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Abstract: This research work focuses on the analysis of the Standardized Precipitation Index (SPI) over Greece for three time 
scales; three, six and 12 months (SPI3, SPI6, SPI12; respectively). The estimation of the index, as well as, its mean 
values and trends were based on the E-OBS gridded precipitation data v.11.0 for the period 1950 - 2014 with 
0.25°x0.25° spatial resolution. An analysis concerning the moving average fluctuation within the same period was 
performed, providing the corresponding patterns. Additionally, five elevation zones were created with the aim of 
investigating any particular relation between the altitude of a location and the means and trends of SPIi. In order to 
determine the most severe drought events that have occurred, the SPIi anomalies were also estimated. It was found 
that the means of seasonal index present distinct spatial pattern over Greece, while the SPIi trends patters also differ. 
A systematically high SPIi in the zone of 200-500 m is observed, while the maximum negative trends are found in the 
zone of the lowest altitudes (0-200 m), where the large amount of agricultural activities take place. 
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1. INTRODUCTION  

Drought is a natural phenomenon which is characterized by extended periods of precipitation 
shortage, normally for a season or more, resulting in water deficiency for some human activities, 
such as farming, irrigation or domestic use. In the last decades, many drought indices were 
formulated into a single number by integrating meteorological parameters, such as, rainfall, 
evapotranspiration and temperature (Patel et al., 2007). One of the most common indices is the SPI, 
which McKee et al. (1993) proposed as an indicator that may serve as a versatile tool in drought 
alert, monitoring and analysis. It is a valuable tool for the estimation of the intensity and duration of 
drought events and its vantage was highlighted in 2010, when World Meteorological Organization 
(WMO) selected SPI as a key meteorological drought indicator to be produced operationally by 
meteorological services. Later studies proved that the SPI is in good agreement with the 
corresponding values of the Palmer Drought Severity Index (PDSI) (Keyantash and Dracup, 2002), 
which is the most common drought index used in the United States. SPI’s asset is that it identifies 
emerging drought months sooner than the Palmer Index (Hayes et al., 1999). Despite the fact that 
the majority of drought indices have a fixed time-scale, SPI is designed in such a way that it can 
detect drought over different periods at multiple time scales. As SPI is based on precipitation alone, 
it is easy to use, taking into account its fundamental strength; that it can be calculated for a variety 
of timescales. The applicability of SPI varies with the time scale because the 1-month SPI reflects 
short-term conditions and its application can be related closely to soil moisture; the 3-month SPI 
provides a seasonal estimation of precipitation; 6- and 9-month SPI indicates medium term trends in 
precipitation patterns (Ji and Peters, 2003). The SPI has several limitations and unique 
characteristics of its own that must be considered when it is used. For example, the SPI is only as 
good as the data used in calculating it (Hayes et al., 1999). Important factors are the timeliness of 
the station data, especially in an operational use of the index, and the spatial distribution and density 
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of the stations. Guttman (1999) reports that at least a fifty years long dataset is necessary for the 
definition of the SPI on time scales smaller than 12-months, while longer datasets are required on 
24-, 36- or 48-month periods. According to Hayes et al. (1999), thirty-year long datasets may be 
used for small time scales. 

In Greece, Livada and Assimakopoulos (2007) studied the spatial and temporal variations of 
monthly precipitations over Greece, using 51 years (1950–2000) of monthly rainfall data from the 
available meteorological monitoring network, by applying the Standardized Precipitation Index 
(SPI), to detect on a regional basis, drought frequency, drought intensity and drought duration. 
From the estimation of the SPI on 3- , 6- and 12-month time scales, they found that the frequency of 
mild and moderate drought conditions is approximately of the same order of magnitude over the 
whole Greek territory. However, frequencies present a small reduction moving from north to south 
and from west to east. They illustrate the persistence of severe or more drought conditions during 
1988–1990 and 1999–2000, which in turn was caused by the immanent anticyclonic systems over 
the eastern part of the Mediterranean basin (Rossi and Somma, 1995). Given the significant 
potential of the SPI to detect and characterize drought episodes, this research work focuses on the 
analysis of the index over Greece for three time scales; three, six and 12 months (SPI3,i, SPI6,i, 
SPI12; respectively). The main findings are concentrated in the spatial and temporal variability of 
the index in Greece using the EOBS gridded precipitation dataset (v.11). The EOBS dataset 
(Haylock et al., 2008) is the first publicly available daily gridded dataset covering the whole land of 
Europe at a high spatial resolution and is continuously updated, making it one of the most widely 
used datasets and a useful tool for the scientific community (Turco et al., 2013). This dataset 
provides daily timeseries for a long period; from 1950 until today (v.16). For the SPIi calculations, 
all precipitation data were converted to monthly values. Subsequently, the calculation of the index 
was made using the DrinC open-access software, which has been developed at the National 
Technical University of Athens (also see Tigkas et al., 2015). For all the SPIi values, the patterns of 
the means and trends are provided, as well as, an analysis concerning the moving average 
fluctuation of the index. These results are presented in the first and second part of Section 3, 
respectively. Moreover, the SPI anomalies for the most severe drought events in Greece are 
displayed, for comparison reasons through a series of maps, in the third part of Section 3. Finally, 
this work intends to illustrate the different characteristics of the SPI means and trends in individual 
elevation zones. The corresponding plots are provided in the final part of Section 3.  

2. DATASETS AND METHODS 

2.1 Description of the data used 

Monthly precipitation data were used as input for the SPI calculations, which are based on the 
EOBS gridded precipitation dataset (v.11.0).The EOBS dataset covers the whole land of the 
European continent and it is the result of the European research project ENSEMBLES 
(http://ensembles-eu.metoffice.com) and ECA&D (http://www.ecad.eu/). EOBS dataset was created 
using a large number of meteorological stations in Europe (including Greece, using the HNMS 
station data), after a process that involves spatial integration. This data provide the daily 
information of rainfall intensity, surface temperature, as well as, atmospheric pressure at sea level, 
in a grid of 0.25° x 0.25° spatial resolution. The algorithms used to create the dataset are updated 
continuously, in order to encounter errors and inconsistencies of the product, comparing to the 
grounded data. The latest version of the algorithm (v.16) was issued in September 2017 and the 
access of the data is freely available through the website of the program (http://www.ecad.eu/ 
download/ensembles/ensembles.php). EOBS data are considered reliable for calculating 
precipitation intensity and surface temperature in places where no measurements are available or 
incomplete, in Europe. Additionally, they have an advantage in comparison with other similar 
products, because of their high spatial resolution, as well as, the time series length; data cover the 
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period from 1950 to present. 
A dataset of 24 rain gauge stations well distributed over Greece (Figure 1), which belong to the 

Hellenic National Meteorological Service, was also used in order to crosscheck the individual 
results of SPI calculations. Furthermore, a digital elevation model of 30m spatial resolution has 
been used, for the distinction of the elevation zones and the match with the SPIi values (in section 
3.4). 

 

Figure 1. Meteorological stations and topography of Greece 

2.2 Methods 

The DrinC open access software was used for the calculation of the Standardized Precipitation 
Index. This software can also estimate the Reconnaissance Drought Index (RDI), the Streamflow 
Drought Index (SDI) and the Precipitation Deciles (PD), so this tool is useful for the estimation of 
the agricultural, meteorological or hydrological drought. Apart from the originally proposed 
methods of calculation for each index, DrinC incorporates alternative methods that allow the 
comparison of the results among the indices (Tigkas et al., 2015). Concerning the SPI calculations, 
it requires a long-term precipitation record, at which a probability distribution is fitted, usually 
gamma (Thom, 1958), which is then transformed into a normal distribution so that the mean SPI for 
the location and desired period is zero (McKee et al. 1993; Edwards and McKee 2015). Since the 
SPI is normalized, the positive values represent dry conditions while the negative values wet (see 
Table 1). In this context, SPI is the number of standard deviations that the observed value would 
deviate from the long-term mean, for a normally distributed random variable (Tigkas et al., 2015). 

 
Table 1. Classification scale for SPI values. 

SPI values ≥ 2.00 1.99 - 1.50 1.49 - 1.00 0.99 - -0.99 -1.00 - -1.49 -1.50 - -1.99 ≤ -2.00 

Category Extremely wet Very wet Moderately wet Near normal Moderately dry Severely dry Extremely dry 

 
Concerning the input data, DrinC calculations are based on the hydrological year (October – 

September). The main time scales are 1-month, 3-month, 6-month and annual SPI. However, it is a 
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flexible software, so the user can define other calculation steps and starting months. In this research 
work, the SPI3 means and slopes were estimated, in order to illustrate the particular seasonal 
characteristics. SPI6 was also calculated, which depicts the wet (SPI6,1) and dry (SPI6,2) period. 
Finally, SPI12 was taken into account as an annual index which is also useful for the moving 
average depiction and for the detection of the greatest anomalies for the period 1950-2014. After the 
aforementioned computations, an analysis concerning the moving average fluctuation as well as the 
computation of the most significant anomalies, in terms of severe drought events, was held. 
Because of the large number of the outputs, only selected results are displayed. For instance, there 
is a characteristic variation in the spatial distribution of the SPI12 moving average, which can be 
seen through four different maps (1950-1980, 1960-1990, 1970-2000 and 1980-2014).  

The calculation of the SPI anomalies was focused on the driest and hottest years within the 
examined period (1950-2014). According to Kostopoulou et al. (2017), who studied the temporal 
and spatial trends of the SPI using RCM outputs, the most severe drought episodes occurred in 
Greece were found in 1977, 1989–90, 1992–93 and 2000. Also, summer of 2007 and 2010 were 
particularly hot, and led to extensive fires. For these years, selected maps with the spatiotemporal 
distribution of the index are provided. Finally, an investigation of any relation between SPI and 
elevation was done, using GIS technics. For this purpose, the digital elevation model (DEM; 30 m 
spatial resolution) was divided into five elevation zones (Table 2.i) after taking into account the 
guidelines of SOil and TErrain Digital Database, SOTER (Dobos et al., 2005). In section 3.4, the 
mean values and mean slopes of SPI per elevation zone are illustrated. Due to the negative trends of 
the index in the lowest zones, a more detailed investigation was done, using a second classification 
with nine elevation zones (Table 2.ii), with smaller classes in low levels. 

 
Table 2. Elevation classification: i. Dobos et al., 2005, ii. Nine classes. 

i. Zone Elevation (m) ii. Zone Elevation (m) 
Α 0-200 Α 0-20 
Β 200-500 Β 20-50 
C 500-800 C 50-100 
D 800-1200 D 100-200 
Ε >1200 Ε 200-500 

		

F 500-800 
G 800-1000 
H 1000-1500 
I >1500 

3. RESULTS AND DISCUSSION 

3.1 SPI means and trends 

The analysis of SPI means demonstrates that SPI for all time scales is within its normal values 
for Greece. As Figure 2 displays, Southern Greece is characterized by positive values, especially the 
Eastern Peloponnese and Crete. The wider range in values is shown in SPI3,4, i.e., the summer 
quarter (Figure 2, right map, upper panel). This pattern is similar for all time scales; however, a 
comparison with the spatial distribution of the SPI trends leads to distinct characteristics per region. 
For instance, although there is a positive value of SPI mean in Eastern Peloponnese, this area has 
negative SPI values for both summer months (SPI3,4) and dry period (SPI6,2). In contrast, Attica 
region has negative mean values of SPI for all time scales and positive trends even in summer 
months, and this trend is close to the maximum observed in Greece. The combination of negative 
mean values and slightly decreasing trends can be observed in Northwestern Greece. 
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Figure 2. SPI means (upper maps) and trends (lower maps). Each index presents different spatial patterns. From left to 
right: SPI3,1(Oct-Nov-Dec), SPI3,2(Jan-Feb-Mar), SPI3,3(Apr-May-Jun), SPI3,4(Jul-Aug-Sep), SPI6,1(wet period), SPI6,2(dry period), SPI12(annual). 

3.2 SPI moving average 

In this section, the results concerning the moving average fluctuation are presented, based on the 
30-year SPIi means. Only spatial patterns of SPI12 per consecutive 30-years are displayed, and one 
can observe the differences in patterns of mean values (Figure 3). A similar image is given through 
the SPI means of the other time scales. A relative analysis of SPIi using the 24 stations precipitation 
data supports the finding that the fluctuation presents a significant spatial differentiation within the 
examined period. The 30-year SPIi means are close to the normal values of the index, however, the 
highest negative values are found in the period between1970-2000, which is the period that encloses 
the majority of drought events. Comparing these patterns with the temporal average, the second 
displays a smaller range in mean values, as expected. SPI6 patterns also reveal the spatiotemporal 
fluctuation of the index. From the view of spatial distribution, SPI3,4 is the most stable index; 
negative values are systematically observed in the North, while positive in the South, - a pattern that 
is in agreement with that of the temporal mean.  
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Figure 3. SPI12 means per consecutive 30-years. 

3.3 SPI anomalies 

Anomalies are a useful tool in meteorological applications, as they denote the departure of an 
element (SPIi, in our case) from the long-term average value (1961-1990 average, according to the 
international standard). As a general result in this analysis, anomalies range in space and time, while 
they are higher in Southern Greece. Its highest absolute value was calculated in the drought event of 
1989-1990, which corresponds to extremely dry conditions (SPIi < 2). According to the results, the 
most representative index seems to be the SPI6,1, which depicts the conditions of the autumn after 
the dry period, as well as, the SPI12 of the hydrologic year which encloses the drought event(s). The 
anomalies for these indices are displayed in Figure 4. The values of the anomalies in combination 
with the average values reveal the severity of these drought events. The SPI patterns for the other 
time scales, delimit a region of significant negative anomalies from the South up to Central Greece. 
Any exceptions of high negative anomalies in Northern Greece are found over lowlands; however 
this finding needs further investigation.  

3.4 SPI elevation patterns 

The calculation of the mean SPIi and the mean trend of SPIi for different elevation zones showed 
that there is a systematically negative trend in the lowest altitudes, up to the elevation of 200 m 
(Table 3). However, the analysis reveals that this general pattern varies spatially (e.g., the standard 
deviations of the means per zone are smaller in the South). All things considered, subjectivity in the 
elevation zones classification is another factor that influences these results. The unequal distribution 
of the area per zone also affects the results, comparing the values of the two selected classifications. 

 
Table 3. SPIi means and trends for different elevation zones (red dots indicate SPI values over the specific zones). 

 

Patterns for: SPI3,1 mean SPI3,2 mean SPI3,3 mean SPI3,4 mean SPI6,1 mean SPI6,2 mean SPI12 mean SPI3,1 trendSPI3,2 trendSPI3,3 trendSPI3,4 trendSPI6,1 trendSPI6,2 trendSPI12 trend

A 0.002 0.004 0.001 0.000 0.001 0.001 0.000 -0.015 -0.014 -0.012 -0.003 -0.019 -0.010 -0.020
B 0.001 0.004 0.001 0.003 0.001 0.001 0.000 -0.015 -0.011 -0.011 -0.003 -0.017 -0.010 -0.018
C 0.022 0.026 0.024 0.069 0.022 0.023 0.022 -0.013 -0.012 -0.011 -0.003 -0.015 -0.010 -0.016
D 0.025 0.030 0.025 0.051 0.027 0.025 0.026 -0.014 -0.009 -0.010 -0.005 -0.014 -0.009 -0.015
E 0.033 0.040 0.039 0.087 0.036 0.036 0.036 -0.010 -0.006 -0.007 -0.004 -0.009 -0.007 -0.011
F 0.019 0.027 0.021 0.062 0.021 0.020 0.021 -0.005 0.000 -0.002 0.002 -0.003 0.000 -0.003
G 0.006 0.009 0.005 0.045 0.005 0.005 0.005 -0.007 -0.013 -0.006 0.004 -0.014 -0.002 -0.013
H 0.013 0.016 0.012 0.092 0.012 0.013 0.011 -0.007 -0.014 -0.007 0.003 -0.014 -0.003 -0.015
I 0.002 0.006 0.000 0.016 0.001 0.001 0.001 -0.011 -0.019 -0.008 0.006 -0.020 -0.002 -0.020

A 0.012 0.016 0.013 0.029 0.013 0.012 0.013 -0.014 -0.012 -0.011 -0.003 -0.016 -0.010 -0.017
B 0.033 0.040 0.039 0.087 0.036 0.036 0.036 -0.010 -0.006 -0.007 -0.004 -0.009 -0.007 -0.011
C 0.019 0.027 0.021 0.062 0.021 0.020 0.021 -0.005 0.000 -0.002 0.002 -0.003 0.000 -0.003
D 0.020 0.020 0.021 0.086 0.019 0.019 0.019 -0.006 -0.006 -0.007 0.000 -0.007 -0.005 -0.008
E 0.007 0.011 0.006 0.055 0.006 0.007 0.006 -0.008 -0.016 -0.007 0.004 -0.016 -0.002 -0.016

                            
Elevation 

Zone

                     
Elevation 

Zone
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Figure 4. SPI12 and SPI6,1 anomalies for selected drought events. 



 E.G. Feloni et al.  326 

4. CONCLUSIONS 

This research work focuses on the analysis of SPIi means, trends, selected anomalies and 
elevation patterns, using the high resolution EOBS gridded precipitation data for the period 1950 - 
2014. The main findings are concentrated as follows: 

n SPIi means and 30-year moving average values are near the normal, with the lowest mean 
negative values in the period 1970-2000, when a large number of drought events occurred. 

n SPIi trends show that there is a slight positive trend in the Eastern Greece, and a 
systematically negative trend in the Northwestern part; a feature that is also illustrated through 
the computation of the moving average, which passes from positive to negative values for this 
region. 

n The estimation of the SPIi anomalies overall confirmed the severe drought events of the past. 
Generally, the most representative index for the detection of a severe drought of a year t is the 
SPI12,(t) and SPI6,1,(t+1). 

n Results regarding the patterns of means and trends across different elevation zones show a 
systematically high SPIi in the zone of 200-500m, while maximum negative trends appear in 
the zone of the lower altitudes (0-200m). However, further investigation of the relation 
between elevation and SPI is needed. 
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