by the former Italian Hydrographic Service, now “Centro Funzionale 
Multirischi” of the Calabria Region. Particular attention has been paid to the problems arising from 
the inhomogeneities of the data series and from the lack of data.  
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The database used in this study was the one presented in Brunetti et al. (2012), who performed a 
multiple application of the Craddock test (Craddock, 1979) to remove inhomogeneities, and a two-
step procedure to solve the problems caused by the lack of data (Simolo et al., 2010). At the end of 
this procedure, a total number of 129 daily rain gauges for the 1916–2006 period have been 
considered available for the analysis (Figure 1). 

 

Figure 1. Location of the selected rain gauges on a DEM and box plots with the average monthly and seasonal rainfall. 

For the analysis of the mean and extreme rainfall, as proposed by Jung et al. (2011), a set of 
twelve indices was selected (Table 1).  

 
Table 1. Definitions of the mean and extreme rainfall indices 

Type Name Definition Units 
Mean PANU Annual precipitation mm 
 PMON Monthly precipitation mm 
 PSEA Seasonal precipitation mm 
Extreme PN50 Annual number of days with daily precipitation greater than 50 mm days 
 PN80 Annual number of days with daily precipitation greater than 80 mm days 
 PNL95 Annual number of days with precipitation greater than the long term 95th percentile days 
 PPL95 Percentage of the annual precipitation, obtained summing the daily precipitation greater than the 

long term 95th percentile % 
 WETM Mean annual number of consecutive wet days days 
 MWET Maximum number of consecutive wet days days 
 PX1D Maximum annual value of daily precipitation  mm 
 PX2D Maximum annual value of cumulative precipitation of 2 consecutive rainy days mm 
 PX3D Maximum annual value of cumulative precipitation of 3 consecutive rainy days mm 

 
Monthly, seasonal and annual precipitation were used as indices of mean rainfall. Moreover, 

from the internationally agreed World Meteorological Organization (WMO)-Commission of 
Climatology/Climate Variability and predictability (CCI/CLIVAR) list of over 50 climate change 
indices, a set of 9 indices of climate extremes was selected. The annual number of days, in which 
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daily rainfall is greater than 50 mm (PN50), 80 mm (PN80) and 95th percentile (PNL95) represent 
frequency of heavy rain. The PPL95 index was used in order to compare the contribution of the 
heavy rain days (defined as days with rainfall above the 95th percentile) to the annual rainfall total. 
Annual maximum of 1 (PX1D), 2 (PX2D) and 3 (PX3D) days precipitation data were also used to 
represent rainfall intensity of heavy rain. Finally, the annual mean and maximum number of 
consecutive wet days (WETM, MWET) have been considered in order to examine the variability of 
the rainfall intensity.  

The indices dataset of each rain gauge (local indices time series) were analyzed for trends, and 
statistical significance assessed with the Mann-Kendall (MK) non-parametric test (Mann, 1945; 
Kendall, 1962). This test is highly recommended for general use by the World Meteorological 
Organization (Mitchell et al., 1966) because it can test trends in a time series without requiring 
normality or linearity (Wang et al., 2008). 

The MK test is a rank-based method for evaluating the presence of trends in time-series data, 
without specifying whether the trend is linear or non-linear. The data are ranked according to time, 
and then each data point is compared to all the data points that follow in time. The MK statistic 
(Kendall, 1962) is given by:  
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follows a standard normal distribution (Kendall, 1962).  
 
The probability value, p, of the ZMK statistic of sample data can be estimated by using the normal 

cdf Φ(ZMK): 
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At the significance level α, the existing trend is considered to be statistically significant if p≤α/2 
in the case of the two-tailed test. 

In this study, all the analyses have been performed with a significance level equal to 0.05. 
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4. RESULTS AND DISCUSSION 

The trend analysis of the annual precipitation (PANU) index reveals a predominant negative 
behavior, with a percentage of about 65% of rain gauges with significant trend. A negative trend 
was detected for the seasonal precipitation (PSEA), in particular for winter (60.5%) and the autumn 
(37.2%) periods. Conversely, in summer 14.1% of the rain gauges showed a significant positive 
trend. With regards to the monthly precipitation (PMON), a general negative trend, albeit not 
significant for the whole region, has been detected (Figure 2). 

 

 

Figure 2. Results of the trend analysis of the mean indices (expressed as percentages of the number of data series). 

In fact, a significant negative trend was detected in January and November, respectively for 
49.2% and 43.0% of the rain gauges. By contrast, in summer months rainfall shows a positive trend, 
particularly in July and August, when significant trends were detected in 31.3% and 34.6% of the 
rain gauges respectively. A significant negative trend has also been found in June (27.9% of the rain 
gauges) while a significant positive trend has been found in September (11.6% of the rain gauges). 

The results of the trend analysis for the various extreme indices are summarised in Figure 3 and 
spatially shown in Figures 4-7. The trend analysis of the annual number of rainy days with rainfall 
greater than a prefixed value showed a marked negative trend: about 42% and 26% of the rain 
gauges for the PN50 and PN80, respectively (Figure 3).  

As regards PN50, only 6 rain gauges, located on the Tyrrhenian side of the region, showed a 
positive trend, while for PN80 only one station presented an upward trend (Figure 4). For both the 
indices, the negative values are mainly located on the relieves of the Ionian side of the region, 
specifically the Sila Plateau and the Serra Chain.  

As to what concerns the PNL95 and PPL95 indices, Figure 3 shows that almost half the rain 
gauges (48% of the total) presents a decrease in the annual number of days characterized by very 
intense rainfall (PNL95). Analogous results were obtained for PPL95: 43% of the rain gauges 
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presented a decrease in the percentages of the total cumulated rainfall from daily events greater than 
the 95th percentile. Figure 5 reports the spatial results of the trend analysis for the events greater 
than a fixed percentile (long term 95th percentile). The negative trend is homogeneously distributed 
across the region for both the indices; only 6 and 8 rain gauges evidenced an increase in PNL95 and 
PPL95 respectively.  

 

Figure 3. Results of the trend analysis of the extreme indices (expressed as percentages of the number of data series). 

Figure 6 shows the spatial distribution of the trend analysis of the annual number of consecutive 
wet days, both for maximum (MWET) and mean (WETM) values. As opposed to the previous 
indices, a marked positive trend has been also detected in the Ionian side of the Sila Plateau and in 
the south-western Ionian coast (just in front of Sicily) of the study area. In particular, about 18% 
and 7% of the whole series for MWET and WETM, respectively, showed an upward trend, while an 
opposite trend has been detected respectively for 23% and 30% of the rain gauges (Figure 3).  

Finally, Figure 7 shows the spatial results of the trend analysis for the maximum annual values of 
rainfall with duration of one day (PX1D), or two (PX2D) and three (PX3D) consecutive days. 
Results confirm the ones obtained for the other indices examined, with only few stations (3 and 6 
stations) which evidenced a significant positive trends and about 38%, 40% and 47% of the rain 
gauges which showed a negative tendency, for PX1D, PX2D and PX3D, respectively (Figure 3).  

The results of this trend analysis confirmed the ones obtained in Calabria by Brunetti et al. 
(2012), who showed, with a different methodology, a negative trend of the higher percentiles of 
rainfall events over the entire observation period. Moreover, in this study the paradoxical behaviour 
claimed by Alpert et al. (2002), characterized by an increase in extreme rainfall in spite of a 
decrease in the totals, has not been evidenced. The different trend behaviour of extreme rainfall in 
the Mediterranean basin suggests that a regional analysis, such as the one proposed here, is always 
necessary to point out spatial features of extreme rainfall. In fact, as claimed by Reiser and Kutiel 
(2010), no generalized changes can been detected in the daily rainfall regime across the 
Mediterranean basin, since the results depend on the density of the observation, on the study period, 
and on the analysed area. 
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Figure 4. Significant trend results for PN50 and PN80 indices. 

 

Figure 5. Significant trend results for PNL95 and PPL95 indices. 
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Figure 6. Significant trend results for MWET and WETM indices. 

 

Figure 7. Significant trend results for PX1D, PX2D and PX3D indices. 

5. CONCLUSIONS 

In this paper the spatial and temporal rainfall distribution in the Calabria region (southern Italy) 
were analysed considering twelve mean and extreme rainfall indices. The statistical indices have 
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been selected from the list provided by the WMO-CCI/CLIVAR for the characterization of climate 
variability and change. These indices have been evaluated from a high quality daily homogeneous 
rainfall data set. For each index, the presence of any significant trend has been detected using the 
non-parametric Mann–Kendall test. The results of the trend analysis for monthly and seasonal 
rainfall series showed a predominant negative behavior of the PANU and the PSEA indices, for the 
autumn and winter periods. Conversely, a significant positive trend has been detected in summer. A 
marked negative trend was detected in January and November. By contrast, summer months rainfall 
in July and August showed a positive trend. As regards the extreme indices, a clear negative trend 
has been detected for all the indices, and particularly for PN50, PNL95, PPN95 and PX3D, mainly 
for the rain gauges located on the relieves of the Sila Plateau and the Serra Chain. The MWET and 
WETM indices confirm a general negative trend, even though a positive trend has been detected in 
the Ionian side of the Sila Plateau and in the southwestern Ionian coast of Calabria.  

The results obtained in this study confirm the change in the annual and seasonal rainfall regimes 
in southern Italy, evidenced by other authors through regional and global analyses. As regards the 
extreme daily rainfall, the trend analysis showed a general reduction in all the indices. Further 
studies, focused on a sub-daily temporal scale, must be carried out in order to better characterize the 
extreme rainfall events. In fact, at a smaller temporal scale, other factors, such as orography and/or 
specific meteorological conditions, may influence the extreme events characteristics and evidence 
different behaviours.  
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