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Abstract A modification in the water cycle is one of the most noticeable consequences of
global atmospheric warming. Precipitation is a key point in the process and its temporal
distribution is particularly important because it impacts on some extreme phenomena such
as drought and flash floods, affecting also water resources management. This study
presents an analysis of daily rainfall categories over a region of southern Italy in order to
verify earlier report results which indicated a paradoxical increase in extreme rainfall,
despite a decrease in the totals, in the Mediterranean basin. A set of daily homogenous
precipitation series for the period 1916-2006 has been used in this study. Six daily rainfall
categories have been considered: Light, 0-4 mm/day; Light-Moderate, 4-16 mm/day;
Moderate-Heavy, 16-32 mm/day; Heavy, 32—-64 mm/day; Heavy-Torrential, 64—128 mm/
day; Torrential, 128-up mm/day. The analysis was performed considering all the region and
separately five Rainfall Zones (RZs) characterized by different climatic conditions. Results
showed, with some differences for the various RZs, that Light-Moderate, Moderate-Heavy
and Heavy rainfall are the main contributors to the total annual rainfall. Moreover, the trend
analysis through the Mann-Kendall test showed a decreasing trend of the higher categories
and an increasing trend of the weaker categories. These analyses could be useful because
changes in extreme events can impact natural environments and human activities, as well as
human health and safety.
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1 Introduction

Climate change can directly affect water resources management and has a key role in
their planning (flood prevention and control, drought management, irrigation demand,
etc.). The latest Assessment Report (ARS) issued by the Intergovernmental Panel on
Climate Change (IPCC 2013) has highlighted the global impact of human activities on
climate, and the effects on the environmental system. For example, the increase in
CO, and greenhouse gases (methane and nitrous oxide) emissions in the atmosphere
have contributed to a global mean surface warming with a contemporary increase in
drought and storm intensity (Chou and Neelin 2004; Held and Soden 2006; Wentz
et al. 2007; Zhang et al. 2007; Allan and Soden 2008; Trenberth 2011; Dankers et al.
2013). For these reasons, in the last decades, trends of climatological, meteorological
and hydrological variables have been investigated by many researchers by using
different methodologies and at different spatial and temporal scales. As a result, if a
reduction in precipitation becomes recurrent in many countries which often register
extreme drought conditions, conversely, in other areas of the world, numerous extreme
events, such as hurricanes and floods, are highlighted, with damaging effects on the
environment and the society (e.g., Alexander et al. 2006; Min et al. 2011; Westra
et al. 2013). Moreover, climate models also indicate that further increases in extreme
precipitation events should be expected over the next decades (Pall et al. 2006;
O’Gorman and Schneider 2009; Toreti et al. 2013). In this context, several studies
have focused on daily precipitation variability, evidencing positive trends in intensities
and a tendency toward higher frequencies of heavy and extreme rainfall (Kunkel et al.
1999; Plummer et al. 1999; Osborn et al. 2002; Villarini et al. 2011; Caloiero 2014;
Caloiero 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 contradictory
behaviour characterized by an increase in extreme rainfall in spite of a decrease in the
totals. As to what concerns Italy, on six daily rainfall series of Northern Italy,
Todeschini (2012) showed a significant decreasing trend in the annual number of
wet days and an increasing tendency in the mean and maximum precipitation depths
related to one day, with a generalized increasing tendency for the number of dry days
following and followed by wet days. In Southern Italy, the analysis of Brunetti et al.
(2012a) revealed negative trends in high-intensity categories, especially coming from
the winter season. In the same area, Sirangelo et al. (2015), applying a stochastic
model, evidenced a decrease in the return period of long dry spell occurrence.

In this study, the daily rainfall series recorded in the Calabria region (southern
Italy) have been analysed by classifying the events into different rainfall categories,
following the classification of Alpert et al. (2002), and considering both the whole
region and separately the five Rainfall Zones (RZs) characterized by different climatic
conditions (Brunetti et al. 2012b). In particular, for each category, the presence of any
significant trend has been detected using the non-parametric Mann—Kendall test. The
aim of this study is to verify earlier report results which indicated a paradoxical
increase in extreme rainfall in spite of decrease in the totals, for the Mediterranean
basin.
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2 Study Area and Data

Located at the toe of the Italian peninsula, Calabria has a surface area of 15,080 km?, on
average its altitude is 597 m a.s.l. and its tallest relief is 2266 m a.s.l. The region does not
present many high mountains, yet it is one of the most mountainous areas in the country, as
mountains (over 500 m a.s.l. high) occupy 42% of the regional area, while hills between 50
and 500 m a.s.1. high cover 49% of the territory and only 9% are under 50 m a.s.l. (Fig. 1). It is
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Fig. 1 Localization of the selected 129 rain gauge stations and of the five Rainfall Zones on a DEM of Calabria
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a region characterised by a typical Mediterranean climate, presenting sharp contrasts
due to its position within the Mediterranean sea and its orography. Specifically, warm
air currents coming from Africa and high summer temperatures affect the Ionian side,
leading to short and heavy rainfall. The Tyrrhenian side, instead, is affected by western
air currents which cause summer temperatures to be milder and higher precipitation
amount on the mountains compared to the Ionian side. Cold and snowy winters and
fresh summers with some precipitation are typical of the inner areas of the region
(Coscarelli and Caloiero 2012).

The data initially used in this study are a set of daily precipitation series, registered
in Calabria from 1916 to 2006 by the Multi-Risk Functional Centre of the Regional
Agency for Environment Protection of the Calabria region. After applying the
Craddock test (Craddock 1979) and a two-step procedure (Simolo et al. 2010) to
eliminate inhomogeneities from the data series and lack of data, the final database
for this study was the one appearing in Brunetti et al. (2012a), widely used in several
past studies on Calabria climate (e.g., Caloiero et al. 2015; Buttafuoco et al. 2015;
Longobardi et al. 2016). As a result, the analysis focused on a total of 129 daily
rainfall series (Fig. 1).

3 Methods

Regarding the daily rainfall categories, six classes have been considered as suggested by
Alpert et al. (2002): Light (A) 0-4 mm/day, Light-Moderate (B) 4-16 mm/day;
Moderate-Heavy (C1) 16-32 mm/day; Heavy (C2) 32-64 mm/day; Heavy-Torrential
(D1) 64-128 mm/day; and Torrential (D2) 128-up mm/day. However, in this study,
due to the characteristics of rainfall intensity in Calabria, another category (D1 + D2:
64-up mm/day) has been used.

First, for each rain gauge and for each year, the percentage of the annual amount
of each daily rainfall category and the annual number of daily rainfall events falling
within each class have been computed. Then, each of these annual series was
analyzed for trends, and the statistical significance was assessed with the Mann-
Kendall non-parametric test (Mann 1945; Kendall 1962). For a series with dimension
n, given the annual values x; and x;, respectively in the years j and i, with j > i, the
MK statistic was obtained as:

n—-1 n 1 lf gx./ixlg > 0

S=3Y Y sgn (xj—x,-); with  sgn (xj—x,-) = 0 if X;—X;) =
i=1 j=it1 -1 if (xj—x,-) <0

If x; are independent and randomly ordered, for » > 10 the statistic S follows a normal
distribution with zero mean and variance given by:

1

Var(S) = |n (n—1) 2 n+5)— :1t,» i (i—1)(2i+ 5)]/18 (2)

with #; number of ties of extend i.
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Finally, the standardized test statistic Z, is computed as:

S—1
— for§ >0
Var(S)
Zyg = 0 for $ =0 (3)
— for <0
Var(S)

For a specified significance level «, using a two-tailed test, the null hypothesis is rejected if
|Zyx| is greater than Z;_/; and the trend can be considered significant.

Furthermore, with the aim to evaluate the daily rainfall categories trend in the different areas
of the Calabria region, the analysis was performed considering the RZs, characterized by
different climatic conditions separately, as reported in Brunetti et al. (2012b). Such zones were
identified on the basis of the results of the Principal Component Analysis (PCA), including
varimax rotation of the PCs (Principle Components), applied to the correlation matrix of daily
records. In particular, from the analysis of the first 5 Empirical Orthogonal Functions (EOF),
which explain 90% of the total variance, 5 RZs have been identified: Western-North Zone (T1)
with 31 rain gauges; Western-South Zone (T2) with 21 rain gauges; Eastern-North zone (I1)
with 21 rain gauges; Eastern-Central Zone (12) with 31 rain gauges; Eastern-South Zone (I3)
with 25 rain gauges (Fig. 1). To assess the persistence of trends through time, as well as the
influence of the length and starting point of the time period considered, a mean yearly regional
series were estimated, and a running trend analysis was performed (Brunetti et al. 2012a). This
particular procedure consists of a multiple application of the trend analysis on a time series,
considering different starting year and series length. In particular, the trend was initially
calculated for a 20-year window starting in 1916. Then, the window size was incrementally
increased up to the end of the series length (91 years: 1916-2006), with a slope calculated for
each window size. The starting year was then increased by one, and the trend was calculated
for different window sizes. This process was repeated up to the most recent 20-year trend
(1987-2006). The trends obtained were plotted for better visualization in graphs where the y-
axis represents the window width, and the x-axis the first year of the window to which the
trend refers. The value of the trend is represented by the color of the corresponding pixel and
the significance level by the dimension of the square: large squares are plotted for p < 0.05,
small squares otherwise. These figures capture the whole possible spectrum of significant
trends present in the series, thus providing the best possible detailed information.

4 Results and Discussion

The daily rainfall series recorded in the Calabria region have been analysed considering
both the whole region and the five RZs identified through the application of the PCA. In
particular, some of the results obtained at regional scale have been presented in Caloiero
et al. (2016b).

Figure 2 shows, for the period 1916-2006, the temporal contribution of the several daily
rainfall categories to the annual rainfall, evaluated as percentage of the total annual rainfall
amounts. A separation among the categories contributions for the entire region and for the
different RZs, is evident. At a regional scale (Fig. 2a), class B (4-16 mm/day) provides the
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Fig. 2 Linear regression of the annual contributions (as percentage of the total annual amounts) for each of the
daily rainfall categories for the whole Calabria region (a); and, for the different Rainfall Zones: 11 (b); 12 (¢); I3
(d); T1 (e); and T2 (f). The y-axis represents percentage of the total annual amounts, the x-axis represents the year

maximum contribution to the yearly amount, immediately followed by the classes C1 and C2.
On the contrary, the classes A, D1 and D2 provide low contributions to the annual values.
Moreover, Fig. 2a clearly shows a positive tendency of the contributions of rainfall class B
and, less evident, of class A. Decreasing trends of the percentages of yearly amounts deriving
from D1, D2 and C2 (less clear) categories appear. For the C1 class, no tendency is clearly
defined. Similar results, with some exceptions, have been obtained also in the different RZs:
while the higher categories (C2, D1 and D2) present often decreasing trends, the lower ones (A
and, particularly B) increase with time, especially in the Tyrrhenian side of the region (Fig. 2¢
and f). The Moderate-Heavy category (C1) presents opposite behaviors considering the
various RZs: an increasing trend in the RZs I1 (Fig. 2b) and 12 (Fig. 2¢) and a decreasing
trend in the RZs T1 (Fig. 2e) and T2 (Fig. 2f). In particular, for several years at the beginning
of the observation period, in the Tyrrhenian RZs, the C1 class provides the maximum
contribution to the yearly amount. In the last decades, the maximum rate of the total annual
values is provided by the B class.
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A more detailed analysis has been conducted by applying the Mann-Kendall test to the
rainfall series of each rain gauges considering the whole Calabria region and the five RZs. All
tests have been performed at 5% confidence level. With regards to the whole region (Fig. 3a), a
large positive trend, significant for more than half the rain gauges (58.9%), was detected for the
lowest rainfall category (A). Also, the Light-Moderate category (B) revealed a diffuse positive
trend (45,7%), while the Moderate-Heavy (C1) class showed a positive trend though not
always significant. Negative trends have been detected for the highest rainfall categories, in
particular for the Heavy class C2 (24.0%). Similar results have been obtained in the five RZs
with a positive trend detected in the lowest rainfall category, in particular in the Tyrrhenian
RZs (Fig. 3¢ and f), and negative trends identified for the highest rainfall categories, in
particular in the RZ I1 (Fig. 3b) and RZ 12 (Fig. 3c¢). In particular, in the RZ I1, for the C2
class, a percentage of about 33% of negative significant trends is reached, while the D1 class of
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Fig. 3 Results of the Mann-Kendall test applied to the annual contributions (as percentage of the total annual
amounts) of each of the daily rainfall categories for the whole Calabria region (a); and, for the different Rainfall
Zones: 11 (b); 12 (¢c); I3 (d); T1 (e); and T2 (f). The y-axis represents the different rainfall categories, the x-axis
represents the percentages of series presenting positive or negative (significant or not significant) trends
(significance level of the trend: p < 0.05)
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the RZ 12 presents a percentage of about 42% of rain gauges showing negative significant
trends.

The Mann-Kendall test was also applied to the annual number of daily rainfall events
falling within each category (Fig. 4). At regional scale, only the Light class (04 mm/day)
shows a diffused positive trend (49.6% of the rain gauges), while negative trends have been
detected for all the other rainfall categories, particularly for the Moderate Heavy (C1) (about
38%) and the Heavy (C2) (about 46%) classes. Considering the various RZs, the negative
trend of the Heavy class (C2) is mostly evident on the Ionian side of the region (Fig. 4b and c),
reaching a percentage of about 62% in the RZ 11, while on the Tyrrhenian side, and especially
in RZ T2, about 52% of the rain gauges show a negative trend of the Moderate-Heavy class
(C1) (Fig. 4¢ and f).

The comparison of Figs. 3 and 4 evidenced similar results for both the contribution of the
several daily rainfall categories to the annual rainfall (Fig. 3) and the annual number of daily
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Fig. 4 Results of the Mann-Kendall test applied to daily rainfall events falling within each class of the daily
rainfall for the whole Calabria region (a); and, for the different Rainfall Zones: 11 (b); 12 (¢c); I3 (d); T1 (e); and
T2 (f). The y-axis represents the different rainfall categories, the x-axis represents the percentages of series
presenting positive or negative (significant or not significant) trends (significance level of the trend: p < 0.05)
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rainfall events falling within each category (Fig. 4). In fact, at regional scale, a large positive
trend was detected for the lowest rainfall category (A) while negative trends have been
detected for the highest rainfall categories. Analogous results have been obtained in the five
RZs with a positive trend detected in the lowest rainfall category, in particular in the
Tyrrhenian RZs, and negative trends identified for the highest rainfall categories on the Ionian
side of the region.

The results of the running test applied to both the annual contributions (as percentages of
the yearly amount) and the numbers of rainy days falling within each class are presented in
Figs. 5 and 6, respectively. These diagrams refer to the whole study area and to the different
rainfall categories, but do not include the highest class due to the limited data available.
Regarding the contributions to the annual amounts (Fig. 5), the rainfall class A (Fig. 5a) shows
a positive and significant trend in the first years of the data sets, with rate values less than 1%/
10 years. Only in the period 1950-1960, some negative and significant trends appear for the
same class. The rainfall class B (Fig. 5b) shows trends with a lower significance but higher
rates (more than +1%/decade), especially for long time span. The C1 category (Fig. 5c) does
not show significant trends. Some negative trends appear for the rainfall class C2, especially
considering the early years of the observation period, with rates also greater than 1%/10 years,
in absolute value.

The results for the numbers of rainy days falling within each class (Fig. 6) are particular
relevant for the rainfall classes A and B (Fig. 6a and b), showing significant results alterna-
tively negative and positive, till values greater than £20 days/10 years. Weaker trends are
shown for the rainfall classes C1 (Fig. 6¢) and C2 (Fig. 6d), but the trend significances of the
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Fig. 5 Running trend analysis for the annual contributions (as percentage of the total annual amounts) of the
daily rainfall categories A (a), B (b) C1 (c) and C2 (d) for the whole Calabria region. The y-axis represents the
window width, and the x-axis represents the first year of the window over which the trend is calculated. Squares
dimension indicates the significance level of the trend: large squares p < 0.1, small squares otherwise
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Fig. 6 Running trend analysis for the daily rainfall events falling within same class of the daily rainfall A (a), B
(b) CI (c) and C2 (d) for the whole Calabria region. The y-axis represents the window width, and the x-axis
represents the first year of the window over which the trend is calculated. Squares dimension indicates the
significance level of the trend: large squares p < 0.1, small squares otherwise

former class seem to be higher than those estimated for the contributions to the annual amount
(Fig. 5c¢).

The results obtained in this study do not show the paradoxical behaviour evidenced by
some authors (Alpert et al. 2002; Brunetti et al. 2004) for other study areas, where a positive
trend of the extreme rainfall in spite of a decrease in the yearly amounts was present. In fact,
for the Calabria region, while different studies highlighted the reduction of the yearly rainfall
(e.g., Caloiero et al. 2016a; Longobardi et al. 2016), results of this analysis do not evidence an
increase in extreme rainfall. Conversely, these results are well-matched with those obtained by
Coscarelli and Caloiero (2012) for the rainfall concentration.

5 Conclusions

In this study, the spatial and temporal distributions of rainfall in Calabria region (southern
Italy) were analysed considering the rainfall categories, in accordance to the classification by
Alpert et al. (2002). The results showed that, in this southern part of Italy, the highest rainfall
categories do not show particular trends. The most significant trends appear only for the lowest
classes, as confirmed by the running approach. In fact, the lowest rainfall classes show positive
trends especially for long time windows starting from the early years of the time domain.
Similar results were obtained for the rainy days event falling within the various rainfall classes.
Moreover, the Calabrian territory shows different behaviours of rainfall for the various Rainfall
Zones of the study area. In particular, the Moderate-Heavy category shows an increasing trend
in the Tonian side and a decreasing trend in the Tyrrhenian one.
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