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Abstract: In order to investigate the tendency in rainfall amount in Calabria (southern Italy), in this
work, monthly rainfall series were first tested for homogeneity and then a trend analysis was
performed. In particular, a homogenization approach based on the Climatol method was applied to
homogenize monthly climatological series. Then, the Mann-Kendall non-parametric test and the
Theil-Sen estimator were applied to evaluate the presence of trends and their significance in the
monthly, seasonal and annual rainfall series. Moreover, the trend slopes were further evaluated
with a linear regression analysis. At the annual scale, results evidenced a decreasing trend mainly
in the north-eastern part of the region. At the seasonal scale, a spatial distributed negative trend in
winter, and a positive trend in summer, mainly localized in the north-western part of the region,
were identified. Finally, on a monthly scale negative trends spreading across the region were
detected in January and December, with an opposite behavior in July and especially in September,
when almost the entire region presented a positive trend.
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1. Introduction

Nowadays, climate change has received considerable attention, and several papers and technical
studies have been conducted to detect its possible impacts all over the globe, such as the occurrence
of drought events, severe storms and floods, extreme temperatures, and heat waves [1]. In this
context, the detection of spatio-temporal rainfall variability becomes paramount for water resources
management purpose [2]; also, trend analysis has been largely applied to identify the possible
consequences of climate change in several hydrological temporal series around the world and
especially, in major hotspots of climate change such as the Mediterranean Basin [3]. In fact, the
Mediterranean Basin is located in a transition area, whose climate is affected by both the mild and
rainy climate of central Europe and the arid climate of North Africa [1]. Results of the trend analysis
performed in this area evidenced a widespread decrease in annual rainfall [4], albeit with some
differences between the two sides of the basin [5]. In fact, while a decreasing rainfall trend, although
irregular and highly variable across the decades, characterizes the western and central Mediterranean
[6], the eastern Mediterranean presents different tendencies, with positive values in some areas [7,8],
and negative ones in others such as Israel [9,10]. For its position in the center of the western
Mediterranean, and for its particular shape, extending over a wide latitude from north to south, Italy
is especially important among the countries of the Mediterranean region. For this reason, in Italy,
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several rainfall trend analyses at the regional scale have been conducted. The majority of these studies
analyzed rainfall trend at the annual timescale, evidencing a decrease in rainfall amount, especially
in central [11,12] and in southern Italy [13]. At the same time, in southern Italy, different seasonal
tendencies were identified, with a rainfall decrease in the winter-autumn months and an increasing
rainfall amount in the summer period, such as in the studies performed in Campania [14], Basilicata
[15], Sicily [16], Calabria [17], and Sardinia [18,19].

In order to perform reliable climate variability research, good quality long-term time series are
required. In fact, several studies have demonstrated that climate change analyses are not imaginable
without a clear understanding of the homogeneity of data. Indeed, the actual climate signal in original
series can be hidden behind non-climatic factors, whose magnitude can be larger than the climate
variation signals [20]. A climate record is considered homogeneous when its variations are caused
only by changes in weather and climate. Unfortunately, time series are often affected by several non-
climatic factors such as station relocations, modifications in the instrumentation and recalibrations,
new formulae (e.g., used to evaluate mean temperature), changes in land use, variations in
observation procedures, making these datasets misleading about the real climate changes [21].
Homogeneity testing and the correction of climatic time series for non-climatic variations are thus an
essential part of any climate change analysis [22]. With this aim, in order to detect inhomogeneities
in time series, many homogenization techniques have been developed in the past years, and
numerous studies concerning the homogenization of long-term time series were performed all over
the world [23]. Among the several methods to detect and remove inhomogeneities in a series, the
most commonly used are based on the relative homogenization approach. This approach considers
that neighboring stations are subject to almost the same climatic signal, and thus the differences
between these stations can be useful to identify inhomogeneities [24]. In relative homogeneity testing,
the time series of the station being tested (candidate station) is compared to the ones of multiple
surrounding stations (reference stations) either in a pairwise fashion or to a single composite
reference time series computed from multiple neighboring stations. Examples of homogeneous
relative tests are the SNHT (standard normal homogeneity) [25], the Craddock test [26], the
Caussinus—Mestre method [27] and the MASH (multiple analysis of series for homogenization) [28—
30].

In this context, the present study will analyze data quality from the last 100 years for monthly
rainfall in the Calabria region (southern Italy). First, a quality check was performed on the original
database and inhomogeneities were identified and corrected. Then, a trend analysis was performed
in order to identify possible trends at the monthly, seasonal and annual scales. Although this paper
is not the first attempt to analyze the rainfall trend in Calabria, for the first time the trend analysis
was performed on a homogeneous dataset with more than 100 years of observation.

2. Study Area and Data

The Calabria region is located at the toe of the Italian peninsula, at the center of the
Mediterranean basin (between 37°54’ to 40°10' N and 15°36 to 17°13" E). The region has a surface of
15,080 km? and presents a particular orography, being one of the most mountainous Italian regions,
with 42% mountains, 49% hills and 9% flat areas (Figure 1). On averagg, its altitude is 597 m a.s.l. and
its tallest relief is 2266 m a.s.l. Due to its position, the Koppen-Geiger classification [31] identifies the
climate of the region as a warm temperate Mediterranean climate, thus presenting relatively mild
winters (with rain) and dry, warm summers, with average temperatures higher than 22 °C. In
particular, the Ionian side is influenced by currents from Africa while the Tyrrhenian side is subjected
to western air currents; thus, they are affected by high temperatures with short and heavy rainfall
and by milder temperatures and high precipitation, respectively. The inner areas of the region are,
instead, characterized by cold winters with snow and fresh summers with occasional precipitation
[32].

In Calabria, rainfall data have been collected since 1916 by the Multi-Risk Functional Center of
the Regional Agency for Environment Protection. The data used in this study are a set of monthly
rainfall series registered during the period of 1916-2018. In particular, at the end of 2018 the Calabria
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database consisted of data collected at more than 100 stations. All the rainfall series presenting more
than 20% of lacking data in the observation period were discarded. As a result, data from 79 stations,
with an average density of one station per 190 km?, were selected (Figure 1).
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Figure 1. Localization of the rain gauges on a digital elevation model of the Calabria region and the
spatial distribution of the mean annual rainfall.

3. Methods

3.1. Homogenization Procedure

Presently, the choice of the most suitable procedure among the several existing methods to detect
and eliminate homogeneity problems in a series, depends on the characteristics of the dataset (e.g.,
metadata availability or station density) and on the examined region [22]. The homogenization
approach used in this work is based on the Climatol method proposed by [33] and developed at the
Spanish State Meteorological Agency (AEMET). Climatol was developed under the R programming
language. The R package (https://CRAN.R-project.org/package=climatol) comprises several functions
which allow quality control, homogenization and the infilling of the missing data in a dataset of a
climatic variables. In particular, the homogenization approach developed in Climatol is based on the
application of the well known standard normal homogeneity test (SNHT) proposed by
Alexandersson [25]. SNHT is a parametric test considering reference stations to identify
inhomogeneities in the time series of the candidate station. The choice of the reference stations is not
only based on a proximity criterion, but also on a correlation criterion, because in highly correlated
time series, the anomalies are essentially synchronous. In fact, due to the presence of a sharp
orography (e.g., high mountains), the climate could vary a lot throughout the studied region, thus
leading to the use of nearby but badly correlated stations to compute the reference series. The SNHT
not only allows to identify changes (abrupt or linearly developing) between the candidate and the
reference series, but also provides an estimate of the magnitude of the detected inhomogeneity that
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can be used to correct the series, and thus it is usually considered the most popular inhomogeneity
test [34]. In order to identify and remove inhomogeneities, in Climatol an iterative procedure is
applied. First, the maximum SNHT test values and their locations for every series are identified.
Then, when the SNHT values of the series are greater than a fixed threshold, the series is divided at
the point corresponding to the maximum SNHT and all the data before the break are moved to a new
series, which is incorporated into the data pool with the same coordinates. After the first split of a
series, the entire process is repeated dividing, at every cycle, only the series with the higher SNHT
values, until no inhomogeneous series is found. Moreover, as the SNTH was originally developed to
detect a single break-point in a series, the presence of more shifts in the mean could cover its results.
In order to overcome this problem, in Climatol, the SNTH is first applied to stepped overlapping
temporal windows, and then, it is applied to the complete series, where the test exhibits more power
of detection [33].

3.2. Trend Analysis

After the homogenization procedure, in order to analyze the possible trends in rainfall series,
two non-parametric tests for trend detection were used. In particular, the slopes of the trends were
calculated by the Theil-Sen estimator [35] and the statistical significance was assessed with the
Mann-Kendall (MK) non-parametric test [36,37]. The Theil-Sen estimator was selected because it is
more powerful than linear regression methods in the trend slope evaluation in the presence of outliers
in the series. In fact, the Theil-Sen estimator is not susceptible to the influence of extreme values.

Given N pairs of data, the slope (Qi) can be calculated as follows:

Qi= e i
jk
in which xj and x« are the data values at times j and k (with j > k), respectively.

If there is only one datum in each time period, then N = n(n — 1)/2, where n is the number of time
periods. If there are multiple observations in one or more time periods, then N < n(n — 1)/2, where n
is the total number of observations.

The N values of Qi are ranked from smallest to largest and the median of the slope or Sen’s slope
estimator is computed as

for i=1,..,N, (1)

Q[(N+1)/2] if N is odd
Qied = ’ 2)

Qw2 *QN+2)2] 46 \is even
2

The Qmes sign reflects the data trend behavior, while its value indicates the steepness of the trend.
For a series with dimension 7, the MK statistic is obtained as
1 it (rj-x)>0
n=-1 n . .
S=3 X sgn(x]-—xi); with sgn(xj—x,-): 0 if (x]-—x,-):O , 3)

i=1 j=i+1 -1 if (xj —xl-)< 0

where xj and xi are the data values at times j and i, with j > .
If xi are independent and randomly ordered, for n > 10 the statistic S follows a normal
distribution with zero mean and variance given by

Vm(S)z{ (n—l)(2n+5)—éti i (i—l)(2i+5)}/18, 4

with Var(S) variance of the MK statistic and #i number of ties of extend i.
The standardized test statistic Zmx is computed as
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& for S>0
JVar(S)
ZMK: O for S:0 7 (5)
S+1 for S<0

\Var(S)

Using a two-tailed test for a specified significance level a, the null hypothesis is rejected if | Zmx|
is greater than Zi-«2and the trend can be considered significant.

Finally, a further analysis was conducted and the trend slopes were evaluated by means of a
linear regression method.

4. Results

From the results of the homogenization procedure, 44 out of 79 monthly rainfall series resulted
as homogeneous and 35 were homogenized. A total of 46 breaks were corrected in the whole dataset,
with a maximum number of four breaks identified in two series and an average of 1.3 breaks per
homogenized series.

After the homogenization of the monthly rainfall data, a trend analysis was performed. The
results of the trend analysis applied to the monthly, seasonal and annual rainfall values, for a
significance level equal to 95% are presented in Figure 2a, which shows the percentages of rain gauges
evidencing positive or negative trends. In this figure, and in the following ones, seasons were divided
considering December, January and February as winter, March, April and May as spring, June, July
and August as summer and September, October and November as autumn.
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Figure 2. (a) The trends of the monthly, seasonal and annual rainfall values expressed as the
percentage of rain gauges and (b) the spatial distribution of rain gauges showing positive or negative
annual rainfall trend.
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As aresult, at the annual scale, a prevalent rainfall decrease was detected. In fact, more than 28%
of the annual rainfall series showed a negative trend, while significant positive trends were identified
only in 5.1% of the series. This negative trend is spatially distributed throughout the entire study area
(Figure 2b and Table 1), with the highest magnitude detected in the area near the Coastal Chain,
where the rainfall reduction reaches values higher than 60 mm/10 years.
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Table 1. Trend slopes (mm/10 years) evaluated with the Theil-Sen estimator. Bold values identify significant trends.

ID Jain Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Win Spr Sum Aut
900 45 -12 -17 -09 -15 -12 00 06 04 -02 -63 -40 -168 -134 -63 09 51

9% -45 -07 19 -01 -15 00 02 00 12 -25 -24 -64 -223 -174 20 02 40

970 -54 06 15 -09 -17 -04 07 00 04 00 -18 -40 -91 -119 20 05 -15
1000 -76 -50 -13 -30 27 -06 01 11 55 -46 1.1 -68 =500 -222 -9.7 -01 0.0
1010 -09 -26 -07 -18 -13 02 03 00 31 -30 -15 -40 -111 -97 =33 10 -09
1030 -5.0 -19 0.9 060 09 04 04 05 45 29 -03 -60 -172 -144 16 23 -10
1060 -161 -80 -30 15 27 14 09 00 66 -55 -78 -78 -646 -451 -43 52 -131
1092 253 55 315 -239 56 111 -54 -53 206 -162 -107 -136 179 -104 245 -24 -8.0
1100 -74 -13 5.1 09 -27 -11 02 06 22 -38 -33 08 -129 -96 45 08 -77
1120 22 23 3.6 1.1 -22 00 03 02 28 -10 24 -39 35 66 39 09 -14
1130 -15 -09 04 12 05 09 02 02 32 -15 -l6 -21 47 56 17 29 0.7
1140 -40 -28 04 -02 -03 10 07 00 36 -22 -32 -69 -123 -134 -05 40 -32
1180 -33 -14 1.3 02 -11 03 05 02 15 -01 -29 26 -87 -128 06 08 -1.0
1230 -1.0 -1.7 03 09 01 10 16 03 63 -35 1.0 51 93 64 17 4.6 44
1360 -2.0 06 28 00 -12 -01 00 03 33 24 36 -16 01 -86 42 01 -80
3% -73 00 13 -13 -06 00 00 00 33 -28 -73 49 -31 -55 26 12 -131
1410 -30 33 -23 -10 -11 -08 00 0O 20 -28 -29 -108 -39.0 -220 -33 -17 -238
1440 -03 07 34 -04 -14 -05 00 00 18 -10 -58 -67 -173 -90 07 02 -0.1
1455 164 357 353 23 33 25 -02 00 404 544 420 -107 2386 586 469 -1.7 1513
1500 -92 02 77 44 23 -05 07 16 35 -89 -70 02 -266 -128 165 33 -174
1580 -40 08 06 08 -08 03 04 09 29 03 -61 -49 42 -10 27 32 56
1670 -31 63 1.0 16 -14 00 00 00 57 -42 154 -109 270 -01 44 -09 16.6
1675 -46 346 432 34 33 06 01 20 -32 49 468 -208 158.7 627 400 -82 486
1680 -23 00 15 0.1 00 00 01 00 16 0.1 -32 26 03 83 39 09 0.7
1695 104 256 489 -60 13 06 -01 -02 -67 296 349 -232 515 447 327 -45 389
1700 -33 -13 -19 02 -03 -01 02 00 28 -12 44 -48 -308 -108 -07 04 -56
1740 -63 04 -05 02 09 -04 00 00 40 -04 -52 -63 -267 -123 -09 -05 -26
1760 -17 03 07 -07 -08 -01 01 00 25 -02 51 45 -75 58 02 05 47
1780 -65 03 1.1 0.0 04 -05 06 06 37 12 -18 -70 -51 -168 23 138 2.7
1820 -52 -23 0.0 12 -07 00 05 00 19 03 -57 -48 -177 -127 15 13 57
1830 -3.1 -1.0 0.2 18 -10 -23 16 20 38 22 -55 -68 -73 -121 -08 3.0 -51
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Moreover, lower decreasing trends were identified in the eastern and in the southern side of the
region, with magnitudes greater than 20 mm/10 years. Conversely, only four out of 79 stations
showed a positive trend but with a magnitude higher than 60 mm/10 years (Figure 2b and Table 1).

At the seasonal scale, in winter, a marked negative trend was detected, with more than 37% of
the rain gauges showing significant values. This trend behavior in winter was confirmed at the
monthly scale, in particular in December and January, with 28.2% and 31.6% of the rain gauges
showing a negative trend, respectively (Figure 2a). The spatial results of the trend analysis applied
to the winter rainfall (Figure 3 and Table 1) evidenced a spatially distributed negative trend, similar
to the annual one, with reductions higher than 30 mm/10 years in the Coastal Chain area.
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Figure 3. Spatial distribution of the rain gauges showing positive or negative seasonal rainfall trends.

In addition, negative trends with magnitudes greater than 20 mm/10 years were also identified
in the southern part of the region across the Serre Chain and the Aspromonte. Moreover, lower
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decreasing trends were identified in the south-eastern side of the region. Only one rain gauge in the
central part of the region showed a positive trend, but with a magnitude higher than 30 mm/10 years
(Figure 3 and Table 1). On a monthly basis, in January, the highest negative trends were identified in
the Coastal Chain and especially, around the Serre Chain and the Aspromonte, with magnitudes
between -10 mm/10 years and -20 mm/10 years (Figure 4 and Table 1). A similar spatial trend
distribution was detected in December with less rain gauges showing negative trends than in
January, but with a higher magnitude also greater than 20 mm/10 years (Figure 4 and Table 1). A
totally different behavior characterizes the spatial trend distribution in February, with few rain
gauges on the Tyrrhenian side of the region showing positive values with a magnitude higher than
20 mm/10 years (Figure 4 and Table 1).

Regarding the spring months, no clear tendency was detected. In fact, in April, 2.6% (1.3%) of
the rain gauges evidenced a negative (positive) trend, while in March and in May only positive and
negative trends were detected, respectively (6.3% of the rain gauges for both months). As a result of
this monthly behavior, in spring, 2.5% of the rain gauges showed a negative trend and 3.8% a positive
one (Figure 2a). The low number of significant trends is clearly shown considering the spatial
distribution of the results (Figures 3 and 4, and Table 1). In fact, in spring, only three rain gauges
located in the Sila Plateau, in the Serre Chain and in the Ionian coast showed a positive trend, with
magnitudes reaching values higher than 30 mm/10 years. On the contrary, only one station in the
Coastal Chain evidenced a negative trend with a reduction evaluated in less than 10 mm/10 years
(Figure 3 and Table 1). On a monthly basis, in March, the positive trends were detected on the Ionian
coast and in the north-eastern side of the region with a magnitude higher than 30 mm/10 years and
between 5 mm/10 years and 10 mm/10 years, respectively (Figure 4 and Table 1). In contrast, in May,
only reductions between 0 and 5 mm/10 years were evidenced (Figure 4 and Table 1).

As opposed to the winter one, the summer precipitation showed a marked positive trend (16.5%
of the rain gauges) without any negative significant results. In particular, at the monthly scale, 7.7%,
34.2%, and 13.9% of the rain gauges showed a positive trend in June, July, and August, respectively,
and only 5.1% of the stations evidenced a negative trend in June (Figure 2a). A spatially distributed
positive trend characterizes the results of the trend analysis applied to the summer rainfall, with
slight increases between 0 and 10 mm/10 years in all the rain gauges (Figure 3 and Table 1). A similar
spatial trend distribution was detected in July, with positive trends spreading across the region but
with a magnitude between 0 and 10 mm/10 years (Figure 4 and Table 1). Additionally, in August, a
maximum increasing magnitude between 0 and 10 mm/10 years was evaluated, but only in the central
and southern parts of the region, while in the northern part no significant trends were detected
(Figure 4 and Table 1).

Finally, in the autumn months, a very marked positive trend was observed in September (82.3%
of the rain gauges) while an opposite behavior was detected in October and in November with 7.7%
and 15.2% of the rain gauges showing a negative trend, respectively. As a consequence of the monthly
trends, in autumn, 5.1% of the rain gauges showed a negative trend while only 2.5% evidenced a
positive one (Figure 2a). The first was detected in the central and western parts of the region
(maximum magnitude between —10 mm/10 years and —20 mm/10 years) and the latter identified on
the Ionian coast, also reaching values higher than 30 mm/10 years (Figure 3 and Table 1). The
difference between September and the other autumn months is evident considering the spatial
distribution of the trend on a monthly basis. In fact, in September, almost the entire region showed
positive values with different magnitude values (Figure 4 and Table 1). On the other hand, in
November, the spatial distribution of the results evidenced mixed positive and negative trends in the
southeastern side of the region (Figure 4 and Table 1). In October, a prevalent negative trend was
detected in the western side of the region, with rainfall reductions between 5 mm/10 years and 10
mm/10 years, while a positive trend was identified on the Ionian side, with a magnitude higher than
30 mm/10 years.

In order to further confirm the trend magnitude, the trend analysis was also performed by means
of linear regression (Table 2). Indeed, the results of this analysis reflect the ones obtained with the
previous tests (Table 1).
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Figure 4. Spatial distribution of the rain gauges showing positive or negative monthly rainfall trends.
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Table 2. Trend slopes (mm/10 years) evaluated with the linear regression. Bold values identify significant trends.

ID Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Win Spr Sum Aut
%0 90 -08 36 -08 -25 -18 08 15 10 -10 -83 -82 -276 -184 -75 05 -6.7
930 -66 -16 03 -09 -27 -06 09 04 01 -38 -31 -77 -239 -178 -28 09 -56
970 -50 -11 17 -12 -20 -06 13 03 03 04 -18 -38 -66 -109 -22 09 -12
1000 -80 -47 -01 -33 -37 -15 04 15 39 -42 04 -102 -49.7 -258 -89 -05 0.6
1010 -0 30 00 -17 -l16 04 08 01 27 -25 -14 -59 -72 -75 =29 13 -06
1030 -49 -18 13 05 -19 -01 11 09 39 -32 -14 -77 -145 -140 04 17 -05
1060 -20.8 -102 -13 19 47 21 33 03 56 -70 -103 -113 -674 -459 -31 56 -124
1092 156 105 43.0 -19.7 -5.0 144 -99 -46 189 -137 -143 -127 -194 -89 189 -99 -272
1100 -89 22 43 15 -47 -01 -01 17 14 -35 -66 —41 -11.8 -132 30 19 -81
1120 -15 21 46 21 -24 02 04 08 38 -07 -40 -40 90 53 49 12 -06
1130 -08 -08 07 16 -0 10 11 09 34 -11 -13 -35 40 47 18 30 13
1140 -33 -20 04 00 -07 14 16 08 28 -15 -31 -84 -117 -116 -06 3.8 -26
1180 -38 -15 12 -01 -12 02 01 02 12 -05 -30 -39 -73 -99 04 08 -27
1230 -02 -21 19 06 -06 11 30 18 69 23 07 -89 98 -53 25 59 57
1360 —40 -15 28 14 -20 01 02 10 57 -56 -97 -19 36 51 41 09 -91
1380 -11.7 04 09 -15 -25 -04 06 16 66 -87 -124 -70 -399 -67 -40 18 -152
1410 47 55 -45 -18 -33 -25 03 00 24 -39 -42 -97 -392 -247 -90 -22 -59
1440 -27 17 -22 10 -21 -11 13 06 57 27 -30 -84 -146 -79 -28 07 18
1455 231 413 338 81 64 54 -68 -21 360 654 428 -87 2281 559 438 -51 138.8
1500 -11.6 -36 63 45 22 00 18 21 27 -86 -104 -88 -244 -204 143 41 -174
1580 -71 26 -19 25 -16 -01 16 11 52 26 74 -53 42 -59 09 26 -70
1670 -28 92 00 32 -22 -03 07 -05 102 -51 123 -72 298 30 15 -02 174
1675 4.6 467 410 -26 -09 01 -02 -148 -148 108 51.1 -23.0 1923 53.6 340 -12.8 476
1680 20 -06 15 09 02 -02 12 01 31 -11 -44 29 33 -77 32 11 -27
1695 163 342 471 -129 -54 06 -52 -6.0 -13.6 362 398 -206 1134 381 219 -103 60.1
1700 -38 -1.7 -21 06 -02 -13 13 02 45 -55 -74 -52 -319 -121 -18 03 -94
1740 -79 06 -21 10 -10 -18 06 01 68 49 -67 -81 -259 -157 -22 -11 -27
1760 -14 17 15 -03 -09 -10 11 05 24 24 -88 50 -79 57 03 06 -79
1780 -95 11 13 06 -04 -08 22 11 48 05 -30 -87 -26 -159 23 23 24
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-8.0
4.7
2.0
-19.7
-14
202.0
13.0
-5.2
-18.0
-39.1
15.1
3.0
-6.1
3.4

-14.4
-15.4
-12.6
-6.3
-6.1
-11.2
-2.9
-15.3
-12.6
107.3
8.7
-7.8
-12.0
-21.3
-2.1
-1.4
-8.9
-11.8

-0.3
-10.9
-1.3
-0.9
0.4
5.3
1.7
1.4
-15
374
2.1
-3.9
-4.7
-7.0
6.7
3.2
-2.2
34

0.9
-3.3
3.8
-0.3
-0.4
3.3
3.1
-0.9
3.0
7.3
3.7
1.1
-0.9
1.1
1.0
3.1
-1.9
5.5

-0.1
-4.8
32
0.3
0.0
7.8
-1.9
1.9
49
32.8
-1.7
0.3
-1.7
-6.0
43
5.1
-1.1
5.8
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5. Conclusions and Discussion

Long-term observations of meteorological variables are paramount for monitoring ongoing
climate change, and thus contrast their impacts on human and natural systems. In this context, there
has recently been growing agreement in the scientific community about the fact that, in order to use
meteorological time series for climate analyses, a clear knowledge of data homogeneity is required.
In fact, scientists have become conscious of the fact that the real climate signal in a series of
meteorological data can be hidden behind non-climatic noises caused by several factors, such as
station relocation, changes in instruments, changes in observation times, observers, algorithms for
the calculation of means, etc. The aim of this paper was to create a reliable rainfall database for the
analysis of the climate trend in the Calabria region (southern Italy), where data collection started at
the beginning of the past century, and where, therefore, climatological series longer than 100 years
are available. With this aim, monthly rainfall series were first tested for homogeneity by applying the
well known standard normal homogeneity test. In particular, in this paper, the Climatol package
provided under the R programming language was applied because this method, by performing an
iterative procedure, allows us to automatically identify and remove inhomogeneities from the series.
Moreover, although it is acknowledged that homogenization methods cannot provide the real
adjustment for artificial discontinuities affecting a climate time series, the efficiency of Climatol has
been documented in several papers, also when compared to several other methods [23,38]. Finally,
as pointed out by Fioravanti et al. [38] the choice of automatic methods is required when there is a
high number of weather stations and a lack of metadata documenting potential change points. The
results of the homogenization procedures allowed us to detect that more than 50% of monthly rainfall
series resulted as homogeneous. Nevertheless, 35 out of 79 series were homogenized by correcting a
total of 46 breaks and an average of 1.3 breaks per homogenized series.

After the homogenization procedure, in order to analyze the possible trends in the rainfall series,
the Theil-Sen estimator and the Mann-Kendall non-parametric test were applied. Results evidenced
a decrease in the rainfall amount at the annual scale, given by a reduction detected in winter, i.e., the
rainy season in the Calabria seasons. Conversely, an increase in rainfall was identified in spring and
especially, in summer, thus confirming past studies performed in other Italian regions which
evidenced an increasing rainfall trend in the dry season and an opposite tendency in the wet season
[6,14,17,39]. These different rainfall behaviors are probably linked to the time variability of the
circulation types pointed out by Maheras et al. [7], who found a general positive trend of anticyclonic
circulation, normally associated with a lower-than-average probability of rainfall, and a negative
trend of cyclonic types.
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