. . 7
Environmental Sciences m\Dp|
Proceedings P

Proceedings

A Gridded Database for the Spatiotemporal Analysis
of Rainfall in Southern Italy (Calabria Region) *

Tommaso Caloiero !, Roberto Coscarelli 2* and Gaetano Pellicone 1

! National Research Council-Institute for Agricultural and Forest Systems in Mediterranean (CNR-
ISAFOM), 87036 Rende, Italy; tommaso.caloiero@isafom.cnr.it (T.C.); gpellicone@gmail.com (G.P.)

2 National Research Council-Research Institute for Geo-Hydrological Protection (CNR-IRPI),
87036 Rende, Italy

* Correspondence: roberto.coscarelli@irpi.cnr.it; Tel.: +39-0984-841-417

t Presented at the 4th EWaS International Conference: Valuing the Water, Carbon, Ecological Footprints of
Human Activities, Online, 24-27 June 2020.

Published: 8 August 2020

Abstract: In this work, a gridded database was obtained from a rainfall dataset of 129 monthly series
collected for the period 1951-2016 in the Calabria region (southern Italy). The Inverse Distance
Weighted (IDW) interpolation method was applied to build 603 rainfall grid series with a spatial
resolution of 5 km x 5 km. In order to detect possible trends, for each grid point, the seasonal and
annual rainfall series were analyzed with the Mann—-Kendall non-parametric test and the Theil-Sen
estimator. Results showed a decreasing trend for the annual and winter-autumn rainfall and an
increasing trend for the summer one.
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1. Introduction

In recent decades, climate change has received considerable attention for its possible impacts on
long- and short-term variability of water resources in several areas of the world. In fact, climate
change could influence extreme dry events, increasing their frequency and magnitude and thus
causing changes in mean renewable water supplies [1]. In this context, the analysis of the spatial and
temporal variability of rainfall and runoff has become paramount for water resource management
purposes [2]. In particular, trend analysis has been widely used to detect the possible consequences
of climate change in different hydrological temporal series, especially in the Mediterranean basin,
which is considered a hot spot [3]. In the Mediterranean area, different results have been obtained
between the eastern and western side of the region. In fact, while the west-central part is characterized
by a negative rainfall trend [4], although highly variable across the decades, the eastern side presents
contrasting results with positive rainfall tendencies in some areas [5,6], and negative trend in others,
such as Israel [7,8]. In regard to Italy, many studies on annual rainfall have been performed on a
regional level. These studies displayed a decrease in annual rainfall amounts, particularly evident in
the southern part of the country [9]. Conversely, on a seasonal scale, a different trend behavior has
been demonstrated in thorough analyses on a regional scale performed in Campania [4,10], Basilicata
[11], Sicily [12], Calabria [13], and Sardinia [14,15].

In this study, in order to detect possible changes in rainfall data in southern Italy, seasonal and
annual rainfall series recorded in the Calabria region were analyzed and the temporal changes of the
different series were detected using two non-parametric tests. The Calabria region is one of the
centermost region within the Mediterranean basin, where the climate change dynamics are directly
caused by the influence of the central Europe and the North Africa climates. It is one of the regions
of Italy most affected by drought [16] and is prone to desertification phenomena [17].
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2. Study Area and Data

Located at the toe of the Italian peninsula, Calabria has a surface of 15,080 km2 On average its
altitude is 597 m a.s.l. and its tallest relief is 2266 m a.s.l. Calabria does not present many high peaks,
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 cover 49% of the territory and only 9% of the region is
under 50 m a.s.l. (Figure 1). It is a region characterized by a typically Mediterranean climate,
presenting sharp contrasts due to its position within the Mediterranean Sea and its orography.
Specifically, warm air currents coming from Africa affect the Ionian side, leading to high
temperatures and short and heavy rainfall. The Tyrrhenian side, instead, is affected by western air
currents which cause milder temperatures and higher precipitation (often convective) amounts than
on the Ionian side. Cold and snowy winters and fresh summers with some precipitation are typical
of the inner areas of the region [18].

In this study, a gridded monthly rainfall database with a spatial resolution of 5 km x 5 km was
used. This database was obtained starting from that presented in [19], but was updated at 2016. The
original precipitation series registered in the Calabria region from 1916, and stored by the Multi-Risk
Functional Centre of the Regional Agency for Environment Protection, were checked to eliminate
inhomogeneities from the data series and lack of data. As a result, the analysis focused on a total of
129 rainfall series (Figure 1) for the period 1951-2016 in order to study the rainfall series falling within
the same time range and presenting the same length. Finally, the monthly rainfall data were spatially
distributed to build 603 monthly rainfall grid series (Figure 1).
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Figure 1. Localization of the rain gauges on a digital elevation model of the Calabria region (left) and
visualization of the grid with a spatial resolution of 5 km x 5 km (right).
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3. Methods

3.1. Inverse Distance Weighted

The Inverse Distance Weighted (IDW) method was the chosen method to build 603 monthly
rainfall grid series with a spatial resolution of 5 km x 5 km. This technique is based on the algorithm
of [20,21]. It relates the unknown value of a certain variable in a defined point to the values of the
same variable measured in other locations on the basis of the distance between the locations. The
closer an observation is to the point of estimation, the higher its influence. This influence is expressed
through a weight (w), which has the following formulation [20]:

1
w;(x)= T 1)

where x is the point where the estimate is wanted, xi is one of the points where observations are
available, d is the distance between the two locations, and p is an exponent that allows one to give
different forms to the weighting function. The higher the value of p, the less importance given to more
remote observations. An exponent p equal to 2 was set as default in the used R function so as not to
penalize too much of the contribution to the estimation of far-away points. The number of
observations used for each estimation was set to 12.

3.2. Trend Analysis

In this paper, in order to analyze 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 [22] and the statistical significance was assessed with the Mann-Kendall (MK) non-
parametric test [23,24]. The Theil-Sen estimator was selected because it is more powerful than linear
regression methods in 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:

x-—xk .
Q;=—L for i=1,..,N, )

in which xj and xx 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:

Q[(N+1)/2] if Nis odd
Qied = ’ ©
Qlnr2) + (23[(N+2)/ 2l if Niseven

The Qnea sign reflects the behavior of the data trend, while its value indicates the steepness of the
trend.
For a series with dimension 7, the MK statistic is obtained as:

Sznilisgn(xj—xi); with sgn(x]-—xl-)z 0 if (x]-—xl-)zo , 4)
i=1 j=i+l

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

Var(S):[n(n—l)(2n+5)— St i (i—l)(2i+5)}/18, 5)
=1

with tinumber of ties of extended i.
Finally, the standardized test statistic Zux is computed as:

571 forss0
Var(S)
ZMK: 0 for SZO, (6)
& for S<0
Var(S)

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

4. Results and Discussion

The gridded database was obtained from a rainfall dataset of 129 monthly rainfall series (about
one station per 117 km?) collected in the period 1951-2016 in the Calabria region. The inverse distance
weighed (IDW) method was the chosen method to build 603 monthly rainfall grid series with a spatial
resolution of 5 km x 5 km (Figure 1). For each grid point a trend analysis was performed. The results
of the trend analysis applied to the annual and seasonal precipitation, for a 95% significance level, are
presented in Figure 2, which shows the percentages of grid points with a positive or negative trend.

’ | |
Annual 29.2 1.0

Winter 37.8 0.2

Spring 69.3 4.8

Autumn 74.5 0.2
| | | | | | |

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Negative but not significant B Negative and significant B Positive but not significant B Positive and significant

Figure 2. Trends of the annual and seasonal rainfall expressed as percentage of grid points.

On the annual scale, a clear negative trend was detected. In fact, about 54% of the grid points
showed a negative trend, while significantly positive trends were identified only in 1% of the grid
points. The negative trend is spatially distributed throughout the entire region and, in particular, in
the northwestern side (with slopes also lower than -20 mm/10 year), while the positive trend is
located on the Ionian side of the study area but with low rates (Figure 3).

This negative trend of the annual rainfall is mainly due to the negative trend detected in winter,
with more than 44% of the grid points showing significant values. In regard to spring, only a few grid
points showed significant trends (about 10%) and with opposite signs. In fact, in spring, 5.8% of the
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grid points showed a negative trend and 4.8% a positive one. As opposed to the winter precipitation,
that of summer showed a positive trend, although significant only for 6.3% of the grid points. Finally,
in autumn, a marked negative trend was detected, with 19.7% of the grid points showing a negative
trend and only 1 grid point (0.2% of the total) displaying a positive one (Figure 2).
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Figure 3. Annual trend map. The square dimension indicates a significance level of the trend: large
squaresindicate p < 0.05, small squares otherwise.

The spatial results of the trend analysis applied to the seasonal precipitation are presented in
Figure 4. In particular, the spatial analysis of the winter trend displayed similar behavior with the
annual one, with negative trends spreading across northwestern part of the region and rates also
lower than -20 mm/10 years. In spring, clearly opposite trends (but often not significant) were
detected between the two sides of the region: a prevalent negative trend in the western side (with
rates lower than in winter as absolute values) and a positive trend in the eastern side (with slopes
higher than in winter). In summer, positive trends were identified in the eastern side of the region,
while the western side showed a significant negative tendency only for one cell. Finally, in autumn,
the spatial distribution of the trend is similar to that of winter, although with less grid points showing
a significant trend.

These results, which demonstrated a reduction in the winter season and a slight increase during
summer, confirmed those obtained in other Italian regions [4,10,25]. Moreover, the orography of
Calabria seems to influence the rainfall trends, with a different behavior emerging in some seasons
between the two sides of the region. In fact, the particular orography of the region, trending south—
north, constitutes an important barrier to the mean airflow approaching from the west [26].



Environ. Sci. Proc. 2020, 2, 6

B <22 B =o--18] 1s--12] ] -12-8
L] s-= [ ] @-0 [] o-4 [] 4-8 mm/10 years
I &-12 [ 12-15 [ 16-20  >20

OREZICSCSCOONE

summer SIEH ; autumn

Figure 4. Seasonal trend maps. The square dimension indicates a significance level of the trend: large

squares indicate p < 0.05, small squares otherwise.

5. Conclusions

6 0f 8

In this study a 65-year old rainfall database, updated in 2016, was used in relation to an extended
rain gauge network (129 stations). Moreover, the application of the IDW method allowed us to build
603 rainfall grid series with a spatial resolution of 5 km x 5 km. For these reasons, the obtained results

can be considered spatially and temporally completed and updated to recent years. The main output

is the significant negative tendency of the rainfall amount that emerged in winter and autumn,
seasons which, for Calabria, are characterized by more frequent rainfall events essential for
renewable water supplies. If these results are confirmed in the next years, modifications and

integrations in water resource management will be required to cope with possible drought and

desertification risks in the Calabrian territory.
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