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Abstract: Different regions of the world are expected to experience an increase in the frequency,
duration and intensity of drought phenomena as a result of the ongoing climate change. Enhanced
evaporation and water deficiency over large time periods under warmer conditions will have devas-
tating consequences on the natural ecosystems, food production as well as the global economy. In
order to monitor the evolution of climate conditions that may lead to increasing drought phenomena
at local, regional or global level, a series of indicators and statistical methods have been developed. In
our work, the values of various drought indices from observational data in Greece were studied over
the period 1990–2020. By applying the Sen and Mann–Kendall methods, the trends and statistical sig-
nificance were examined. The results showed that serious drought events take place during summer
especially in the southern regions. However, the number of consecutive dry days tends to decrease.
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1. Introduction

Drought constitutes an extreme environmental situation that has been associated lately
with the evolving climate change [1]. With warmer conditions prevailing in the globe, due
to the increase of greenhouse gases produced from human activity, evaporation rates tend
to accelerate [2]. Consequently, soil moisture decreases progressively and often leads to
significant water deficiency in certain land areas [3]. On the contrary, more water is available
in the atmosphere. The overall disruption of the hydrological cycle may eventually lead
different sites to experience opposite conditions. Some parts of the world are more likely
to endure an increase in extreme precipitation events and greater risk of flooding, while
others may experience longer and more serious droughts as well as water shortage [4]. The
existence of drought conditions are closely related with a series of negative consequences in
agriculture, water supply, energy efficiency, public health, environmental control, cultural
heritage and the sustainability of the economy at local, regional and global levels [5]. It is
therefore important, to systematically study the temporal as well as geographical evolution
of drought-related meteorological conditions through a variety of developed indices. In
this work, the yearly and seasonal variability and trends of a set of drought indices for the
Greek region were analyzed in order to get an insight of the changes that have occurred
over the past few decades.

2. Data and Methodology

Drought-related data over the period 1990−2020 from seven WMO stations in Greece
were used in this work. The meteorological stations from which data were obtained are
Hellinikon, Thessaloniki, Kerkira, Samos, Larisa, and Souda and Herakleion (Figure 1).
The characteristics of the stations can be seen in Table 1.
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Figure 1. Locations of meteorological stations under study. 

Table 1. Characteristics of meteorological stations. 

Station WMO ID Lat (N) Lon (E) Elevation (m) 
Hellinikon 16716 37.90 23.75 10.0 

Kerkira 16641 39.62 19.92 11.0 
Herakleion 16754 35.33 25.18 39.0 

Souda 16746 35.48 24.12 146.0 
Larisa 16648 39.65 22.45 73.0 

Thessaloniki 16622 40.52 22.97 7.0 
Samos 16723 37.70 26.92 2.0 

The drought indices that were used can be found in the following list. For each index, 
yearly and seasonal data were obtained. An SPI-based classification of drought periods 
[6] is also presented in Table 2. 
 SPI3: 3-Month Standardized Precipitation Index;  
 SPI6: 6-Month Standardized Precipitation Index;  
 CDD: Maximum number of consecutive dry days (RR ≤ 1 mm). 

Table 2. Classification of drought periods [6]. 

SPI Values Drought Classification 
2.0 < SPI Extremely wet 

1.5 < SPI ≤ 2.0 Very wet 
1.0 < SPI ≤ 1.5 Moderate wet 
0 < SPI ≤ 1.0 Near Normal 
−1.0 < SPI ≤ 0 Mild dry 
−1.5 < SPI ≤ −1.0 Moderate dry 
−2.0 < SPI ≤ −1.5 Severely dry 

SPI ≤ −2.0 Extremely dry 

Figure 1. Locations of meteorological stations under study.

Table 1. Characteristics of meteorological stations.

Station WMO ID Lat (N) Lon (E) Elevation (m)

Hellinikon 16716 37.90 23.75 10.0
Kerkira 16641 39.62 19.92 11.0

Herakleion 16754 35.33 25.18 39.0
Souda 16746 35.48 24.12 146.0
Larisa 16648 39.65 22.45 73.0

Thessaloniki 16622 40.52 22.97 7.0
Samos 16723 37.70 26.92 2.0

The drought indices that were used can be found in the following list. For each index,
yearly and seasonal data were obtained. An SPI-based classification of drought periods [6]
is also presented in Table 2.

Table 2. Classification of drought periods [6].

SPI Values Drought Classification

2.0 < SPI Extremely wet
1.5 < SPI ≤ 2.0 Very wet
1.0 < SPI ≤ 1.5 Moderate wet
0 < SPI ≤ 1.0 Near Normal
−1.0 < SPI ≤ 0 Mild dry

−1.5 < SPI ≤ −1.0 Moderate dry
−2.0 < SPI ≤ −1.5 Severely dry

SPI ≤ −2.0 Extremely dry

• SPI3: 3-Month Standardized Precipitation Index;
• SPI6: 6-Month Standardized Precipitation Index;
• CDD: Maximum number of consecutive dry days (RR ≤ 1 mm).

The SPI index is widely used in the characterization of drought periods since it can be
applied in every geographical location and at different time scales evaluating the severity
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of drought events. Furthermore, the non-parametric Sen’s slope and Mann–Kendall [7]
method were applied to both the yearly and seasonal data of all the above indices and
for all the aforementioned stations in order to calculate the corresponding trends and
their statistical significance. This was mainly achieved through the MAKESENS statistical
software [8].

3. Results and Discussion

In Figure 2, the statistical results from the application of Sen’s slope and Mann–
Kendall method on the yearly time series of the CCD index for the Kerkira station are
shown, indicatively. Similar figures were also produced for all indices and stations and for
both the seasonal and yearly data.
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Figure 2. Example of the application of the Sen’s slope (f = Qt + B) and Mann-Kendall method to the 
yearly time series of the CDD index for the Kerkira meteorological station. A positive (negative) 
trend is indicated by a positive (negative) Z value. Q and B denote trend’s slope and intercept at 
95% and 99% confidence levels. 

By examining the yearly trends across all meteorological stations, it was observed 
that CDD values increased for Thessaloniki and Kerkira. This means that, throughout the 
year, the number of consecutive dry days, i.e., days with less than 1 mm precipitation, has 
increased over the study period. However, the trend was not found to be statistically sig-
nificant. On the other hand, negative trends were found for the rest of the stations, which 
were statistically significant for Hellinikon, Herakleion, Larisa and Samos. In these re-
gions, therefore, the yearly number of consecutive dry days has decreased. Concerning 
the SPI3 and SPI6 index, in all stations, with the exception of Samos, positive, not statisti-
cally significant, trends were found. Moreover, by estimating the annual averages of the 
above indices over the whole period of study, it was found that greater average values of 
CDD were observed at Herakleion, Samos and Souda located in the southern and south-
eastern parts of Greece. On the opposite, the lower average values were detected at Thes-
saloniki and Larisa, located in central and northern Greece. Concerning the SPI indices, 
the greater average values were found at Souda. All stations had average SPI3 index val-
ues between 0 and 1, which denotes, according to the classification mentioned earlier, near 
normal drought conditions. The average SPI6 values similarly range from 0 to 1 for 
Kerkira, Hellinikon, Herakleion, Thessaloniki and Souda. For Larisa and Samos, the cor-
responding average values were between −1 and 0, which is characteristic of mild dry 
conditions. 

By examining the seasonal variability of drought indices, statistically significant neg-
ative trends were found during autumn at Larisa and Herakleion with respect to CDD, 
and statistically significant positive trends were observed at Souda and Samos with re-
spect to SPI6. In winter, CDD values decreased in Hellinikon and increased in 

Figure 2. Example of the application of the Sen’s slope (f = Qt + B) and Mann-Kendall method to
the yearly time series of the CDD index for the Kerkira meteorological station. A positive (negative)
trend is indicated by a positive (negative) Z value. Q and B denote trend’s slope and intercept at 95%
and 99% confidence levels.

By examining the yearly trends across all meteorological stations, it was observed
that CDD values increased for Thessaloniki and Kerkira. This means that, throughout the
year, the number of consecutive dry days, i.e., days with less than 1 mm precipitation,
has increased over the study period. However, the trend was not found to be statistically
significant. On the other hand, negative trends were found for the rest of the stations, which
were statistically significant for Hellinikon, Herakleion, Larisa and Samos. In these regions,
therefore, the yearly number of consecutive dry days has decreased. Concerning the SPI3
and SPI6 index, in all stations, with the exception of Samos, positive, not statistically
significant, trends were found. Moreover, by estimating the annual averages of the above
indices over the whole period of study, it was found that greater average values of CDD
were observed at Herakleion, Samos and Souda located in the southern and southeastern
parts of Greece. On the opposite, the lower average values were detected at Thessaloniki
and Larisa, located in central and northern Greece. Concerning the SPI indices, the greater
average values were found at Souda. All stations had average SPI3 index values between 0
and 1, which denotes, according to the classification mentioned earlier, near normal drought
conditions. The average SPI6 values similarly range from 0 to 1 for Kerkira, Hellinikon,
Herakleion, Thessaloniki and Souda. For Larisa and Samos, the corresponding average
values were between −1 and 0, which is characteristic of mild dry conditions.

By examining the seasonal variability of drought indices, statistically significant neg-
ative trends were found during autumn at Larisa and Herakleion with respect to CDD,
and statistically significant positive trends were observed at Souda and Samos with respect
to SPI6. In winter, CDD values decreased in Hellinikon and increased in Thessaloniki,
both statistically significant. During spring, an upward trend of SPI3 values was detected.
Finally, downward trends of CDD were identified at Hellinikon, Herakleion and Samos
during summer.
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To conclude, the Greek region is generally characterized by normal to mild dry condi-
tions in the study period. Drought events of great intensity occur during summer in the
southern regions. In general, however, the consecutive dry days tend to decrease. The
conditions also tend to vary depending on the station’s geographical location.
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