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Abstract: Global climate change has emerged as a problem in recent years, and its effects will likely
continue to increase in the future. Several scientific studies conducted in the Mediterranean region
have demonstrated relatively stationary trends for annual precipitation and significant upward trends
for mean annual temperature. These trends present several implications, especially in the Greek
islands that serve as major summer tourist destinations where the population is already unable to
meet their water demands. The aim of this study is to investigate both long- and short-term variations
in temperature and precipitation on three Greek islands in the Mediterranean Sea (Mykonos, Naxos,
and Kos). The temperature and rainfall trends, as well as their magnitudes at yearly, seasonal,
and monthly time steps, were determined using the non-parametric Mann–Kendall trend test. The
Standardized Precipitation Index (SPI) was employed to identify the drought periods. According
to the results, precipitation slightly increased (almost stationary) in the three islands, although this
rise was not statistically significant. All three islands experienced a sharp and statistically significant
increase in their mean annual air temperatures. The region may experience drought episodes as a
result of the high temperature increase, which would drastically reduce the amount of water, available
for use due to the increased evapotranspiration. For the Mediterranean region, the necessity for a
drought management strategy to stop or diminish the severity of drought episodes and their effects
has grown into a matter of great concern. It is crucial to take measures and conduct relevant research
in order to create the conditions for adaptation and mitigation of climate change consequences and
the increased appearance of drought phenomena.

Keywords: evapotranspiration; drought index; precipitation; temperature; SPI; water demand;
water scarcity

1. Introduction

The modern way of life has greatly impacted the quality and quantity of water re-
sources mainly through the phenomena of urbanization, excessive consumption, continued
population increase, imbalanced water use, the accelerating development of industry, the
tertiary sector, especially tourism, and the intensification of agriculture and grazing [1,2].
During the past few decades, the amount of readily available water has progressively
declined [3–5]. As a result, a constantly increasing competition for water resources has
emerged. Since water constitutes a finite resource, meeting currently increasing water needs
highlights the great necessity of regulating water consumption, especially considering that
it is a resource of an abnormal spatial distribution. The issue of climate change presents
broad implications to the entire planet and, unfortunately, it is expected to worsen in the
future. The effects of climate change on global water resources have been thoroughly stud-
ied by a number of scientists all over the globe [6–14]. If the goal is to create the conditions
for adaptation and also mitigation of climate change effects, it is crucial to focus research
efforts on respective studies, investigating the trends of precipitation and temperature.
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Analyzing long-term changes in climate variability is a fundamental task in climate
change detection studies [15]. Along with the risk of intensified droughts, wildfires, floods,
and soil erosion, global climate change may have an impact on long-term rainfall rates,
which affect water availability [16]. The two key climatic factors are precipitation and
temperature [17–19] since they determine the environmental conditions and affect the
agricultural productivity of an area [20]. According to studies over the past few decades,
droughts have occurred more frequently over the globe, presenting a considerably adverse
impact on the economy, society, and the environment [7,21–23]. The phenomenon of
drought is considered one of the most complex and, at the same time, least understood
natural disasters on the planet [24–27].

As a result of this trend, many Greek islands, which are popular summer tourist desti-
nations, seem to be unable to meet their water needs. There are previous studies conducted
in Greece that investigated the temporal and spatial distribution trends of precipitation,
providing a variety of findings and conclusions (e.g., [28–33]). Several scientific studies
revealed a pattern of decreasing rainfall in the South Aegean region [34–42]. Concerning
the temperature trends in Greece, the results of previous studies are clear and reveal that
in most areas of the country there has been a statistically significant increase in tempera-
ture during recent decades (e.g., [43–46]. Characterized by the typical dry Mediterranean
environment, the majority of Aegean islands have insufficient water sources [47,48]. Fur-
thermore, the intrusion of seawater into the aquifer makes it even more challenging to locate
drinking water, which has the consequence of reducing the amount of water resources
available to meet the population’s needs [49,50]. This issue becomes considerably worse
during the summer period when the demand for drinking water rises up to five times
above average levels, which is attributed mainly to tourism [51].

According to the literature, the impact of climate change is widely acknowledged,
while the impacts greatly vary at a regional vs. local scale. Such information is essential for
the development of strategies to reduce and offset the effects of hydrological climate change
at the local and regional levels. Within this context, the aim of this study was to examine
the long- and short-term trends of temperature and rainfall data and the effect on water
availability and drought severity in three typical Mediterranean islands (Mykonos, Naxos,
Kos), which are characterized by a long dry-thermal period during the peak of the summer
tourism period. Temperature and rainfall trends and their magnitudes at yearly, seasonal,
and monthly time steps were investigated by applying the non-parametric Mann–Kendall
trend test, while the drought periods were identified using the Standardized Precipitation
Index (SPI).

2. Materials and Methods
2.1. Study Area

The research area consists of three typical islands of the South Aegean: Mykonos,
Naxos, and Kos (Figure 1A). The island of Mykonos is located in the central part of the
Cyclades, south of Tinos and it has an area of 85.5 km2. Mykonos is the island with the
mildest topography in the study area, with a maximum elevation of 365 m and a mean
elevation of 100 m. Additionally, it is almost exclusively lowland, while only a small part of
its area is considered hilly. No forested areas can be detected, while most of the catchments
are covered by agricultural crops (43.54%), pastures (37.64%), and a lower percentage is
covered by settlements (16.99%) [52].
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Figure 1. (A) The location of the three islands (Mykonos, Naxos, and Kos); (B) the positions of the
meteorological stations used in the present study.

Naxos constitutes the largest and most fertile island of Cyclades, with an area of
430 km2, and is located south of Mykonos and east of Paros. The topography of Naxos
is formed by Mount Zas, a low mountain range that crosses it from north to south, with
the highest point to be Naxos Dias or Za (989 m), while it has a mean altitude of 263 m.
Most of the research area is characterized as hilly, while there are several plains and some
semi-mountainous areas. In the catchment areas of Naxos, there are no forested areas, most
of it is covered by pastures–shrublands (64.15%) and agricultural crops (34.98%) [52].
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The island of Kos, with a total area of 282.5 km2, has a particularly elongated shape
consisting of a long and densely populated lowland zone in the north and a steep, uninhab-
ited mountain range in the south. The mountainous masses of this section are arranged
along the southern coast and the highest peak is Mount Dikaios (840 m), whose mean
elevation is 127 m. Most of the study area is lowland, while it contains some hilly areas
and a very small semi-mountainous section. Kos is the only island of the research area that
appears to have some forested areas in its catchments (6.11%), while most of the catchments
are covered by pastures and bush areas (48.89%), followed by agricultural crops (40.89%)
and settlements to a slightly lower extent [52].

The climate of the research area, according to Koppen/Geiger climate classification, is
the Mediterranean type characterized by a long dry summer and mild winter, while strong
winds appear throughout the year [53]. In the study area, three meteorological stations
(MSs) (Mykonos, Naxos, and Kos) are operated by the Hellenic National Meteorological
Service (HNMS), with long observations, while in the last decade there have also been
observation stations operated by the National Observatory of Athens (NOA) [54]. In Table 1,
the names and details of the stations (altitude, observations, duration, etc.) are provided,
while in Figure 1B their location in the research area map is presented. In the current
research, the longest time series were further analyzed.

Table 1. Meteorological stations (MSs) in the research area.

Meteorological Station
Coordinates Operating

Services Altitude Period
X Y

Mykonos 25.3458◦ 37.4359◦ HNMS 122 1989–2019
Naxos 25.3728◦ 37.1013◦ HNMS 11 1955–2019

Kos (airport) 27.0913◦ 36.8012◦ HNMS 126 1961–2019
Mykonos 25.3260◦ 37.4450◦ NOA 10 2012–2019

Naxos 25.3738◦ 37.1014◦ NOA 19 2011–2019
Kos 27.3404◦ 36.8772◦ NOA 37 2014–2019

Apiranthos 25.5200◦ 37.0712◦ NOA 600 2012–2019
Apollonas 25.5549◦ 37.1811◦ NOA 35 2012–2019
Damarion 25.4780◦ 37.0510◦ NOA 310 2012–2019
Koronas 25.5355◦ 37.1187◦ NOA 540 2012–2019

Kynidaros 25.4770◦ 37.0990◦ NOA 410 2012–2019
Melanes 25.4379◦ 37.0901◦ NOA 160 2012–2019

Small Vigla 25.3730◦ 37.0240◦ NOA 12 2012–2019

2.2. Timeseries Trends Analysis—Mann–Kendall Trend Test

To initially detect any rainfall and temperature time series upward/downward trends,
the least square method was employed [38,53]. Specifically, the slope of the linear regression
line was calculated using the following equation:

Y = a + b·X

where Y is the dependent variable, hydrometeorological parameter (rainfall and tempera-
ture), and X is the independent variable of time. If “b” is positive there is an upward trend,
while if “b” is negative there is a downward trend.

The non-parametric test of Mann–Kendall was used to determine the level of signifi-
cance of the time series trends [35,55–57]. This test determines the potential abrupt climate
changes in the time series of the hydrometeorological parameters [57,58].

In a time series of N observations, x1, x2, . . . xn, the value of the 1st one (x1) is compared
with all the subsequent values from the 2nd one (x2) to the n one (xn). This process is
repeated by comparing the value of the second term (x2) with all the subsequent values
and so on, and then, all the possible pairs of observations are examined, xi and xj with j > i,
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and the total number of pairs (P) is calculated to meet the relation xi > xj (P minimum when
the time series is constantly ascending). Moreover, the normalized variable was examined:

A = [4P/((N·(N − 1)] − 1

where for random succession of the time series, the expected value is E(A) = 0, and the
scatter is as follows:

Var(A) = 2· (2· (N + 5)/9·N· (N − 1)

The distribution of the parameter u(t) = A/Var(A)1/2 converges on the standard
normal distribution as it grows [57].

The null hypothesis of the non-existence of a downward/upward trend is not rejected
for some level of significance α, when –zα/2 ≤ u(t) ≤ zα/2, where zα/2 the normalized
variable of normal distribution for the possibility of exceeding a/2.

The abovementioned method is also resolved graphically and it was used in the present
study. For this purpose, the final values of standardized variables u(t) were calculated,
whose absolute value, if it is higher than |1.96|, shows the existence of a statistically
significant trend (statistically significant at the level of 95%) in the studied time series.
The same principle is applied to the reverse order of standardized variables u’(t). The
intersection of the 2 curves, given that it lies among the critical values of the 95% significance
level, determines the starting year of climate change.

2.3. Precipitation, Temperature, and Drought Analysis

The research examined the hydrometeorological characteristics of the study area and
the drought severity. The study of drought phenomenon is mainly based on rainfall data,
since in most areas, precipitation is usually the only available variable. Statistical indices
are used to determine drought characteristics, such as intensity, duration, and spatial
distribution [38,53,59–66].

To investigate the potential of water-storage works and irrigation works development
for the management of water resources, apart from the annual precipitation height, the
monthly rainfall is of particular importance. The variability of the annual rainfall was
studied since its distribution among the months of the year is crucial for water management.

The dry-thermal index, which indicates the period of drought, is a crucial component
of a region’s climate. The Bagnouls and Gaussen rain–temperature diagram creates a biolog-
ical division between the climates that roughly corresponds to the number of ecologically
dry days in a drought season. Drought period is considered when 1 month has a rain height
(P) (mm) less than the double value of the mean air temperature (T) in ◦C; more specifically,
when P < 2T. The rain–temperature diagram carries two curves: one presenting the mean
monthly rainfall values and the other one providing the mean monthly temperature values.

2.4. Standard Precipitation Index (SPI)

In recent years, many researchers have based studies on the Standardized Precipitation
Index (SPI) to facilitate the detection and systematic recording of drought episodes [67–72].
The SPI drought index has been widely employed owing to the simplicity of its calculation,
its ability to be performed in different areas, and the fact that the only data required for its
calculation are the monthly rainfall values. The nature of the SPI index allows to detect a
rare drought episode or an extremely wet episode that can be observed in any area and at
any time, as long as there are sufficient rainfall data. The main drawback of this index is
that it does not take into account the temperature values.

Classification based on SPI values is presented in Table 2 [73]. In order to calculate the
SPI, a long monthly precipitation time series of over 30 years is required. In the current
study, the 12-month SPI was calculated for each MS that provided an adequate time series
length. The index is calculated by taking the difference of precipitation from the mean
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value of a specific time scale and then dividing it by the standard deviation value according
to the following equation:

SPI =
Xi − Xmean

σ
(1)

where Xi is the precipitation of the period concerning the year iI, Xmean is the respective
mean value, and σ is the standard deviation value of the period.

Table 2. Classification of the wet and dry periods according to the SPI index.

Values of SPI Index Characterization of Episodes

>2.0 Extremely wet period
1.5–1.99 Very wet period
1.0–1.49 Wet period

−0.99–0.99 Regular rainfall
−1.0–(−1.49) Drought
−1.5–(−1.99) Significant drought

<−2.0 Extreme drought

3. Results
3.1. Precipitation

By applying the least square method, the relation of rainfall fluctuation with time was
examined. The results of this work are presented in Table 3 and Figures 2 and 3. Specifically,
Table 3 presents the equations of the time series trends that express the change in the annual
amount of rain over time, as well as the change in the annual amount of rain per decade for
each of the MSs studied in the research area. It was found that in the 2 MSs with long-term
time series (1961–2019), there was a downward trend of annual rainfall for both islands,
Naxos and Kos (Figure 3).

Table 3. Linear trends of the annual rainfall in the research meteorological stations.

Meteorological Stations Altitude (m) Trend Equation (R2) Change in Annual Rainfall
Height (mm/10 years)

Period 1961–2019

Naxos 11 Y = 383.42 − 0.513·X (0.007) −5.1
Kos 126 Y = 819.28 − 5.886·X (0.2) −58.8

Period 1989–2019

Mykonos 122 Y = 380.96 + 0.596·X (0.003) +5.9
Naxos 11 y = 330.76 + 1.212·X (0.011) +12.1

Kos 126 Y = 501.86 + 2.458·X (0.013) +24.6

Figure 2. Annual rainfall trends of the Naxos (red solid and dotted lines) and Kos (blue solid and
dotted lines) meteorological stations for the period of 1961–2019.
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Figure 3. Annual rainfall trends of the research meteorological stations during 1989–2019. Mykonos
(black solid and dotted lines), Naxos (red solid and dotted lines), and Kos (blue solid and dotted lines).

However, according to Table 3 and Figure 4, concerning the common operating period
of the three stations, there is an increasing trend of rainfall for all of the stations. This
change amounts to +5.9 mm/10 years in Mykonos, +12.1 mm/10 years in Naxos, and
+24.6 mm/10 years in Kos.

Figure 4. Graphical representation of the Mann–Kendall trend test of the annual rainfall time series
(Naxos above; Kos below) for the period of 1961–2019.

The Mann–Kendall trend test was used to investigate if there is an abrupt climate
change in annual rainfall time series and whether this abrupt change is statistically signifi-
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cant (when the normal curve falls outside the confidence interval) for a 95% significance
level. For the meteorological stations of Naxos and Kos, which have provided observations
since 1961, the Mann–Kendall trend test was implemented for 2 periods, 1961–2019 and
1989–2019; the latter period constitutes the common period of observations for all 3 MSs of
the study area. The results of this work are presented in Figures 4 and 5.

Figure 5. Graphical representation of the Mann–Kendall trend test of the annual rainfall time series
for the common period of 1989–2019 concerning the Mykonos, Naxos, and Kos MSs.

According to the results shown in Figure 4, it appears that concerning the observation
period of 1961–2019, the change for the Naxos MS is not statistically significant (sig. level
95%). In contrast, the downward trend of precipitation demonstrated in the Kos MS is
statistically significant (95% sig. level). As can be evidenced in Figure 4, the change that
appears in the time series of rainfall in Kos begins in the year 1982.
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The Mann–Kendall trend test was also applied for the common period of observations
(1989–2019) obtained from the 3 stations of the research area. The results of the analysis are
exhibited in Figure 5. The MSs of Kos, Mykonos, and Naxos display a slightly downward
trend. However, it is evident that during the observation period 1989–2019, the changes
in precipitation time series are not statistically significant (sig. level 95%) for the 3 MSs.
Several studies conducted in the Mediterranean region have analyzed precipitation time
series trends and demonstrated ambiguous results. Most of these studies revealed a
stationary precipitation trend, while few of them showed upward as well as downward,
trends of precipitation; however, in a few studies, these trends were found to be statistically
significant [41,74–77].

3.2. Air Temperature

Table 4 and Figures 6 and 7 present the time series trend equations expressing the
change in the mean annual temperature as well as the change in mean annual temperature
per decade for the MSs of the research area. According to Table 4, the temperature trend for
the period of 1961–2019 for the MSs of Naxos and Kos, as well as for the common period
for the 3 stations, is upward.

Table 4. Linear trends of mean annual temperature values of research stations.

Meteorological Station Altitude
(m) Trend Equation (R2)

Change in Annual Air
Temperature
(◦C/10 years)

Period of 1961–2019

Naxos 11 Y = 17.792 + 0.021·X (0.42) +0.21
Kos 126 Y = 18.132 + 0.0082·X (0.065) +0.08

Period of 1989–2019

Mykonos 122 Y = 16.849 + 0.0622·X (0.63) +0.62
Naxos 11 Y = 18.105 + 0.0372·X (0.47) +0.37
Kως 126 Y = 17.923 + 0.0370·X (0.37) +0.37

Figure 6. Annual temperature trends of Naxos and Kos stations for the period 1961–2019.
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Figure 7. Annual temperature trends of research stations for the common observation period of
1989–2019.

The Mann–Kendall trend analysis was used to investigate abrupt or non-climatic
change in mean annual air temperatures, as well as whether this change is statistically
significant (when the normal curve exits the confidence interval) for a 95% significance
level. Figures 8 and 9 show the findings of this research. Figure 8 demonstrates abrupt
temperature increases, while during the observation period of 1961–2019 (for the Naxos
and Kos MSs) the upward trends are statistically significant (95% sig. level). The change
starts from the year 2001 for the Naxos station (upward trend) and for the Kos station
(upward trend) in the year 2005.

Figure 8. Graphical representation of the Mann–Kendall trend test of the temperature time series
(Naxos above; Kos below) for the period of 1961–2019.
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Figure 9. Graphical representation of the Mann–Kendall trend test of the temperature time series for
the period 1989–2019 for Mykonos, Naxos, and Kos.

The Mann–Kendall trend test was also applied for the common observation period
1989–2019 concerning the 3 MSs of the research area. The results of the analysis can be
observed in the following Figure 9. According to this figure, an upward trend can be
observed in the data of all MSs, and the change starts from the year 2010 for the MS
of Mykonos, the year 2008 for the MS of Naxos, and the year 1997 for the MS of Kos,
respectively. These changes were found to be statistically significant (95% sig. level) for
all 3 MSs. Several studies in the Mediterranean region have also revealed a statistically
significant increase in air temperature in recent decades [41,75,76,78,79].
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3.3. Drought Analysis
3.3.1. Bagnouls and Gaussen Ombro-Thermal Diagrams

Using the monthly time series of rainfall and temperature, ombro-thermal diagrams
were constructed, which clearly display the distribution of the amount of rainfall in each
month of the year and can be observed in the following figures (Figures 10–12). According
to these figures, it is revealed that the month of the highest rainfall, concerning the study
area, is January, followed by December and February for all three stations. Additionally, it is
evident that there is a long and intense dry-thermal period, which is typical for the climate
of the region. More specifically, Naxos is the island with the longest dry-thermal period
(April–October) (Figure 11), i.e., over half the months of the year, followed by Mykonos
(Figure 10) with half the months of the year (April–September) in a dry-thermal period,
while Kos presents conditions of higher moisture, showing a dry-thermal period from May
until September (Figure 12).

Figure 10. Bagnouls and Gaussen ombro-thermal diagram. Distribution of monthly precipitation and
temperature in Mykonos island. Red dotted lines indicate the dry-thermal period and blue vertical
lines indicate the wet period.

Figure 11. Bagnouls and Gaussen ombro-thermal diagrams. Distribution of monthly precipitation
and temperature in Naxos island. Red dotted lines indicate the dry-thermal period and blue vertical
lines indicate the wet period.
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Figure 12. Bagnouls and Gaussen ombro-thermal diagram. Distribution of monthly precipitation
and temperature in Kos island. Red dotted lines indicate the dry-thermal period and blue vertical
lines indicate the wet period.

3.3.2. Standardized Precipitation Index (SPI)

In the present study, the 12-month Standardized Precipitation Index (SPI12) was
applied. SPI can be used as an indicator for immediate effects, such as decreased soil
moisture, snowfall, and flow in tiny creeks, when it is computed for shorter accumulation
periods (e.g., 1 to 3 months). Longer accumulation durations (e.g., 12 to 48 months) allow
for the computation of SPI, which can be used as an indicator of decreased reservoir and
groundwater recharge. The SPI12 index is more closely related to the water table height
in a region, while soil moisture and surface stocks are even more closely related to SPI3
variation [80]. Table 5 exhibits the most significant drought episodes, while Figure 13
presents the evolution of the SPI12 index over time.

According to Table 5 and Figure 13, it can be seen that severe (−1.5 ≤ SPI ≤ −2) and
extreme drought (SPI ≤ −2) episodes occurred in common relative periods with some
variations in their characteristics. Thus, in the observation period of 1989–1991, a period
of drought occurred for the entire area of Greece [8,81] as well as for the wider area of the
eastern Mediterranean region [82–84]; the duration of the drought in Mykonos and Kos
was found to be 2 months, while in Naxos it was 9 months. During the years 1999–2001,
a significant drought was observed in all 3 islands with the longest duration in Mykonos
(21 months), while in Naxos and Kos the duration was 8 months. Moreover, one month
with characteristics of extreme drought was observed in Mykonos.

Table 5. Most significant drought episodes in the research area. The extreme drought episodes
(SPI ≤ −2) are indicated with bold font.

MYKONOS NAXOS KOS

March 90–May 90
(3 months)

2 months (March, April)

June 89–June 90
(13 months)

9 months (September–May)

June 89–June 90
(13 months)

2 months (April, May)
April 99–March 01

(21 months)
1 month (March)

June 99–June 00
(8 months)

Sept 99–April 00
(8 months)

June 06–March 07
(10 months)

April 07-May 07
(2 months)

Aug 05–April 07
(22 months)

Aug 15–March 16
(10 months)

Aug 15–July 18
(36 months)

July 15–June 16
(12 months)

Aug 17–May 18
(10 months)

Sept 17–June 18
(10 months)
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Figure 13. Intertemporal variation in the drought index SPI12 in the research area.

In the period of 2006–2007, Mykonos experienced a drought of 7 months, Naxos for
2 months, and Kos for a longer period (22 months). Finally, in the period from August 2015,
Naxos faced a continuous drought of 36 months, while Mykonos during the same period
presented 2 droughts of 10 months and Kos experienced 2 episodes of drought of 12 and
10 months, respectively.

Drought frequency and intensity are expected to have risen in the Mediterranean
basin, and this area will likely be impacted from drought as a result of the intense global
temperature rise [85] that could result in higher levels of drought [86–88]. The Aridity Index,
which takes into account both rainfall and potential evapotranspiration, is expected to rise
by up to 50% throughout most of the Eastern Mediterranean region [89]. Furthermore,
climate change has already impacted water supply in the Mediterranean area [90]. The
results revealed that the study area suffers from frequent drought episodes. However,
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the ancient Greek civilization was established and developed uninterruptedly on these
islands for thousands of years, which proves that there was available water to support
the population demand. Nowadays, the effect of climate change is mainly expressed
by an intense increase in mean temperature, and it seems that the research area cannot
cover the water needs. The lack of water is particularly high in the summer months,
when the water demand reaches its maximum level due to tourism and irrigation needs.
Thus, best management practices should be applied in order to increase the volume of
water stored during the winter season, when the maximum volume of precipitation is
concentrated. Taking into account the positive and negative aspects, such practices could be
the construction of new surface water conservation projects (water reservoirs), installation
of new desalination units, saving water in agriculture, saving water in the water supply,
reduction in water supply/irrigation network losses, detecting illegal drilling/wells, and
changes in pricing policy and the transport of water using water vessels.

4. Conclusions

The intense seasonal drought that prevails in the research area, characteristic of the
uneven distribution of precipitation throughout the year, coincides with the highest water
demand period since during summer the permanent population of the islands has increased
water needs. There is also significant tourism activity as well as increased irrigation water
requirements since most cultivated species present the greatest water demands during
this period.

According to the current analyses, it emerged that there was no change in the amount
of rain in the period of 1961–2019 for the Naxos station, while for the Kos station a de-
crease of 58.8 mm per decade was observed. The rainfall time series of the 3 MSs (for
the common period 1989–2019) showed an increase of +5.9 mm/10 years for Mykonos,
+12.1 mm/10 years for Naxos, and +24.6 mm/10 years for Kos but were not statistically
significant. Concerning the mean annual air temperatures, an increase was observed
for the observation period of 1961–2019 for both Naxos (+0.21 ◦C/10 years) and Kos
(+0.08 ◦C/10 years), and the trends were statistically significant. The change appears to
start from 2001 for the Naxos station (upward trend) and 2005 for the Kos station (upward
trend). The SPI drought index estimation revealed that severe (−1.5 ≤ SPI ≤ −2) and
extreme drought (SPI ≤ −2) episodes occurred in common relative periods with some
slight variations in their characteristics among the 3 islands.

The relatively stationary annual precipitation combined with the significant increase in
temperature could potentially increase the recurrence and intensity of drought phenomena
as the evapotranspiration increases. The reduction in the available water and its conse-
quences depend on the intensity of this phenomenon, as well as on the effectiveness of the
mitigation measures that have been developed in the water supply systems and the socio-
economic system of the region. In Mediterranean countries, water shortage phenomena are
frequent and present serious socio-economic impacts related to the insufficient adaptation
of water supply systems, agricultural systems, and society under water scarcity conditions.
The negative effects are linked to the frequency of the phenomenon occurrence, the increas-
ing water demands due to population growth and tourism activity, as well as irrigation
needs. The great necessity for the development of a drought management strategy towards
the prevention or mitigation of the extent of drought events and their consequences has
been highlighted as a priority issue to be addressed in the Mediterranean region.
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