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Abstract

Precipitation variability in space and time has been a focus of research over the past decades. The largest body of literature
was essentially focused on long-term changes in average climates and in climate extremes. Analyses of the changes in the
inter-annual climate variability (the year-to-year variability), which represent an index of climatic risk, received instead very
less attention, but it represents an important issue in order to quantitatively measure the socioeconomic impact of climate
change impact over water resources. In order to depict a general characterization of the long-term climate variability for the
Campania region, located in Southern Italy within the Mediterranean basin, an analysis of the precipitation coefficient of
variation, assumed as an index of inter-annual climate variability, was performed over the period 1918-2015 and compared
with the annual precipitation regime and the intra-annual precipitation variability of the same region. The Mann—Kendall
and the modified Mann—Kendall tests were applied to detect the sign and significance of the temporal changes and Sen’s test
was applied to quantify the temporal changes in inter-annual variability. The results illustrated a generalized condition (73%
of total stations) of statistically significant increase of inter-annual variability distributed almost over the whole analyzed
area, even though the detected change appeared rather moderate in magnitude. The relationship between annual precipitation,
intra-annual precipitation variability, and inter-annual precipitation variability was not clearly identified for the studied region,
likely because of the characteristics of climatic homogeneity for the area under investigation. However, the comparative
analyzes clearly showed how, if the variations in the annual precipitation regime and in the intra-annual precipitation vari-
ability are poorly significant (respectively for 9% and 11% of total station), changes in inter-annual precipitation variability
are strongly marked over the studied region.

1 Introduction Precipitation variability in space and time has been a focus

of research over the past decades indeed. The largest body of

Water scarcity is a recurring and worldwide phenomenon,
with spatial and temporal characteristics that vary sig-
nificantly from one region to another (Tallaksen and Van
Lanen 2004). The climate change is likely to accelerate the
climate-meteo-hydrological processes able to lead toward
intense drought episodes (Longobardi and Van Loon 2018)
and understanding historical precipitation variability is nec-
essary to plan mitigation strategies to face future climate
change impacts.
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literature was essentially centered on long-term changes in
average climates, such as monthly or annual scale precipita-
tion and air temperature data (Rodriguez-Puebla et al. 1998;
Martino et al. 2012; Santos et al. 2017). Also, temporal and
spatial changes in climate extremes were intensively studied
(Hamilton and Keim 2009; Sohoulande djebou and Singh
2016; He and Li 2019). Changes in average and extreme cli-
mates have an undoubted effect on water resources assess-
ment, floods, and drought management, and affect plant
growth, agricultural production, and the biogeochemical
cycle. But, an equally important role is played by the inter-
annual variability, in particular for what concerns the precipi-
tation, which instead received very less attention. The inter-
annual precipitation variability is intended as the year-to-year
variability in cumulative precipitation occurrences and can
represent an index of climatic risk, as long as it marks the pos-
sibility for a random sequence of years of rainfall abundance
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and years of rainfall scarcity, with their relevant conse-
quences. In particular, for what concerns the socioeconomic
impact of water resources management of complex systems
under climate change scenarios, it was showed how includ-
ing inter-annual precipitation variability leads towards more
severe drought events and the largest water storage deficits
(Preziosi et al. 2013; Pierleoni et al. 2014; Ronco et al. 2017).

In 1941, Conrad (1941) observed how “in some years
on Malden Island, precipitation amounts to 100 millimeters
and in others to 2.000 millimeters and more. The relative
variability is 71 percent.” On a global scale, using 384 rain
gauge stations, he introduced the relative variability index
and found that it decreased in general with an increase in
mean annual precipitation (MAP). Over large areas, the
relative variability however deviated significantly from the
general global trend. Later, Nicholls and Wong (1990) used
the coefficient of variation (CV) as a measure of precipita-
tion inter-annual variability and found very similar results.
Fatichi et al. (2012) demonstrated, in a global scale study,
how the MAP only explains the 16% of the CV variations
and that an additional index which describe the intra-annual
variability, the PCI (precipitation concentration index; Oli-
ver (Oliver 1980) could help improve the interpretation of
the inter-annual precipitation variability.

Most of the studies related to inter-annual variability
involved future predictions of CV values and temporal pat-
terns under climate change scenarios conventionally proposed
by the IPCC. The analyzed scale was overall a global scale
and the general trend predicted an increase in inter-annual
variability (Giorgi and Bi 2005; Giorgi and Lionello 2008;
Pendergrass et al. 2017; He and Li 2019). But, water shortage
can vary significantly from one region to another (Tallaksen
and Van Lanen 2004), and investigating precipitation inter-
annual variability at this scale is also very important espe-
cially to quantitatively measure the socioeconomic impact of
climate change over these particular systems. Regional-scale
analyses are however seldom find in the current specific litera-
ture. Only two studies over a tropical climate region and one
in a Mediterranean climate-type region analyzed CV tempo-
ral patterns derived from historical precipitation time series,
confirming an increase in the CV (Gajbhiye et al. 2016; He
and Gautam 2016; Chandniha et al. 2017). Another limita-
tion is represented by the massive use of projected climate
change scenario from where potentially infer the climatologi-
cal characteristics of a specific area. Coarse spatial resolution
data from global weather dataset or climate models are indeed
poorly effective because of the high precipitation variability
that affects particular regions of the globe; thus, historical
in situ measurement are crucial for reliable drought conditions
assessment (Marini et al. 2019). Especially for what concerns
the Mediterranean basin, it is well known to be featured by a
large climate variability (Luterbacher et al. (2006)) and was
recognized as one of the most outstanding “Hot-Spots” in the
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future climate change predictions (Giorgi (2006)). Numer-
ous studies involving Mediterranean long-term precipitation
showed a moderate to a strong reduction in precipitation over
the last 50 years (Diinkeloh and Jacobeit 2003; Ramos and
Martinez-Casasnovas 2006; Longobardi and Villani 2010;
Meddi et al. 2010; Boulariah et al. 2017; Lazoglou et al.
2019). The large decrease in average precipitation is coupled
to an increase in precipitation variability, especially during
the warm season, as illustrated by Giorgi (2006). Using the
CV as a measure of precipitation variability, he developed a
regional climate change index RCCI, using 20 global climate
models, concluding that the Mediterranean, along with the
North-Eastern European regions, emerges as the most respon-
sive region to climate change.

In the outlined context of scarcity of empirical regional-
scale studies based on historical observations, the current
work aims to illustrate the results in terms of inter-annual
precipitation variability for a specific area, located in the
Mediterranean basin. The study area is a 25,000 km? region
located in Southern Italy and was already analyzed in the past
for a climatological characterization (Longobardi and Villani
2010; Califano et al. 2015; Longobardi and Mautone 2015;
Longobardi et al. 2016; Fattoruso et al. 2017; Longobardi
et al. 2021). The annual precipitation in the region appeared
to show a general negative trend, which was however statisti-
cally significant for only a limited number of rain gauge sta-
tions. Changes in intra-annual precipitation variability, sum-
marized by the PCI index, were also evaluated, showing a
general trend for a precipitation regime shift from a seasonal
to a more uniform one, but again the statistical significance
was limited to a small number of rain gauge stations.

In the current research, the CV average and spatial vari-
ability at the regional scale were first illustrated. Thirty years
moving windows CV time series were then reconstructed for
each station, in order to analyze the temporal changes in the
CV patterns. The Mann—Kendall and the Mann—Kendall modi-
fied test for autocorrelated time series were used to measure
the statistical significance and the sign of the changes (Hamed
and Rao 1998; Yue and Wang 2004), and Sen’s slope test was
adopted to measure the magnitude of temporal changes in
CV (Theil 1950; Sen 1968). In the end, the inter-annual pre-
cipitation changes were compared with the previously studied
annual precipitation regime and intra-annual precipitation vari-
ability changes, in order to depict a general characterization of
the long-term climate variability for the investigated region.

2 Materials and methods
2.1 Study area and available data set

The region under investigation is a large area of about
25,000 km?, located in Southern Italy, stretching from the
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Apennine Mountains to the Mediterranean Sea with a pro-
gressively decreasing elevations moving from the inlands to
the coastline (Fig. 1). The climate regime of the study area is
typically seasonal with some evident differences depending
on the location of the station. Large precipitation is recorded
during the winter periods and near or in correspondence
with the tallest reliefs, because of the significant orographic
effect on precipitation.

The rain gauge network for the investigated region was
managed by the SIMN Servizio Idrografico e Mareografico
Nazionale for the period 1918-1999. Available data con-
sist of annual and monthly precipitation time series for over
300 sites located across the Campania region and the Lazio
region. A data quality control process was performed in Lon-
gobardi and Villani (2010) and only 163 rain gauge stations
were successfully at a time series homogeneity statistical
analysis.

After 1999, the Regional Civil Protection Department
was charged for rain gauge network reorganization and
management. A change in the consistency, spatial loca-
tion, and typology of rain gauge stations occurred around
that period indeed, which undermined the possibility for
a database merging. In fact, only a subset of 30 stations
were found to share the same location in both database
and moreover showed statistical homogeneity features over
the period 1918-2015 (Longobardi et al. 2016). For the
remaining stations, the change in the gauge location, in
particular, prevented the possibility to reconstruct a long
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precipitation time series by the two database merging.
Finer time scale resolution precipitation at 10 min was
available from 2000 to 2015, which were aggregated at the
monthly scale for the purpose of comparison with the data
recorded by the former meteorological service.

With the aim to illustrate, on the one hand, the long-
term variability over the longest available period and,
on the other, the broadest spatial patterns variability, the
current analysis was performed in two subsequent steps.
At first, in order to represent the spatial variability at the
regional scale, the investigation was focused on the 163
stations for which available data span 1918-1999. Sec-
ondly, the 30 stations subset was investigated in order to
represent the temporal variability over the longest availa-
ble period. Comparison of the results referred to the period
1918-1999 and 1918-2015 was also performed.

Daily, monthly, and annual time series are available for
the period 1918-2015. The current analysis is focused on
the annual scale.

2.2 Inter-annual variability index computation

The average CV for each rain gauge station was computed as
the ratio between the annual precipitation standard deviation
o and mean annual precipitation u:
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It represents an average index of inter-annual variability.
In order to detect changes in the inter-annual variability pre-
cipitation time series, the CV, as defined by Eq. (1), has also
been computed on a 30-year moving window. In this way,
the CV time series was reconstructed for each rain gauge
station, to be further tested for significance and magnitude
of the temporal trends. A 30-year period has been chosen as
a compromise between the definition of a climate normal
WMO (1989) and the average temporal extension of the
available historical observation.

2.3 Trend detection analysis

Time series of CV was tested for trend detection in time. A
trend is a significant change over time exhibited by a random
variable, detectable by statistical parametric and non-para-
metric procedures. In particular, the current study provided
and compared results for non-parametric Mann—Kendall
(MK), modified Mann-Kendall (MMK), and Sen’s tests
approaches.

The Mann—Kendall test (Mann 1945; Kendall 1948) is
one of the most widely used methods to detect a trend in
climatology analysis. It is used to analyze data collected
over time for consistently increasing or decreasing trends
(monotonic). It is a non-parametric test, which means it
works for all distributions; thus, tested data does not have to
meet the assumption of normality but should have no serial
correlation.

To take account of the presence of both positive and nega-
tive autocorrelation in analyzed data, which might increase
the probability to detect trends when actually none exists,
the modified Mann—Kendall test can be applied (Hamed and
Rao 1998), where the effective sample size is considered in
order to modify the Mann—Kendall statistic.

Fig.2 Spatial distribution of 1290

The Sen estimator (Sen 1968) is a method for robustly
fitting a line to sample points by choosing the median of the
slopes of all lines through pairs of points. Compared to the
non-robust simple linear regression (least squares), it can be
significantly more accurate for skewed and heteroskedastic
data and competes well against least squares even for nor-
mally distributed data in terms of statistical power.

3 Results
3.1 Average CVs for the period 1918-1999

The average CV empirical distribution is represented by the
boxplot in Fig. 2. The minimum and maximum CV values
found for the case study, respectively 14.37% and 35.16%,
appear higher than the extremes of the CV range found by
Gajbhiye et al. (2016) and Chandniha et al. (2017) in a tropi-
cal climate area, confirming the largest variability which
characterizes the Mediterranean basin. The median value
is about 20.88%. The interquartile range, which represents
an index of dispersion in the data, amounts to only 4.12%.
Few outliers skew the data (8 rain gauge stations) being only
above the boxplot upper fence. They all correspond to aver-
age CV values larger than 29.29%.

The spatial pattern of the average CV of the investigated
area was estimated through the application of an ordinary
kriging geostatistical interpolation and is represented in
Fig. 2. There do not seem to be well-organized spatial pat-
terns of average CVs. However, the higher average CV val-
ues appear to be located in the extreme areas of the studied
region that is in the southern and northern sections. A cen-
tral area between these two sections and the entire inland
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area is instead characterized by lower values of the average
CV.

3.2 CV temporal patterns for the period 1918-1999

For what concerns the temporal patterns of the 30-years
moving window CVs, each rain gauge station clear exhibits a
different pattern, but they can be basically grouped into four
different typologies as depicted in Fig. 3. Beyond an increas-
ing (e.g., ID 3610) and a decreasing (e.g., ID 3768) mono-
tonic behavior, a number of stations also presented complex
patterns, where either a stationary condition (e.g., ID 3623)
or a decreasing trend (e.g., ID 3747) precedes an increase in
the CV trend that generally occurs during the 1970s.

The relevant results of the Mann—Kendall (MK) and of
the Modified Mann—Kendall (MMK) test for trend sign and
significance (significance level @ = 5%) are illustrated in
Table 1.
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Both MK and MMK illustrate how a very large fraction,
respectively 80% and 73%, of the rain gauge stations show
a significant trend. The MMK test actually detects a lower
number of stations exhibiting a significant trend, pointing
out the potential effect of the autocorrelation in the data
which is not taken into account by the MK. However, the
difference in the number of the stations that present a signifi-
cant trend between the MK and MMK test does not appear

Table 1 Results for the Mann-Kendall (MK) and modified Mann—

Kendall (MMK) tests (a = 5%)

MK % MMK %
Stations with significant trend 80 73
Stations with not significant trend 20 27
Stations with positive trend 70 72
Stations with negative trend 30 28
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relevant, as it only amounts to 8% of total stations. For what
concerns the spatial variability, the results of the MMK test
are further discussed in the following.

Figure 4 (left panel) illustrates the spatial distribution
of the rain gauge stations with a significant/not significant
trend, provided by an ordinary kriging geostatistical inter-
polation. As already commented, the rain gauge stations that
exhibit a significant trend are dominant in the case study, and
additionally, their spatial distribution is strongly uniform.

For what concerns the sign of the trend, according to
MMK tests, a very large fraction of about 72% of the rain
gauge stations shows a positive trend. Negative trends appear
to dominate the southern area of the region, even though
not markedly (Fig. 4 (right panel)). Positive trends domi-
nate instead the remaining part. The overall findings of the
MMK test are indeed generalized conditions of significant
increase of inter-annual variability almost over the whole
analyzed area.

Figure 5 illustrates Sen’s slope magnitude over the studied
region (@ = 5%). The slope is expressed as the percentage of
annual increase or decrease in CV over the whole observa-
tions recording period. The empirical distribution of Sen’s
slope values is represented by the boxplot in Fig. 5. The
minimum and maximum CV values found for the case study
amount respectively to — 0.36% and 0.55%. The median

value is about 0.06%. The interquartile range, which rep-
resents an index of dispersion in the data, amounts to only
0.19%. Only two outliers skew the data, being one above the
0.35% boxplot upper fence and the other below the 0.23%
boxplot lower fence. Beyond the overall generalized condi-
tions of significant increase of inter-annual variability almost
over the whole analyzed area as described by the results of
the MMK test, the results of Sen’s test depict a rather moder-
ate magnitude of the detected changes.

As in the case of the average CV spatial distribution, there
do not seem to be well-organized spatial patterns of the mag-
nitude of changes in CV. Visually comparing Figs. 2 and 5,
areas featured by the lowest decrease in CV seem to relate
to areas where the largest average values of CV have been
detected. In this respect, rain gauge stations featured by the
largest average inter-annual variability seemed to be the less
affected by temporal changes.

3.3 CV temporal patterns for the period 1918-2015
and comparison with the period 1918-1999

As previously mentioned, only a subset of 30 stations was
investigated for the period 1918-2015 because of data avail-
ability (the stations share the same location in both datasets)
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Fig.5 CV Sen’s slope trend
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and statistical homogeneity. Given the small number of this
subset of rain gauge stations, the focus was only set on the
temporal CV variability and no spatial features were derived.
The list of the subset of stations, along with the results of the
MMK test, is illustrated in Table 2 (significance level a =
5%). In addition, the Pettitt test (Pettitt 1979) indicates that
there is no breakpoint at any station of the subset studied
stations. A summary is furthermore represented in Table 3
(significance level a = 5%).

In the period 1918-2015, the general tendency is still set
on a large percentage of stations, about 64%, for which a sig-
nificant trend in the CV temporal pattern was detected. Addi-
tionally, the trend is also in this period positive for the largest
percentage of stations, about 60%. Such tendency appeared
overall coherent with the results reported in Table 1 for the
larger set of 163 stations, where the percentage of stations
showing a significant and positive CV trend was only 17%
larger. For what concerns the slope of the CV, an average
value of 0.035% was found in the period 1918-2015, 40%
lower than the average over the period 1918-1999 of about
0.06%. If the qualitative behavior showed coherency in the
comparison of the large (163 stations) and the small (30 sta-
tions) database, the quantitative assessment of the Sen test,
differently from the MMK test, could have been impacted
by the restricted number of stations analyzed for the period
1918-2015.

For the same subset of 30 stations, the comparison of
the results between the period 1918—-1999 ad 1918-2015
provided in Table 3 only shows a very moderate impact of
the last fifteen years of observation over the total length of
the recording period. The last 15 years saw indeed a very
moderate increase in the percentage of the station showing
a positive trend (from 57 to 60%), a reduction in the percent-
age of stations showing a significant trend (from 73 to 64%),

and a moderate reduction of the CV slope (from 0.047 to
0.035%). In particular, for what concerns the CV slope, the
last 15 years determined a change in the sign of the slope
(both positive to negative and negative to positive) only for
the 16% of the analyzed stations (gray cells in Table 2).

4 Discussion: precipitation annual,
intra-annual, and inter-annual variability

As mentioned in Section 1, in order to depict a general
characterization of the long-term climate variability for
the investigated region, and according to previous stud-
ies reported by the relevant literature, it was essential to
comment on the observed results about the inter-annual
variability in the light of the previous findings reported
by the same authors about the annual precipitation
regime and the intra-annual precipitation variability for
the same area.

In Longobardi and Villani (2010), a study about long-
term changes in annual precipitation was performed for
the same database and the same region used for the current
study (163 stations for the period 1918-1999). It was found
that, over the whole region, the trend in annual precipitation
appears predominantly negative but that the significance of
the changes only holds for a very small number of the total
rain gauge stations, about 9% in the case of negative trend
and 27% in the case of positive trends. Later, in Longobardi
et al. (2016), the intra-annual variability of the precipitation
regime, summarized by the PCI index, was studied for a
larger database and a larger region which includes however
the area used for the current study. It was found that, for the
specific region, the trend in intra-annual precipitation vari-
ability is predominantly negative but that the significance of
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Table 2 Mann—-Kendall test Significance Sign Slope (%)

and Sen test results for the

subset of 30 gauged stations (a 1918-1999 1918-2015 1918-1999 1918-2015 1918-1999 1918-2015

= 5%). Comparison between

the periods 1918-1999 and Agerola (Fraz. S. Lazzaro) Trend No_trend  Positive Positive 0.222 0.134

1918-2015. Gray cells indicate Albanella (Ponte Barizzo) Trend No_trend  Positive Negative 0.085 -0.015

the rain g.auge stz.nions for which Benevento (Genio Civile) Trend No_trend Negative Positive —0.155 0.008

a change in the sign of the trend . .

was detected Capua Trend Trend Positive Positive 0.241 0.224
Caserta (Genio Civile) Trend Trend Positive Positive 0.064 0.063
Cassano Irpino Trend Trend Negative ~ Negative —0.246 -0.23
Cava Dei Tirreni No_Trend Trend Negative Negative —0.063 —0.06
Ercolano (Oss. Vesuviano) Trend No_trend  Positive Positive 0.319 0.086
Forino Trend Trend Negative Negative -0.127 —0.096
Gragnano Trend Trend Positive Positive 0.3 0.268
Grazzanise No_Trend Trend Negative Negative —0.066 —0.069
Luogosano No_Trend No_trend Negative Positive —-0.122 0.023
Maiori Trend Trend Negative Negative —0.073 —0.068
Massalubrense (Turro) Trend Trend Negative ~ Negative —0.085 —0.126
Mercato S.Severino Trend Trend Negative Negative -0.114 —0.091
Morcone Trend Trend Positive Positive 0.118 0.098
Morigerati Trend Trend Positive Positive 0.058 0.093
Napoli (Capodimonte) No_Trend No_trend Negative  Negative —0.055 —0.016
Paduli No_Trend No_trend Positive Positive 0.047 0.057
Pellezzano Trend Trend Negative Negative —0.049 —0.044
Positano Trend Trend Positive Positive 0.28 0.198
Pozzuoli Trend No_trend  Positive Negative 0.192 —0.023
Ravello No_Trend Trend Positive Positive 0.065 0.138
Roccadaspide No_Trend Trend Positive Positive 0.043 0.123
Rofrano Trend Trend Positive Positive 0.132 0.163
S. Angelo D’alife No_Trend No_trend  Positive Positive 0.022 0.05
Sala Consilina Trend Trend Positive Positive 0.173 0.166
Salerno (Genio Civile) *  Trend Trend Negative Negative —0.047 - 0.05
Torraca Trend No_trend Negative Positive —0.061 0.011
Tramonti (Chiunzi) Trend No_trend  Positive Positive 0.2 0.024
Average 0.043 0.035

Table 3 Summary of the Mann—Kendall test results for the subset of
30 gauged stations (@ = 5%). Comparison between the periods 1918—
1999 and 1918-2015

1918-1999 1918-015

% %
Stations with significant trend 73 64
Stations with not significant trend 27 34
Stations with positive trend 57 60
Stations with negative trend 43 40

the changes only holds for a very small number of the total
rain gauge stations of about 11%.

The overall findings of the previous studies over the
region under analysis delineated a general, but not markedly
significant, tendency toward a reduction in total precipitation
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and a general, but again not markedly significant, tendency
toward a more uniform distribution of the total precipitation
during the year (reduction in climate seasonality).

Figure 6 compares the spatial distribution of mean annual
precipitation, precipitation concentration index, and average
coefficient of variation. The mean annual precipitation spa-
tial pattern is strongly influenced by the orography of the
region, with the tallest relieves running north-west toward
the south-east, where the largest values of MAP, between
1500 and 2000 mm, can be found. Similarly, the average PCI
spatial distribution is markedly affected by the orography
and the distance from the coastline. Coastal areas are fea-
tured by the largest PCI values, of about 13 to 16, opposite
to the inland areas where the average PCI approaches values
up to 11. While a strong connection appears between the
MAP and PCI spatial distribution over the region, the CV
spatial distribution seems only partially affected by the latter
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Fig.6 Spatial distribution of mean annual precipitation (left panel), precipitation concentration index (middle panel), and precipitation coeffi-

cient of variation (right panel)

features. Indeed, larger CV values appear associated with
the largest MAP values and the largest PCI values and the
reverse, but the relationship among these variables is poor.
This condition is also illustrated in Fig. 7 where the red dots
represent the observation and a polynomial surface has been
fitted to them. The goodness-of-fit is quite poor (R? = 0.20)
but, again, larger CV values appear associated with large
MAP and PCI values.

The specific findings reported for the region under inves-
tigation appeared actually in contrast with the main results
illustrated by the relevant literature. Although some edge
effects may influence the spatial distribution of the observed
quantities due to the interpolation issues, the main motivation
is probably represented by a limitation of the case study that
presents, on the whole, some rather characteristics of climatic
homogeneity. A spatial extension of the rain gauge stations
database is foreseen to more in detail investigate these par-
ticular features.

5 Conclusions

In order to depict a general characterization of the long-
term climate variability for the Campania region, located
in the Mediterranean basin, an analysis of the precipita-
tion coefficient of variation CV, assumed as an index of
inter-annual climate variability, was performed over the
period 1918-2015 and compared with the results of a pre-
vious investigation about the annual precipitation regime
and the intra-annual precipitation variability of the same
region. Understanding the inter-annual precipitation vari-
ability from long-term historical precipitation variability

1800
1600
1400

1000
PCI(-) 12 600 MAP (mm)

Fig.7 Relationship between MAP, PCI, and CV for the studied
region

is necessary to plan mitigation strategies to face future
climate change impacts in specific regions. In particular,
quantification of the inter-annual precipitation variability
is essential for more realistic modeling of water resources
availability under climate change scenario, which in turn
results in a more effective quantification of socioeconom-
ics impact of planned complex water resources manage-
ment tools.

The results of the current study can be summarized as
in the following:

1. For what concerns the average CV characterization and
spatial pattern, the findings illustrated a generalized con-
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ditions of statistically significant (73% of total stations)
increase (72% of total stations) of inter-annual variabil-
ity almost over the whole analyzed area, where a very
moderate spatial consistency was however detected.

2. For what concerns the magnitude of the changes, the
results of the analysis reported about a rather moderate
intensity of the detected changes, with minimum and
maximum CV patterns slope, expressed as the percent-
age of annual increase or decrease in CV over the whole
observations recording, which amount respectively to
— 0.36% and 0.55%. Similar to the average CV charac-
terization, no strong spatial consistency was detected,
but rain gauge stations featured by the largest average
inter-annual variability seemed to be the less affected
by temporal changes.

3. The effect of the last 15 years of data, from 2000 to
2015, was only studied on a subset of stations because of
data availability and statistical homogeneity. The com-
parative analysis of the statistical tests results for the
period 1918-1999 and 1918-2015 showed, beyond the
same general tendency (significant positive trends for
the largest percentage of stations), that some quantitative
difference between the two observed periods exists but
that such difference appeared very moderate.

4. The relationship between average precipitation, intra-
annual precipitation variability, and inter-annual pre-
cipitation variability was not clearly identified for the
studied region, but it was found that larger CV values
appear associated with large MAP and large PCI values.

5. The main message that arises from the comparative
analysis of average precipitation, intra-annual precipita-
tion variability, and inter-annual precipitation variability
showed how, if the variations in the annual precipitation
regime and in the intra-annual precipitation variability
are poorly significant (respectively for 9% and 11% of
total station), changes in inter-annual precipitation vari-
ability are strongly marked over the studied region.

The current work has increased the knowledge about the
long-term climatological characterization of a specific area.
It furthermore has contributed to extending the body of lit-
erature relevant to the use of historical observation aimed at
the detection of changes in inter-annual variability within the
Mediterranean basin, known to be one the most responsive
region to climate changes. As a future perspective, an exten-
sion to a spatially wider database Longobardi et al. (2016) is
foreseen to overcome the climatic homogeneity issue which,
in the opinion of the authors, dampened the significance of
the link between CV, MAP, and PCI.
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