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Abstract: Drought is one of the worst natural disasters. According to the Emergency Event Database, drought incidents affect 
more than 25% of all people affected by all types of weather related disasters, even though they represent only 5% of 
natural disasters worldwide. Identifying drought is, therefore, of major interest, since it is the basis towards assessing 
the impacts of drought and defining appropriate measures to mitigate their effects. In this paper drought is assessed in 
the three River Basin Districts of Peloponnese, Greece. Identification is achieved using two well known drought 
indices, the Standardized Precipitation Index (SPI) and the Reconnaissance Drought Index (RDI). Precipitation data 
utilised by both indices and temperature data used in RDI calculations through the estimation of potential 
evapotranspiration, were obtained from a number of stations in the area. Data processing is performed in Geographic 
Information Systems (GIS). Spatial and geostatistical functions are applied in a model builder tool. Also, mapping 
tools are employed to create map layouts. Descriptive statistics for each Water Basin are presented using Box and 
Whisker Plots. Finally, drought trends are detected and their statistical significance is evaluated using the Spearman 
and Mann-Kendal non-parametric tests. Sen’s slope is calculated to present a more accurate estimate of drought 
trends. Based on the meteorological time series used and the analysis of trends, Peloponnese cannot be considered a 
drought prone area for the recent past (period 1968 – 2008). 
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1. INTRODUCTION  

According to the Emergency Event Database, in the period 1995-2015, even though drought 
accounted for less than 5% of all natural hazards, more than one billion people were affected by 
droughts, that is more than a quarter of all people affected by all types of weather related disasters 
worldwide (CRED and UNISDR, 2015). In this regard, drought identification is essential, since it is 
the basis towards assessing the impacts of drought and defining appropriate measures to mitigate 
their effects. 

The present paper deals with the characterization of drought and the detection of trends, in 
Peloponnese. Two well-known drought indices are employed to characterize drought, while widely 
used non-parametric trend tests are applied in order to test the significance of trend in drought 
severity and consequently the magnitude of drought impacts. The Sen’s slope is also evaluated to 
determine the accuracy of trends. Graphs with timeseries of drought indices and thematic maps are 
used to illustrate the temporal and spatial distribution of drought in Peloponnese. 

2. MATERIALS AND METHODS 

2.1 Study area 

In this study, drought is assessed for the area of Peloponnese in Greece. According to Water 
framework Directive 2000/60/EC the study area is divided in three River Basin Districts. A 
subdivision of these River Basin Districts into seven Water Basins is proposed by the Greek Special 
Secretariat for Water of the Ministry of Environment and Energy, as documented in the River Basin 
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Management Plans. The area is covered by a network of meteorological stations, spatially 
distributed as shown in Figure 1. The set of 25 meteorological stations which were used in this 
study are also presented in Figure 1, along with the water basins of the area. The climate of the area 
is typical Mediterranean with a mean annual precipitation from about 750 mm to 1600 mm. 

 

Figure 1. The meteorological stations distribution in water basins in Peloponnese 

2.2 Data collection and analysis 

Since not all the stations have full timeseries of data, a selection was made based on several 
criteria, in order to use timeseries of adequate length with less possible missing data. The criteria 
used to select data are correlation coefficient, homogeneity between the stations, the range of years 
of each timeseries, and the number of missing data. The timeseries length finally used is forty years 
(1968 – 2008) and the meteorological data from the stations are monthly precipitation and monthly 
air temperature. 

Data timeseries were processed for the computation of the average precipitation and temperature 
over each basin. The weighted average precipitation was calculated according to the Thiessen 
polygons and then corrected for the deviation in the altitude, as precipitation is never uniform over 
the entire area of the basin. The same interpolation technique is followed also to compute average 
basin temperature. The interpolation technique was performed in a GIS-based software. Spatial and 
geostatistical functions are applied in a model builder tool for all needed iterations, for all the water 
basins and all the reference periods (as defined in drought indices section). 

2.3 Drought indices 

Drought severity is conventionally assessed through drought indices. In this study, the 
Standardised Precipitation Index (SPI) and the Reconnaissance Drought Index (RDI) were used. 
SPI (McKee et al., 1993) requires only precipitation data. RDI (Tsakiris and Vangelis, 2005), on the 
other hand, uses cumulative precipitation and potential evapotranspiration. Calculation of RDI is 
typically performed based on reference periods (3, 6, 9, 12-months) of the hydrological year 
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(Tsakiris et al., 2007). Potential evapotranspiration is calculated using Hargreaves method as 
proposed by Vangelis et al. (2013). Gamma distribution is applied in both indices for the specific 
study. According to these indices, drought severity can be categorized in mild, moderate, severe and 
extreme classes, with corresponding boundary values (-0.5 to -1.0), (-1.0 to -1.5), (-1.5 to -2.0) and 
(< -2.0), respectively. 

2.4 Statistical trend tests 

In order to detect the significance of trends in the RDI and SPI timeseries, trend analysis is 
carried out using non-parametric Mann-Kendall and Spearman's Rho tests. The Mann-Kendall and 
the Spearman's Rho tests (Yue et al., 2002) are appropriate for this analysis, since they are 
distribution-free, and can accommodate outliers, the first meaning that the underlying distribution 
may be unknown (Ferrari and Terranova, 2004). Moreover, Sen’s slope (Sen, 1968) was calculated 
to determine a more accurate slope of the trends (Gocic and Trajkovic, 2013). The tests were 
performed for four timescales according to the reference periods used in the calculation of drought 
indices. Linear regression trend was also calculated for reconnaissance assessment. 

3. RESULTS AND DISCUSSION 

The values of the indices are calculated for all water basins and reference periods. Results are 
visualised through graphs for temporal variations and through thematic maps for spatial distribution 
of drought. Indicatively, in Figure 2 the values of both indices are presented for the annual reference 
period for the years under study. Linear regression trends are also presented. As derived from 
Figure 2, small deviations appear among the two indices in temporal terms.  

 

Figure 2. Values of SPI and RDI in annual timescale for water basin GR33 

Regarding spatial analysis of the RDI patterns, thematic maps for every year illustrate the 
drought severity level (category) in each water basin. The map layouts created in a GIS-based 
software by applying projection. An example is presented in Figure 3 of the RDI index, for the 
hydrological year of 2007-2008. 

Drought years were categorized according to the severity level of drought for each water basin. 
Indicatively, for the GR33 water basin presented in Figure 4, 12 drought years are detected, 
corresponding to a 30% of the entire period. However, only 4 drought years falls within the extreme 
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and severe drought categories, representing 10% of the entire period. Therefore, it cannot be 
concluded that Peloponnese is a drought prone area. 

 

Figure 3. Thematic map presents drought/humidity categories, for the year 2007-08 

 

Figure 4. Number of years for each drought category of both indices, for water basin GR33 

Multi-year droughts are also investigated (Tsakiris et al., 2010). The analysis showed that only 
few multi-year droughts exist in all water basins comprising mainly two consecutive years. A three-
year drought was identified in the case of two of the basins only once in the entire timeseries. 

Finally, Box and Whisker Plots are used in order to examine the existence of seasonality. 
According to Kundzewicz and Robson (2000), seasonal variation can be detected with Box and 
Whisker Plots by combining a line-plot of the underlying average seasonal pattern. Specifically, if 
the boxes between each season have similar median and upper and lower quartiles then no 
seasonality exists. As derived from Figure 5, no seasonality exists in the values of RDI for the three 
months reference period. The same applies to all the water basins for all the calculated reference 
periods. 

The results of the non parametric trend tests are presented in Table 1 for the annual timescale. 
The values were compared with the value, z, of the standard normal distribution for the significance 
level of 0.05 (z = 1.96). Both tests lead to the same conclusions, since their z values are 
simultaneously above or below the threshold. Only two of the water basins seem to have significant 
trends (GR29 and GR33). 
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Figure 5. Box-and-Whisker Plots of RDI for each water basins GR27 and GR29, on a 3-month basis 

In Table 1, ‘+’ corresponds to the existence of significant trend while ‘-’ corresponds to the 
absence of significant trend. 
 

Table 1. Results of MK and SR tests,for the annual timescale and significance level 0.05 

Water 
Basins 

Kendall's 
tau 

Spearman's 
rs Ζ  ZSR 

(Spearman) 
Results of 

 MK test /SR test 
Sen's 
slope 

GR27 -0.187 -0.258 -1.689 -1.649 - / - -0.028 

GR28 -0.197 -0.303 -1.783 -1.959 - / - -0.019 

GR29 -0.326 -0.469 -2.948 -3.277 + / + -0.041 

GR30 0.036 0.027 0.315 0.169 - / - 0.004 

GR31 -0.033 -0.059 -0.291 -0.366 - / - -0.006 

GR32 -0.085 -0.122 -0.757 -0.760 - / - -0.014 

GR33 -0.267 -0.384 -2.412 -2.564 + / + -0.032 

4. CONCLUSIONS 

Drought analysis is performed in the area of Peloponnese, Greece. Two well-known drought 
indices are used, the SPI and the RDI. The main conclusions are summarized as follows: 

n The analysis revealed that no significant diferrences exists among the two indices in the 
temporal scale, whereas small deviations appear in the spatial scale. Significant diferences 
among the basins appear. 

n The area does not appear to be drought prone, especially in terms of severe and extreme 
drought, since less than 10% of the years used in the analysis are in these categories. 

n The non-parametric trend tests do not uncover significant trend in most of the basins. Only 
two out of seven basins show a significant negative trend. 

n No apparent seasonality is detected. 
n Very few multi-year droughts were detected comprising mainly two consecutive years. A 

three-year drought was identified in the case of two of the basins only once in the entire 
timeseries. 
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