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Abstract

Climate change is expected to have an impact on temperature variability and lead to a substantial increase in temperature
values. This is particularly important in some areas, such as the Mediterranean region that has been identified as one of the
most responsive regions to climate change. In this paper, the temporal tendencies of seasonal and annual temperature data
were analysed in the Sardinia Island (Italy) by applying two non-parametric tests for trend detection to 48 temperature series
in a 30-year period (1982-2011). As a result, an opposite trend behaviour between maximum and minimum temperatures
has been detected. As regards the maximum seasonal temperature data, a marked positive trend has been detected in all the
seasons, with the exception of winter, and especially in spring with about 58% of the station showing increasing values.
Conversely, a predominant negative trend characterized the minimum seasonal temperature data, especially in autumn when
50% of the series showed this tendency. The results of this study can increase the knowledge and the ability of policymakers

to make strategic decisions.
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Introduction

Climate change and environmental degradation are among
the greatest rapidly emerging and most threatening chal-
lenges facing humanity (Pellicone et al. 2019; Djaman
et al. 2020). Greenhouse-gas emissions and overexploita-
tion of natural resources are at the root of the problem and
are causing a rise in global temperatures (King et al. 2015).
Climate change involves not only increasing temperatures
but also extreme weather events including sea-level rise,
increased frequency of droughts, floods, shifting wildlife
populations and habitats, and other destructive events, such
as destructive bushfires forever altering the landscape (Pel-
licone et al. 2018), the reduction of forest areas, flora and
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fauna (Buttafuoco et al. 2016; 2018; Ricca and Guagliardi
2015), and pollution (Buttafuoco et al. 2017; Guagliardi
et al. 2016).

The planet’s climate has constantly been changing over
geological time, with significant fluctuations in global aver-
age temperatures. Over the past 4.5 billion years, it has
shifted constantly due to volcanic emissions, tectonic plate
movements, changes in solar radiation, and several other
factors. Yet since the last ice age, the earth’s climate has
been relatively stable, with global temperatures varying by
less than 1 °C over a century in the last 10,000 years. Yet,
there is growing evidence that over the last 100 years human
activities have started to play a major role in rising tempera-
ture levels, with alarming acceleration over the last 20 years
(Schmidt and Hertzberg 2011).

The effects of climate change are already being felt, but
they will get worse. Global warming has reached approxi-
mately 1 °C above pre-industrial levels. Every half-degree
(or even less) of global warming counts. The urgent need
to address climate change has become even clearer with
the release of a major report in October 2018 (IPCC 2018)
by the world’s leading scientific body for climate change
assessment, the Intergovernmental Panel on Climate Change
(IPCC). The IPCC warns that, in order to avoid catastrophic
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global warming, we must not reach 1.5 °C above pre-indus-
trial levels - or at a very minimum not exceed that. The
report evidences the massive differences between the 1.5
and 2 °C scenarios. Particularly, risks from droughts and
precipitation deficits are projected to be higher at 2 °C com-
pared to 1.5 °C of global warming in some regions, such as
risks from heavy precipitation events. Additionally, on land,
impacts on biodiversity and ecosystems, including species
loss and extinction, are projected to be lower at 1.5 °C of
global warming compared to 2 °C. Limiting global warming
to 1.5 °C compared to 2 °C is projected to reduce increases
in ocean temperature as well as associated increases in ocean
acidity and decreases in ocean oxygen levels. Consequently,
limiting global warming to 1.5 °C is projected to reduce
risks to marine biodiversity, fisheries, and ecosystems, and
their functions and services to humans.

For all these reasons, worldwide interest in global warm-
ing and climate change has led to numerous trend detection
studies by the scientific community (Al Buhairi 2010). In
Eastern China over the past century, Zhao et al. (2014) have
verified an average air temperature increase of 1.52 °C. Also
in China, precisely over the Beijing-Tianjin-Hebei region, as
stated by Men et al. (2020), air temperature had significantly
increased during the 1960-2013 period, and a temperature
and precipitation strong correlation in change occurred. In
Sweden, during the 1959-2008 period, the seasonal air tem-
perature has increased by 0.30-0.62 °C/decade in summer
and 0.02-0.38 C°/decade in autumn (Ceppi et al. 2012). In
the study by Nawaz et al. (2019), an important warming
trend in annual minimum temperature and mean temperature
in Pakistan emerges contextually to a significant variation
in maximum temperature. Globally, for the USA, except for
Pennsylvania and Maine, a growing trend in air temperature
was reported (Martinez et al. 2012). Pieces of evidence of
increasing warming and wetting over northern Canada was
reported by Singh et al. (2020). Studies carried out by Dja-
man et al. (2016) in the Senegal River valley describe a sig-
nificant increase in average annual maximum and minimum
air temperature.

Some studies have been carried out in the Mediterranean
basin, a region possibly more susceptible to climate change
since, geographically, it lies in a transition area between the
hot, dry climate of Africa and the cold, humid air masses
arriving from northern Europe (Goubanova and Li 2007;
Vicente-Serrano et al. 2014). For example, a seasonal and
annual trend analysis has been performed by Giorgi (2002)
in a large part of the Mediterranean basin for the past cen-
tury. Results of this analysis evidenced statistically signifi-
cant warming trends over the most part of the study area at
the annual scale, and partially in winter and summer. Simi-
larly, Jacobeit (2000) detected a significant increase in sum-
mer temperature over the entire Mediterranean for the period
1969-1998. As part of the Mediterranean basin, also in Italy,
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several authors detected a general increase in temperatures
over the last decades (Brunetti et al. 2006; Caloiero et al.
2015, 2017).

A first study in the Sardinia region (Italy), an island located
in the western Mediterranean Sea, was carried out by Caloiero
and Guagliardi (2020). They applied the Mann—Kendall test to
detect possible trends in extreme temperature indices recom-
mended by the Expert Team on Climate Change Detection
and Indices (ETCCDI). Differently from the study of Caloiero
and Guagliardi (2020), in this study two non-parametric trends
(Mann—Kendall and Theil-Sen estimator) were applied to eval-
uate trend magnitude and significance of monthly, seasonal
and annual temperatures by considering 48 series in a 30-year
period (1982-2011). The seasons were defined according to
the standard meteorological seasons: winter, spring, summer,
and autumn.

The objectives of this study are (i) to investigate the change
in monthly and annual temperatures from 1982 to 2011 across
the Sardinia region (Italy); (ii) to define a detailed climatic
overview and estimate potential variations at a local scale;
(iii) to help crop producers, environmental engineers, crop
consultants, hydrologists and other water use entities in water
resources planning, since policy responses to climate change
should be based on scientific evidence.

Methodology

The Theil-Sen estimator (TSE) is generally considered more
powerful than linear regression methods for trend magnitude
evaluation because it is not subject to the influence of extreme
values (Sen 1968). Given x;, x, ..., x,, temperature observa-
tions at times ¢, f,,..., ¢, (with #; <¢, < ... <t,), foreach N
pairs of observations x; and x; taken at times 7; and #;, the gradi-
ent O, can be calculated as follows:

for k=1, .., N 1)

with 1 <i<j<nand#;>1,.

The estimate of the trend in the data series x;, x, ..., x, can
then be calculated as the median Q,,,, of the N values of Q,,
ranked from the smallest to the largest:

Q[(N+1)/2] if N is odd

Qmed = (2)
Owv/2) + Qriv+2)/2]

if N is even
5 \Y

The Q,,.; sign reveals the trend behaviour, while its value
indicates the magnitude of the trend.
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As regards the Mann—Kendall (MK) test (Mann 1945;
Kendall 1962), in order to evaluate the trend significance, the
statistic S based on rank sums is calculated as follows:

lif(xj—x,-) >0
0if (x—x) =0 (3)
—1lif (x;—x;) <0

n—1 n

§=2, 2 sen(x-x)

i=1 j=i+1

where sgn (x; — x;) =

in which x; and x; are the observations x; and x; taken at
times j and i (with j > i), respectively, and n is the dimension
of the series.

Under the null hypothesis H,, the distribution of S is sym-
metrical and is normal in the limit as n becomes large, with
zero mean and variance:

Var(S) = n(n—l)(2n+5)—21i (ti—l)(Zti+5)]/18
i=1
“4)

in which ¢, indicates the number of ties with extending i.
Given the variance of S, it is possible to evaluate the
standardized statistic Z,;, as follows:

S—1
\/Va—T(S) for $>0
Zyk = 0 for §=0 (®)]
S+1
NS for § <0

By applying a two-tailed test, for a specified significance
level a, the significance of the trend can be evaluated. In
particular, in this work, the temperature series have been
examined for a significance level (SL) equal to 95%.

The trend analyses have been performed using the Excel
data analysis add-on XLSTAT version 2021.3.1. The spatial
layout was created using Esri ArcGIS 9.3.1.

Study area and data

Due to its position, in the centre of the western Mediter-
ranean basin, and to its climatic characteristics, Sardinia
is considered a highly susceptible area to climate change,
where even a small temperature increase could lead to
various environmental problems. The Sardinia region is an
island located between 38° 51" to 41°15" N and between 8°
8" and 9° 50' E with an area of 24,090 km?, and thus, it is
the second-largest island in the Mediterranean basin (Mon-
taldo and Sarigu 2017). The region presents a north—south
oriented long shape and, although it is mainly characterized
by plains especially in the north-western and in the southern
areas, it also presents mountains reaching an average and a
maximum altitude of 337 m a.s.l. and 1,834 m a.s.1., respec-
tively (Fig. 1). The Kdppen-Geiger classification (Koppen

1936) identifies the climate of the region as a hot-summer
Mediterranean climate, therefore with relatively mild win-
ters (with rain) and very hot summers (often very dry). With
the coldest month generally averaging above O °C in this
climate, at least 1 month’s average temperature reaches val-
ues higher than 22 °C, and at least four months averaging
above 10 °C.

The Sardinia Region provides a free online database
containing rainfall and temperature high-quality daily
data. Thus, in the present study, complete or near-complete
records of daily temperature data have been downloaded
from the website of the Sardinia Region (http://www.regio
ne.sardegna.it). For its quality, this database has been largely
used in past climatological studies performed on the region
(Caloiero et al. 2019a, b; Caloiero and Veltri 2019). In
particular, in this paper, in order to analyse the spatial and
temporal variability of temperature in the Sardinia region,
48 monthly temperature series ranging from 1982 to 2011
with an average density of 1 station per 490 km” have been
considered (Fig. 1 and Table 1).

Results and discussion

In this section, results of the trend analysis performed at
annual and seasonal scales are presented. In particular, as
regards the seasonal analysis, in this paper, meteorologi-
cal/climatological seasons have been considered; and thus,
December, January, and February have been identified as
winter; March, April, and May as spring; June, July, and
August as summer and September, October, and November
as autumn.

In Fig. 2, the characterization of the annual and seasonal
maximum and minimum temperatures series related to all
the 48 stations has been shown through boxplots. The top
and the bottom of the boxes are the third and the second
quartiles, respectively. The band inside the box is the median
and the ends of the whiskers represent the minimum and
maximum of all of the data. Due to the Mediterranean cli-
mate, the highest values of both the variables fall within the
summer period, while the lowest ones have been identified in
winter. Both the maximum and the minimum temperatures
did not show a great spread between the values.

Results of the application of the non-parametric tests
(SL=95%) on temperature data allowed to identify a dif-
ferent trend behaviour between maximum and minimum
temperatures in the Sardinia region. In fact, at the annual
scale, 37.5% and 16.7% of the stations showed a positive and
a negative trend, respectively, for the maximum tempera-
ture. On the contrary, as regards the minimum temperature,
these percentages resulted in exactly the opposite, with a
negative trend identified in 37.5% of the stations and a posi-
tive trend detected in 16.7% of them (Fig. 3). The spatial
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Fig. 1 Localization of the selected stations on a Digital Elevation Model (DEM) of the Sardinia region

distribution of these results did not evidence a clear spatial
behaviour with the exception of the south-western side of
the region which showed positive/negative trend values for
the maximum/minimum temperatures, with highest mag-
nitudes between 1 and 1.5 °C/10 years and between — 1
and — 0.5 °C/10 years (Fig. 4).

At the seasonal scale, the maximum temperature showed
a marked temperature increase in spring and summer, when
58.3% and 43.8% of the stations showed positive values,
respectively (Fig. 3). By contrast, in these seasons only 4.2%
(spring) and 12.5% (summer) of the stations showed nega-
tive values. In autumn, the percentage of stations presenting
positive (27.1%) or negative (20.8%) trend is quite simi-
lar. Finally, in winter, an opposite trend behaviour has been

@ Springer

detected with 14.6% and 22.9% of the stations showing a
positive and a negative trend, respectively.

As regards the spatial distribution of the trend results of
the maximum temperature (Fig. 5) in winter, the north-east-
ern side of the region seems to be interested by negative trend
values, reaching magnitudes also less than —2 °C/10 years.
In spring, the positive trend is distributed across the region
with a maximum increase between 1.5 and 2 °C/10 years.
Similarly, in summer, the spatial distribution of the trend
results evidenced a spreading positive trend, but with some
negative values detected in the inland areas near the moun-
tain areas of the region. Finally, in autumn, the spatial dis-
tribution of the trend results did not evidence a clear spatial
behaviour with the exception of the south-western side of
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Table 1 Selected stations in the

- - 1D Station name Longitude Latitude ID Station name Longitude Latitude
Sardinia region

20 Iglesias 8.539 39.310 1490 Muzzone 9.026 40.792
80 Villacidro 8.742 39.463 1510 Monti 9.326 40.805
120 Colonia Penale 9.145 39.810 1530  Zuighe 9.367 40.757
150  Mandas 9.131 39.661 1535  Ala' dei Sardi 9.329 40.651
260  Decimo vivaio 8.971 39.299 1560  Ozieri 9.004 40.584
290  Is Cannoneris 8.853 39.035 1580 S.L.diBonorva 8.842 40.423
300  Piscinamanna 8.919 38.992 1770  Tempio 9.104 40.903
440  S.G. Suergiu—Nuxis  8.558 39.069 1890 Olbia 9.508 40.924
510  Fluminimaggiore 8.499 39.437 1980 Budoni 9.698 40.710
530  Gonnosfanadiga 8.662 39.493 1990  Suaredda 9.657 40.783
580  Ales 8.821 39.765 2130  Orune 9.368 40.407
650  S. Giusta 8.609 39.875 2170  Orosei 9.698 40.380
750 Macomer 8.773 40.269 2240  Arzana 9.528 39.918
910  Fonni 9.255 40.117 2250 Lanusei 9.538 39.879
950  Desulo 9.230 40.015 2330 Muravera 9.563 39.424
980  S. Sofia 9.132 39.867 2390  Nurri 9.230 39.721
1020 Meanasardo 9.073 39.945 2400 Vnovatulo 9.214 39.763
1070  Busachi 8.896 40.033 2440  Seui 9.326 39.837
1180 Cuglieri 8.568 40.190 2500 Bau Muggeris 9.426 39.954
1200 Villanova M.leone 8.473 40.502 2560 Escalaplano 9.348 39.624
1320  Fertilia 8.285 40.594 2570 Campuomu 9.400 39.309
1350  Stintino 8.228 40.937 2580 Castiadas 9.497 39.236
1460 Porto Torres 8.403 40.835 2640 Corongiu 9.281 39.311
1470  S. G.Coghinas 8.756 40.883 2660 Sa Pira 9.186 39.310

35 35
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Fig.2 Characterization of the seasonal and annual maximum and minimum series through boxplots

@ Springer



2149 Page60of 10 Arab J Geosci (2021) 14: 2149

100 [ 0 100 0
.
90 4.2 10 90 10
125 10.4
80 16.7 20 80 20
20.8
27.1

- ° - 22.9 2
g 70 30 o g 70 30 o
o v © v
> >
2 60 58.3 0 & 2 60 375 40 B
8 & 8 &
a c 3 c
£ 50 50 £ £ 50 50 £
3 43.8 S 3 50.0 S
w (%) i w
& 40 37.5 60 & & 40 60 &
S 3 3 333 3
[ -7 oo o
S 30 27.1 70 5 S 30 70 5
X ® X x
20.8
20 146 80 20 80
10 4
10 90 10 6.3 90
0 100 0 - 100
Year Winter Spring Summer  Autumn Year Winter Spring Summer  Autumn
Tmax MPos95% M Neg95% Tmin MPos95% M Neg95%

Fig. 3 Percentages of maximum (left) and minimum (right) temperature series presenting positive or negative trend
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Fig.5 Results of the trend
analysis performed on the
maximum temperature at the
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°C/10 years

the region which showed positive values although with low

As for the annual temperature, the seasonal trend behav-
magnitude (between 0.5 and 1 °C/10 years).

iour obtained for the minimum temperature is the opposite
of the one obtained for the maximum temperature, with a
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higher percentage of stations presenting decreasing trends  of the stations, an opposite behaviour has been detected.
instead of positive ones (Fig. 3). In particular, in autumn A prevailing negative trend, although less evident than in
50% of the stations showed negative values and in only 6.3% autumn, has also been detected in winter and in summer,

Fig.6 Results of the trend

analysis performed on the °C/10 years
minimum temperature at the
Seasonalscalep Q® <200 @ 20-¢15@ ¢15-(1.0 O 1.00-(05) ) (-05)-(0.0)

O ©00-05 O ©5-10 O 10-015 @ @15-20 @ >0
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when 22.9% and 27.1% of the stations showed negative val-
ues, respectively, and 10.4% (winter) and 20.8% (summer)
of the stations showed positive values. Finally, in spring,
the marked positive trend detected for the maximum values
has been confirmed also for the minimum ones, with 33.3%
and 10.4% of the stations showing a positive and a negative
trend, respectively.

From a spatial point of view (Fig. 6), due to the high num-
ber of significant trend, only in autumn a spatial distributed
tendency can be identified, with the negative values distrib-
uted across the region and reaching a maximum decrease
between — 1.5 and—1 °C/10 years. On the contrary, in
spring, the positive values are spread throughout the island
(maximum increase between 1.5 and 2 °C/10 years) with
the few stations presenting negative trends localized in the
central part of the region. In winter and summer, the nega-
tive trends prevailed, but no spatial remarkable results have
been obtained.

To sum up, although previous planetary-scale investiga-
tions on maximum and minimum temperatures showed an
increase in the minimum values rather than the maximum
ones (Easterling et al. 1997), results of this study evidenced
an opposite behaviour, thus confirming those achieved by
some previous research performed in Italy (e.g. Caloiero
et al. 2015).

Conclusions

Since climatic variables, in particular temperature data, have
become considerably important as they affect many environ-
mental issues and indicate a clear sign of climate change,
numerous studies have been carried out. This is particularly
evident in some areas, such as the Mediterranean region,
one of the most reactive regions to climate change. Tem-
perature warming is mainly associated with the exploita-
tion of forest resources, population influx, and expansion of
agricultural land, which have changed the natural landscape
and increased the concentration of greenhouse gases in the
atmosphere at an ever-growing rate. In the present study, a
systematic exploration of the trend characteristics of the Sar-
dinia region (Italy) temperatures at seasonal and annual time
scales for a 30-year period (1982-2011) has been attempted.
Two non-parametric tests have been applied for trend detec-
tion. They reveal the presence of an opposite trend behaviour
between maximum and minimum temperatures. Seasonal
maximum temperature generally reaches a positive trend,
except in winter and in spring with about 58% of the stations
showing increasing values. By contrast, a negative trend has
been observed for the minimum seasonal temperature data,
especially in autumn when 50% of the series showed this
tendency. Regional annual trend analysis showed 37.5% and
16.7% of the stations presenting a positive and a negative

trend, respectively, for the maximum temperature. Con-
versely, for the minimum temperature, these percentages
resulted in exactly the opposite, with a negative trend iden-
tified in 37.5% of the stations and a positive trend detected
in 16.7% of them. The scientific information achieved in this
study can increase the knowledge and the ability of poli-
cymakers to make strategic decisions, which are often for-
mulated without significant scientific input, and show how
climate policy interventions might influence future green-
house emissions.

Author contribution The authors contributed equally to this work.
Data availability The data presented in this study are available online.

Code availability Not applicable.

Declarations

Conflict of interest The authors declare no competing interests.

References

Al Buhairi MH (2010) Analysis of Monthly, Seasonal and annual
air temperature variability and trends in Taiz City - Republic of
Yemen. J Environ Prot 1:401-409

Brunetti M, Maugeri M, Monti F, Nanni T (2006) Temperature and
precipitation variability in Italy in the last two centuries from
homogenised instrumental time series. Int J Climatol 26:345-381

Buttafuoco G, Caloiero T, Guagliardi I, Ricca N. (2016) Drought
assessment using the reconnaissance drought index (RDI) in a
southern Italy region. 6th IMEKO TC19 Symposium on Environ-
mental Instrumentation and Measurements 2016: 52-55.

Buttafuoco G, Caloiero T, Ricca N, Guagliardi I (2018) Assessment
of drought and its uncertainty in a southern Italy area (Calabria
region). Measurement. J Int Meas Conf 113:205-210

Buttafuoco G, Guagliardi I, Tarvainen T, Jarva J (2017) A multivariate
approach to study the geochemistry of urban topsoil in the city of
Tampere, Finland. J Geochem Exp 181:191-204

Caloiero T, Buttafuoco G, Coscarelli R, Ferrari E (2015) Spatial
and temporal characterization of climate at regional scale using
homogeneous monthly precipitation and air temperature data: an
application in Calabria (Southern Italy). Hydrol Res 46:629-646

Caloiero T, Coscarelli R, Ferrari E, Sirangelo B (2017) Trend analysis
of monthly mean values and extreme indices of daily temperature
in a region of southern Italy. Int J Climatol 37:284-297

Caloiero T, Coscarelli R, Gaudio R, Leonardo GP (2019a) Precipita-
tion trend and concentration in the Sardinia region. Theor Appl
Climatol 137:297-307

Caloiero T, Coscarelli R, Gaudio R (2019b) Spatial and temporal vari-
ability of daily precipitation concentration in the Sardinia region
(Italy). Int J Climatol 39:5006-5021

Caloiero T, Veltri S (2019) Drought assessment in the Sardinia region
(Italy) During 1922-2011 using the standardized precipitation
index. Pure Appl Geophys 176:925-935

Caloiero T, Guagliardi I (2020) Temporal variability of temperature
extremes in the Sardinia region (Italy). Hydrology 7:55

Ceppi P, Scherrer SC, Fischer AM, Appenzeller C (2012) Revisiting
Swiss temperature trends 1959-2008. Int J Climatol 32:203-213

@ Springer



2149 Page 10 0f 10

Arab J Geosci (2021) 14: 2149

Djaman K, Balde AB, Rudnick DR, Ndiaye O, Irmak S (2016) Long-
term trend analysis in climate variables and agricultural adapta-
tion strategies to climate change in the Senegal River Basin. Int J
Climatol 37:2873-2888

Djaman K, Koudahe K, Bodian A, Diop L, Ndiaye PM (2020) Long-
term trend analysis in annual and seasonal precipitation, maxi-
mum and minimum temperatures in the Southwest United States.
Climate 8:142

Easterling DR, Horton B, Jones PD, Peterson TC, Karl TR, Parker DE,
Salinger MJ, Razuvayev V, Plummer N, Jamason P, Folland CK
(1997) Maximum and minimum temperature trends for the globe.
Science 277:364-367

Giorgi F (2002) Variability and trends of sub-continental scale surface
climate in the twentieth century. Part i: Observations Clim Dyn
18:675-691

Goubanova K, Li L (2007) Extremes in temperatures and precipitation
around the Mediterranean basin in an ensemble of future climate
scenario simulations Glob. Planet Change 57:27-42

Guagliardi I, Rovella N, Apollaro C, Bloise A, De Rosa R, Scarciglia
F, Buttafuoco G (2016) Modelling seasonal variations of natural
radioactivity in soils: a case study in southern Italy. J Earth Syst
Sci 125:1569-1578

IPCC (2018) Summary for policymakers. Global warming of 1.5°C.
IPCC, Geneva.

Jacobeit J (2000) Rezente Klimaentwicklung im Mittelmeerraum.
Petermanns Geogr Mittl 144:22-33

Kendall MG (1962) Rank Correlation Methods. Hafner Publishing
Company, New York.

King AD, Donat MG, Fischer EM, Hawkins E, Alexander LV, Karoly
DJ, Dittus AJ, Lewis SC, Perkins SE (2015) The timing of anthro-
pogenic emergence in simulated climate extremes. Environ Res
Lett 10:094015

Koppen W (1936) Das geographische System der Klimate. In: Kop-
pen W, Geiger R (eds) Handbuch der Klimatologie Bd. 1: Teil C.
Borntriger, Berlin

Mann HB (1945) Nonparametric tests against trend. Econometrica
13:245-259

@ Springer

Martinez JC, Maleski JJ, Miller FM (2012) Trends in precipitation and
temperature in Florida, USA. J Hydrol 452-453:259-281

Men B, Wu Z, Liu H, Tian W, Zhao Y (2020) Spatio-temporal analysis
of precipitation and temperature: a case of study over the Beijing-
Tianjin-Hebei region, China. Pure Appl Geophys 177:3527-3541

Montaldo N, Sarigu A (2017) Potential links between the North Atlan-
tic Oscillation and decreasing precipitation and runoff on a Medi-
terranean area. ] Hydrol 553:419-437

Nawaz A, Waqar A, Shah SAR, Sajid M, Khalid MI (2019) An innova-
tive framework for risk management in construction projects in
developing countries: evidence from Pakistan. Risks 7:24

Pellicone G, Caloiero T, Modica G, Guagliardi I (2018) Application of
several spatial interpolation techniques to monthly rainfall data in
the Calabria region (southern Italy). Int J Climatol 38:3651-3666

Pellicone G, Caloiero T, Guagliardi I (2019) The De Martonne aridity
index in Calabria (Southern Italy). J Maps 15(2):788-796

Ricca N, Guagliardi I (2015) Multi-temporal dynamics of land use
patterns in a site of community importance in Southern Italy. App
Ecol Environ Research 13:677-691

Schmidt MW, Hertzberg JE (2011) Abrupt climate change during the
last ice age. Nat Edu Knowl 3:11

Sen PK (1968) Estimates of the regression coefficient based on Kend-
all’s tau. J Am Stat Assoc 63:1379-1389

Singh H, Pirani FJ, Najafi MR (2020) Characterizing the temperature
and precipitation covariability over Canada. Theor Appl Climatol
139:1543-1558

Vicente-Serrano SM, Lopez-Moreno J-1, Begueria S, Lorenzo-Lacruz
J, Sanchez-Lorenzo A, Garcia- Ruiz JM, Azorin-Molina C,
Moran-Tejeda E, Revuelto K, Trigo R, Coelho F, Espejo F (2014)
Evidence of increasing drought severity caused by temperature
rise in southern Europe. Environ Res Letters 9:044001

Zhao P, Jones P, Cao L, Yan Z, Zha S, Zhu Y, Yu Y, Tang G (2014)
Trend of surface air temperature in Eastern China and associated
large-scale climate variability over the last 100 years. Am Mete-
orol Soc 27:4693—-4703



	Climate change assessment: seasonal and annual temperature analysis trends in the Sardinia region (Italy)
	Abstract
	Introduction
	Methodology
	Study area and data
	Results and discussion
	Conclusions
	References


