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In this study, monthly time series of precipitations and temperatures from 1024 controlled and homogeneousmeteorological stations
located in the Emilia-Romagna region (northern Italy) are processed in order to assess potential climate changes that occurred during
the period 1961–2015. Normal period as baseline between 1961 and 1990 (1990s) and recent period between 1991 and 2015 (2010s)
were adopted in this study to analyse the possible effect of climate change on water availability during long-term period. Based on
monthly and annual temperature (TT), precipitation (PP), and potential (ET0), the actual evapotranspiration (AET0) and water
availability (WA) were computed at high spatial resolution. Between the two analysed periods, during the 2010s, it was found an
increase in the maximum mean annual temperature by 1.08°C while the maximum mean annual precipitation saw a slight decrease
(from 2222mm to 2086mm). *e precipitation decrease is more intense in the South and West sectors of area (8%) and mainly
depends on negative changes taking place during the winter and the beginning of spring (from December to March). *e maximum
mean annual ET0 and AET0 reached values of 663mm and 565mm during the 1990s, while during the 2010s, the found values were
668mm and 572mm, respectively. Because of the decrease in precipitation and increase in the ET0 and AET0, the WA (the
proportion of precipitation that is available at the soil surface for subsequent infiltration and runoff processes) shows a reduction
(about 10–20%) in the whole region, with exception of the North-East part of the Emilia-Romagna region. *e decrease in the mean
annual water availability induces severe issues concerning thewater resourcesmanagement across the whole Emilia-Romagna region.

1. Introduction

Surface water and groundwater are precious resources that
are exploited worldwide for drinking, agricultural, in-
dustrial, and energetic purposes. Being directly recharged
by solid and liquid precipitations, both surface water and
groundwater are dependent on climate changes. *e latter
can cause variability in inter- and intra-annual discharges
of springs and rivers because of changes in the total amount
and pattern of rainfall and/or snowfall occurring in the
corresponding recharge areas and catchments. Moreover,
temperature controls the evapotranspiration processes
taking place at the soil surface; thus, an increase or a de-
crease in temperature leads to different precipitation

quotas that return to the atmosphere by means of plants
transpiration.

Water availability has been widely exploited worldwide
for evaluating the potential effect of climate changes on
surface water and groundwater at different time-periods
(Čenčur Curk et al., 2014; [1]. It represents the pro-
portion of precipitation that is available at the soil surface for
subsequent infiltration and runoff and can be easily calcu-
lated in a spatially distributed analysis starting from the
monthly precipitation and temperature datasets alone.

It is noteworthy that, for a selected time period, lower
precipitations or/and higher evapotranspiration than those
characterizing the reference period would lead to a deficit of
water availability. On the contrary, higher precipitation
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amounts and/or lower evapotranspiration would result in
a surplus of water availability.

*e aim of this paper is to assess the potential changes of
water availability in the Emilia-Romagna region (northern
Italy) that may have occurred during the period 1961–2015.

Here, several authors have highlighted a precipitation
reduction in the last century [1–3] that has mainly affected
the winter and spring seasons [4]. Although this decrement
was not uniform across the area, it has been found to be
more intense since the 1990s [2, 5, 6]. Moreover, and by
considering the period 1958–2000, Tomozeiu et al. [7]
demonstrated an increase in seasonal minimum and max-
imum temperatures, which was more marked in the summer
period. Antolini et al. [5] confirmed this trend also for mean
annual temperatures by evidencing increases up to
0.5°C/decade for the period 1961–2010.

*ese conditions acted on an area where the water
management is very complex. Although the mountainous
sector of the region is characterized by the highest values of
precipitation, the wide outcropping of poorly permeable
rock units promotes runoff instead of infiltration [8, 9]. *is
means that relatively superficial and short groundwater
circuits feed the majority of the springs and rivers, and the
corresponding discharges closely follow meteoric water
recharge patterns [10, 11].*us, in case of prolonged periods
with no precipitation, river and spring flow rates may reach
an almost nil value within a few months.

*e hydrological behaviour of rivers strongly controls
water management in the lowlands areas as well. Here, river
diversions provide water for intensive agricultural activities,
while the water needs of hundreds of thousands of people
and industrial activities are satisfied by wells [12]. *ese
exploit the porous aquifers of the alluvial plain of the river
Po, which are in turn fed by the runoff dispersion from the
stream beds [12–14]. As evidenced in [15], the reduction in
runoff into the river network induces negative changes to the
recharge of these porous aquifers; the latter can be therefore
affected by reduction in water availability in the moun-
tainous areas [16].

As a consequence, the Emilia-Romagna region experi-
enced has several droughts that have caused serious water
management issues, as in the case of 2003, 2006/2007, and
2017 [16], when water for human consumption was rationed
and wells incremented their flow rates to satisfy the agri-
cultural water demand.

In this work, we have started with a dataset consisting of
monthly values of precipitation and minimum and maxi-
mum temperatures obtained from controlled and homo-
geneous 1024 weather stations that are 5 × 5 km distributed
across the territory. *e dataset is split into reference period
1961–1990 and recent period 1991–2015. Furthermore,
monthly and annual ET0, annual AET0, and annual WA
were computed on raster grid data at high spatial resolution.
Relative changes of these metrics between the two analysed
periods were evaluated.

*e results represent a starting point for the further
adaptation measures that should be pursued by stakeholders
in charge of water management to reduce the effects of
droughts.

2. Study Area

*e Emilia-Romagna region extends from 43°44′ to 45°08′
latitude north and from 9°11′ to 12°45′ longitude east. El-
evations range from more than 2000m a.s.l. at the southern
boundary to approximately 0m a.s.l. (Po River), decreasing
toward the northeast. *e mean annual precipitation ex-
ceeds 2000mm/year in the northern Apennines and de-
creases below 750mm/year in the Po River plain [17] (data
from 1961 to 2015). Precipitation distribution during the
year is characterized by a marked minimum in the summer
season and twomaximum peaks, with themain one falling in
autumn and the secondary one in spring. Cumulative annual
snow cover is extremely variable from year to year, but in the
uppermost part of region, it can reach 2–3m in winter [18].
ET0 is concentrated in the summer season and closely
follows the topography ranging from a few tens of mm per
year up to 600–650mm/year in the lowlands. As anticipated
in the Introduction section, flow rate response of rivers and
springs to precipitation events is rapid (few hours) because
of the lithological characteristics of the northern Apennines,
in which clayey materials widely outcrop [10, 11]. Low flows
reflect the minimum peak of precipitation occurring in
summer and in the beginning of autumn (August, Sep-
tember, and October) when also evapotranspiration and
water demand for agricultural purposes are the highest. It is
worth noting that agriculture is intensively practiced in the
Po Plain and consists of a number of water-demanding crops
such as fruit trees (pear trees, cherry trees, peach trees, and
vineyards), wheat, beetroots, corns, tomatoes, rice, and
forages. As touched upon in Section 1, water demand for
agricultural activities is supplied by both river diversions and
groundwater pumping. In addition, the lowland area is also
densely populated and is the site of many ceramic, food, and
engineering industries; water demand for industrial and
drinking purposes is here ensured by groundwater pumping.
Finally, it should be noted that the mountainous sector is
sparsely populated while the total number of inhabitants has
been declining steadily since the 1990s along with the
percentage of cultivated areas. Here, water supply depends
on spring flow rates and may encounter problems during the
summer season, when people staying in their holiday homes
double the residential population [8].

3. Materials and Methods

Monthly data of maximum and minimum air temperatures
and precipitation from 1024 controlled and homogeneous
meteorological stations from the Emilia-Romagna region
[19] (Supplementary material 2) were used to assess the
climate change effect on water availability at spatial scale
over 1961–2015. *ese data are available at high spatial
resolution (5 km2) and are suitable for climatic studies,
including both the computation of climatic indices based on
daily values and analyses in which averaged values over
a sufficiently large time scale are needed. In fact, they derived
from the observed measurements of several stations, which
were processed by Antolini et al. [5] to verify their temporal
homogeneity and synchronicity, consistency, and spatial
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control. More details about the statistical procedures
adopted can be found in [5].

As proposed by Dall’Amico and Hornsteiner [20], the
time series of mean monthly air temperatures is calculated
from the monthly averages between the corresponding
maximum and minimum temperature values.

*e final dataset is divided into two average periods of
1961–1990 thereafter defined as 1990s and 1991–2015 re-
spective 2010s.*is selection is widely used nowadays for the
baseline period (1990s) and next two decades are analysed as
more close to present or recent period [21–23].

Annual ET0, AET0, and WA were calculated in ArcGIS
using raster grid data. Finally, spatial distribution of each
parameter (namely, precipitation, temperature, ET0, AET0,
and WA) is computed in ESRI GIS environment for both
time-periods.

3.1. Potential Evapotranspiration (ET0). *e potential
evapotranspiration ET0 is defined as the amount of water that
would be removed from the soil by evaporation and tran-
spiration if sufficient water were available. *ere are several
formulas in the literature for calculating this parameter, and
the most complex ones (such as, those based on the Penman
approach; see [24]) require a large amount of data. In this
study, we calculate the annual Potential Evapotranspiration
(ET0) for each weather station by using the well-known
method [25]. *is approach is based on the monthly tem-
perature data and is very reliable in climate and hydrological
studies at a spatial scale [26–28]. *e formula is expressed as
follows:

ET0 � bi16
10Ti

I
 

α
, (1)

where ET0 is the monthly potential evapotranspiration (mm);
Ti is the average monthly temperature (°C), and it is worth
noting that in case of mean monthly temperature <0, ET0 is
set equal to 0; I is the heat index; α is a function of the heat
index; and bi is the latitude factor related to sunshine (Table 1).

*e heat index I is obtained as

I � 
12

i�1

Ti

5
 

1.514
. (2)

*e parameter α is given by

α � 6.75 × 10−7I3 − 7.71 × 10−5I2 + 1.7912 × 10−2I

+ 0.49239.
(3)

3.2.Actual Evapotranspiration (AET0). Unlike ET0, AET0 is
the quantity of water that is actually removed from the soil
due to the processes of evaporation and transpiration. Being
dependent on the soil moisture supply, AET0 is generally
lower than ET0 as seldom the soil presents full and constant
saturation.

In this work, we calculate the annual AET0 by following
the approach proposed by Budyko [29].*is has been widely
applied at regional scale to determine the final water balance

of the soil by indicating whether the heat energy is sufficient
to induce evaporation [30].

*e method consists of two steps. Firstly, the aridity
index φ is calculated as the ratio between ET0 and pre-
cipitation PP with a long-term period dataset:

φ �
ET0
PP

. (4)

Secondly, the annual AET0 can be obtained as a pro-
portion of the annual precipitation as

AET0
PP

� φtan
1
φ

  1− exp−φ(  

0.5

, (5)

where AET0 is the actual land cover evapotranspiration
(mm) and PP is the total annual precipitation (mm).

3.3. Water Availability (WA). As anticipated in the In-
troduction section, the WA represents the precipitation
quota that is available at the soil surface for subsequent
infiltration and runoff after evaporation and transpiration
processes. It has been used in several studies involving es-
timates of the potential effect of climate change (Čenčur
Curk et al., 2014; [22, 28]. For each period time-series, the
mean annual WA is obtained as follows:

WA(mm) � annual precipitation(mm)

− annual AET0(mm).
(6)

3.4. Areal Mapping of the Climate Indices. *e mean annual
values of the parameters PP, TT, and ET0 from the period
time-series are spatially mapped by means of the ESRI-
ArcGIS (version 10.5). In detail, the spatial distributions of
the parameters TT, PP, ET0, and AET0 are obtained using the
Kriging Ordinary method from geostatistical analyst in-
cluding the digital elevation model at 1 km2 spatial resolution.
*rough this method, the accuracy of the climate variables
interpolation is better rather than simply spatial analysis
interpolation. It consists in a statistical approach in which
observed values are interpolated following both a weighted
average of the neighbouring points and their overall spatial
arrangement to estimate the value of an unobserved point
[31]. *e results are reported on a regular grid with a cell size
of km2. *e calculations of monthly and annual ET0, annual
AET0, and WA were computed on a gridded layer using the
“Raster Calculator” function in ArcGIS environment.

3.5. Mann-Kendall Test. *e homogeneous and controlled
daily data of precipitation and temperature (maximum and
minimum values) for a subset of 6 meteorological stations
are further analysed at the annual scale to better understand
the temporal evolution of climate change and its statistical
significance. Cumulative annual values of precipitations and
mean annual minimum and maximum temperatures are
processed for the 6 stations homogeneously distributed over
the study area (i.e., Conselice Nord, Reggio Emilia, Vigoleno
Verghereto, Bedonia, Abetone; see red dots in Figure 1).
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*eMann-Kendall test [32] is then applied to evaluate the
statistical significance of the different trends. *is method is
a nonparametric test that has been widely used in hydrology
as it allows us to find the time-series data values [33, 34].*e S
statistic value 0 of theMann-Kendall test indicates no trend in
the series. In the time series, the data values are evaluated, and
if the more recent data are higher that oldest ones, the S value
is incremented indicating a positive trend. On the contrary, if
the recent data value is lower than that at the beginning of the
series, the S values will decrease.

*e Mann-Kendall statistic (S) is given by

S � 
n−1

k�1


n

j�k+1
sign xj −xk , (7)

where sign(xj −xk) � 1 if xj − xk > 0, sign(xj −xk) � 0 if
xj −xk � 0, and sign(xj −xk) � −1 if xj −xk < 0.

As anticipated above, the higher positive values of S

suggest an increasing trend, while the lower negative values
of S indicate a decreasing trend. Nil value of S indicates that
no trend is statistically significant in the series.

4. Results

4.1. Spatial Data Analysis of TT and PP Metrics. Mean
monthly and annual TT and annual PP metrics were ana-
lysed at the spatial scale over the Emilia-Romagna region
during 1961–2015. Figures 2(a) and 2(b) indicate the spatial
variation of the mean annual TT for the 1990s and 2010s

Table 1: Sunshine parameter (expressed in units of 30 days of 12 hours).

Latitude
Month

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
bi (43°N) 0.81 0.82 1.02 1.12 1.26 1.28 1.29 1.20 1.04 0.95 0.81 0.77
bi (44°N) 0.81 0.82 1.02 1.13 1.27 1.29 1.30 1.20 1.04 0.95 0.80 0.76
Source: [25].
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Figure 1: Physical map of the Emilia-Romagna region and distribution weather stations. Red dots represent the stations analysed in detail
(e.g., annual trend). Background image source: Esri, Garmin, GEBCO, NOAA NGDC, and other contributors.
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periods. In both cases, TT is related directly to the relief
altitudes and ranges between 5.4°C and 14°C (1990s) and
from 6.4°C to 15.1°C (2010s). An increase of the mean annual
TT is detected in the overall region (Figure 2(c)). *e in-
crement is more intense in the northern, southern, and
central parts of the area (Po Plain; increases up to 1.6°C) and
in the south-eastern sector (around 1.0°C). As correctly
pointed out by Antolini et al. [5], the presence of isolated
structures such as that located in the central part of the
region (Figure 2(c)) is linked to an intense urbanization that
lasted over the period 2010s. In this case, a quota of the
increase of the mean annual temperature between the two
selected periods is due to land use change rather than climate
change.

Monthly analysis indicates also the increase of TTvalues,
especially in the summer period. *us, the months of June,
July, and August represent the warmest and driest months
during the year, when the mean monthly TT values exceed
20°C (Supplementary material 3). Shifted over south part of
the higher values of monthly TTwas observed at spatial scale
during the 2010s (Supplementary material 4).

Figures 5(a) and 5(b) describe the spatial distribution of
mean annual PP. *e latter closely reflects the topography.
*e normal period (1990s) shows values that vary from
583mm to 2222mm, while during the recent decades (2010s),
the PP indicates values between 617mm and 2086mm.

Unlike TT, marked discrepancies are noticed in the
mountainous sector of the area; by moving on to the period
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Figure 2: Spatial distribution of mean annual TT. (a) *e average of mean annual air TT between 1961 and 1990. (b) *e average of mean
annual air TT between 1991 and 2015. (c)*e relative changes in mean annual TTas a difference between the two time-periods. Background
image source: Esri, Garmin, GEBCO, NOAA NGDC, and other contributors.
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2010s, decrements up to 10% are evidenced in the south-
western border of the area (Figure 3(c)). On the contrary,
positive changes occur in the eastern and northeastern parts
of the region, with maximum increase of mean annual PP by
16%.

4.2. Spatial Analysis of ET0, AET0, and WA. Spatial distri-
butions of mean annual ET0s are reported in Figure 4. In the
period 1990s, the annual ET0 ranges between 532mm and
663mm (Figure 4(a)). *e period 2010s shows a slight in-
crease in ET0, which varies from 542mm to 668mm
(Figure 4(b)). In both periods, ET0 closely follows the mean
annual TTdistribution. *e relative change between the two

periods shows an overall increment of the annual ET0 that is
mainly concentrated in the southern part of the region by
about 5% (Figure 4(c)). *e monthly ET0 indicates values
over 120mm during July in both periods, while the lower
values were depicted during winter months (Supplementary
material 5 and 6).

Spatial distributions of mean annual AET0 are reported
in Figures 5(a) and 5(b). AET0 vary from 428mm to 565mm
(1990s) and from 444mm to 572mm (2010s). *e higher
values (equivalent to about 500mm) characterize the
southern, south-eastern, and western sectors of the region.
*e mountain sector of the Emilia-Romagna region expe-
riences an overall increase in AET0, which is in the order of
6% (Figure 5(c)).
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Figure 3: Spatial distribution of mean annual PP. (a) *e average of mean annual PP between 1961 and 1990. (b) *e average of mean
annual PP between 1991 and 2015. (c) *e relative changes in mean annual PP as a difference between the two time-periods. Background
image source: Esri, Garmin, GEBCO, NOAA NGDC, and other contributors.
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Figures 6(a) and 6(b) illustrate the spatial distribution of
WA. A decrease in the value of WA is evidenced in the major
part of the Emilia-Romagna region, with exception of the
northeastern part. �e WA varied during the 1990s from
155mm to 1514mm, while during the 2010s, the WA varied
from 173mm to 1542mm. Also the western sector of the
region is remarkably a�ected by changes of WA, with a re-
duction by 15% (hilly areas) and 20% (Po plain). Increases in
this parameter only involve the Po delta and are about 20%.

4.3. Annual Trends of ClimateVariables:Maximum/Minimum
TTandPP. By considering the annual trends of minimum
and maximum TT, a general increase in temperature
along the Emilia-Romagna region is further con�rmed

(see Figures 7 and 8 and Tables 2 and 3). �e trend in-
dicates increases by +0.49°C/decade of minimum TT and
by +0.69°C/decade of maximum TT at Reggio Emilia
station. �e trend of annual minimum temperature of
Bedonia, Conselice Nord, and Vigoleno is not statistically
signi�cant as p value exceeds the threshold (Tables 2
and 3).

�e trends of annual PP for the 6 meteorological sta-
tions indicate a slight increase over 1961–2015 for Ver-
ghereto and Abetone stations (Figures 9(a) and 9(f )). On
the contrary, Bedonia, Reggio Emilia, Vigoleno, and
Conselice Nord show negative trends (Figures 9(b)–9(e)).
By considering the Kendall-Mann test (Table 4), the only
trend of Bedonia station (about −175mm) is close to
signi�cant (p value 0.1).
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Figure 4: Spatial distribution of mean annual ET0. (a) �e average of mean annual ET0 between 1961 and 1990. (b) �e average of mean
annual ET0 between 1991 and 2015. (c) �e relative changes in mean annual ET0 as a di�erence between the two time-periods. Background
image source: Esri, Garmin, GEBCO, NOAA NGDC, and other contributors.
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5. Discussion

�e results highlight a temperature increase across the whole
area that does not induce a remarkable increment in the
average yearly actual evapotranspiration AET0 by passing
from the 1990s (1961–1990) to the 2010s (1991–2015). On the
contrary, a consistent reduction in water availability is
observed at spatial scale for most part pf the territory. �is
reduction is more intense in the central, southern, and
western sectors of the Emilia-Romagna region and is related
to a consistent precipitation decrease that occurred along the
main watershed divide of the northern Apennines. �e
decrease is unevenly distributed during the year and takes
place mainly in winter and in the beginning of spring
seasons (from December to March). �is behaviour (i.e., a
marked reduction in water availability induced by a decrease

in precipitations in winter and spring) involves also the
lowlands located in the western part of the region.

�ese results lead to a number of implications regarding
the water management in the Emilia-Romagna. Firstly, we
anticipated in the Introduction and Study Area sections that
water management of the whole Emilia-Romagna is strongly
linked to the average yearly annual precipitation occurring
in the Apennines. Here, the water supply for human pur-
poses is ensured by hundreds of low-yield springs whose
¢ow rates depend strictly on the inter- and intra-annual
precipitation recharge pattern. �is means that a reduction
in mean annual precipitation and changes in their distri-
bution are not mitigated by these shallow aquifers. At the
same time, a reduction in precipitations is also re¢ected on
the river ¢ow rates, which have been constantly decreasing
in the last decades [35].�is fact leads to further problems in
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Figure 5: Spatial distribution of mean annual AET0. (a)�e average of mean annual AET0 between 1961 and 1990. (b)�e average of mean
annual AET0 between 1991 and 2015. (c) �e relative changes in mean annual AET0 as a di�erence between the two time-periods.
Background image source: Esri, Garmin, GEBCO, NOAA NGDC, and other contributors.
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the management of the river diversions in the lowlands and
has caused a reduction in agricultural activities with sig-
ni�cant economic losses starting from 2000 [36]. To avoid
the zeroing of several cultivations and to ensure water
provision for farms, an increment in groundwater pumping
from the aquifers of the Po Plain has been necessary. It is
worth noting that these aquifers are already displaying clear
signs of water de�ciency due to severe overexploitation
[12, 13, 37]. Being fed by water losses from the stream beds,
changes in the mean monthly water availability over the
mountainous catchment areas further impacts these porous
aquifers. In particular, the decrease in river discharges de-
tected in the last decades in the Emilia-Romagna region has
caused a de�cit in recharging of the aforementioned aquifers

as a consequence of reduced water losses through the stream
beds [15].

A number of actions are under consideration in order to
reduce the uncertainties in water supply during the summer
and autumn seasons. In the mountainous sector of the re-
gion, stakeholders in charge of water management are going
to increase the size of water tanks. Especially during the low-
¢ow period, this will ensure that the water needs are ensured.
At the foothills of the Apennines, the construction of arti�cial
reservoirs is a resource as they will permit further water storage
during the winter and spring months. �is water will be re-
leased through the river diversions to feed the agricultural
activities allowing for a reduction in the withdrawals from the
porous aquifer.
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Figure 6: Spatial distribution of mean annual WA. (a) �e average of mean annual WA between 1961 and 1990. (b) �e average of mean
annual WA between 1991 and 2015. (c) �e relative changes in mean annual WA as a di�erence between the two time-periods. Background
image source: Esri, Garmin, GEBCO, NOAA NGDC, and other contributors.
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In addition, stakeholders and local administra-
tion are currently investing resources to estimate the
effectiveness of aquifer recharge by means of the nu-
merous existing quarries located near rivers [38]. Here,

channels connect the rivers with quarry lakes. *e initial
results seem to be promising as this approach allows
for remarkable quotas of runoff to be conveyed to the
groundwater.
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Figure 7: Temporal variation and trend line of annual maximum TTfor six meteorological stations during the period 1961–2015. (a) Verghereto,
(b) Reggio Emilia, (c) Bedonia, (d) Vigoleno, (e) Conselice, and (f) Abetone. For the locations of the weather stations, refer to Figure 1.
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Figure 8: Temporal variation and trend line of annual minimum TTfor six meteorological stations during the period 1961–2015. (a) Verghereto,
(b) Reggio Emilia, (c) Bedonia, (d) Vigoleno, (e) Conselice, and (f) Abetone. For the locations of the weather stations, refer to Figure 1.
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Figure 9: Temporal variation and trend line of annual PP for six meteorological stations during the period 1961–2015. (a) Verghereto, (b) Reggio
Emilia, (c) Bedonia, (d) Vigoleno, (e) Conselice, and (f) Abetone. For the locations of the weather stations, refer to Figure 1.

Table 4: *e Mann-Kendall trend test statistic applied for annual precipitation observations.

Test/Station Verghereto Bedonia Conselice Nord Reggio Emilia Vigoleno Abetone
Kendall’s tau 0.02 −0.15 −0.11 −0.10 −0.12 0.04
S 33.00 −225.00 −167.00 −153.00 −181.00 61.00
Var(S) 18975.00 18975.00 18975.00 18975.00 18975.00 18975.00
p value (two-tailed) 0.82 0.10 0.23 0.27 0.19 0.66
Alpha 0.05 0.05 0.05 0.05 0.05 0.05

Table 3: *e Mann-Kendall trend test statistic applied for annual minimum temperature observations.

Test/Station Verghereto Bedonia Conselice Nord Reggio Emilia Vigoleno Abetone
Kendall’s tau 0.33 0.19 0.24 0.44 0.22 0.27
S 489.00 277.00 359.00 649.00 323.00 403.00
Var(S) 18975.00 18975.00 18975.00 18975.00 18975.00 18975.00
p value (two-tailed) 0.00 0.05 0.01 <0.0001 0.02 0.00
Alpha 0.05 0.05 0.05 0.05 0.05 0.05

Table 2: *e Mann-Kendall trend test statistic applied for annual maximum temperature observations.

Test/Station Verghereto Bedonia Conselice Nord Reggio Emilia Vigoleno Abetone
Kendall’s tau 0.45 0.61 0.61 0.51 0.49 0.46
S 663.00 911.00 899.00 751.00 723.00 687.00
Var(S) 18975.00 18975.00 18975.00 18975.00 18975.00 18975.00
p value (two-tailed) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Alpha 0.05 0.05 0.05 0.05 0.05 0.05
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6. Conclusions

*e spatial distribution of water availability in the Emilia-
Romagna region is analysed over two time-periods
(i.e., 1961–1990 and 1991–2015). *e climate dataset from
1024 homogeneous and controlled weather stations uni-
formly distributed over the territory allows ET0 and AET0 to
be computed.*eMann-Kendall test is applied for the trend
analysis of annual maximum/minimum temperature and
precipitation recorded at 6 stations. *e trend analysis in-
dicates an increment in the maximum and minimum
temperatures for the period 1961–2015. On the contrary, the
rainfall trends show a decrement. With exception of Bed-
onia, decrement of annul precipitation over same period is
not statistically significant. If we exclude the Po delta, es-
timates indicate an overall decrease in water availability in
the whole region, a territory that is well known for its
sensitivity to climate variation. *is reduction is more
marked along the main watershed divide of the Apennines
and reflects a consistent decrease in precipitations, which
mainly occurs in the winter and spring months. As a con-
sequence, water management has become complicated in the
last decades with more frequent drought periods and an
increasing number in problems regarding the water supply
for drinking and agricultural purposes.

We believe that our results could be of use for the
stakeholders in charge of water management to mitigate the
effect of climate change.
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