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Droughts have become one of the most challenging issues in hydrological 
sciences due to their major socio-economic impacts all over the world. In the 
context of the everyday water resources management practice, the identification 
and evaluation of droughts are mainly based on simplified indices, which are 
estimated through easily accessible information. In this work, we employ 
several meteorological indices, i.e. Standardized Precipitation Index (SPI), 
Standardized Precipitation and Evapotranspiration Index (SPEI), 
Reconnaissance Drought Index (RDI), Palmer Drought Z Index, and Palmer 
Drought Severity Index (PDSI), in order to evaluate the severity and duration of 
the observed drought events. The main purpose of this study is to underline the 
difference in the onset time of drought, the distance between events, and the 
discrepancies in the magnitude assessment for the same event. Various 
temporal aggregation scales, from one month to one year, have been considered 
in order to investigate the impacts of the adopted time scale on the drought 
characteristics. Our analysis focuses to the Mediterranean region, using data 
from Southern Italy and Greece. 

1. Abstract - Introduction 



2. Areas of interest 

Figure 1: Map of the Mediterranean basin, indicating the two islands of interest (i.e. Sicily 
and Crete), as well as the locations of the associated meteorological stations. 



3. Climatology 
For both islands, the diagrams indicate typical Mediterranean climatic patterns, 
with hot and dry summers and mild and wet winters. 

Figure 2: Normalized monthly rain for Crete (2a) and Sicily (2b), normalized monthly temperature 
for Crete (2c) and Sicily (2d); average monthly temperature for Crete (2e) and Sicily (2f).  
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4. Datasets 
Raw data comprises monthly rainfall and average monthly 
temperature from several stations over Sicily and Crete: 

• Data for Sicily are available at Osservatorio delle Acque 
Regione Sicilia; here we considered data from stations 
equipped with both pluviometer and thermometer (35 
time series in total, with length up to 87 years). 

• Data for Crete are available from the National 
Meteorological Service and the Ministry of Environment 
of Greece, and include rainfall time series at 16 stations 
and temperature time series at only 4 stations; the rest of 
temperature data were empirically estimated by: 

T(z) = c T0 (z – z0) / 100 

 where T(z) is the monthly temperature at elevation z, T0 is 
 the temperature at elevation z0, and c is a seasonally 
 varying parameter (temperature slope), for which typical 
 values over the Mediterranean are given in Table 1. 

Table 1: Typical 
temperature slope 
values across the 
Mediterranean 



5. Timescale 

To investigate the impact of time scale over drought estimations, we used three 
aggregation scales, i.e. one month, six months and one hydrological year (starting 
October 1st, for the Mediterranean climate), and then we applied the following 
drought magnitudes: 0 = non drought; 1 = moderate; 2 = severe; 3 = extreme. 

Figure 4: Diagram of SPI for different aggregation times: a) one month, b) six months, c) 12 months. 
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6. Standardized precipitation index 

where c0, c1, c2, d1, d2, d3 are dimensionless coefficients. 



7. Standardized Precipitation and Evapotranspiration 
Index 

where c0, c1, c2, d1, d2, d3 are dimensionless coefficients. 



8. Reconnaissance Drought Index 
Reconnaissance drought index is based on the ratio between the aggregated 
precipitation and potential evapotranspiration, which is evaluated through the 
Thornthwaite method. 

where PET is the potential evapotranspiration 
by the Thornthwaite formula. 

Table 2: Drought class conversion chart 
from non drought state, to severe 
drought, for the three standardized 
indices (SPI, SPEI, RDI). 

Index Value Drought classes Code 

-1 or more Non-drought 0 

-1 to -1.5 
Moderate 
drought 

1 

-1.5 to -2 Severe drought 2 

-2 or less Extreme drought 3 



9. Palmer’s Indices 
Palmer’s indices are widely used meteorological indices (mostly by government 
agencies in the United States). 

PDSI is more used in long term prediction, wile Z- Index is more reliable in 
short term moisture deficiencies.  

Index value Drought classes Code 

-1.99 or more Non-drought 0 

-2 to -2.99 Moderate drought 1 

-3 to -3.99 Severe drought 2 

-4 or less Extreme drought 3 

Table 3: Drought class conversion chart from 
non drought state, to severe drought, for 
both Palmer’s and Z-indices. 

where Xi is the current PDSI, Xi – 1 is the 
PDSI of the previous month, and Zi is 
the Z-Index.. 



10. Results 
The results of the analysis for each pluviometer have been distributed over the 
region by using the Thiessen polygons. As control parameter have been chosen 
the magnitude, duration and distance between events. 

Figure: 5 a), b), c) Comparison 
between percentage of events for 
each class in Crete and Sicily; 
aggregation time 1, 6, 12 months. 

Figure: 6 a), b) Comparison of 
average distance and duration  
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11. Results 

Figure 7: Correlation between indices for the two islands: a) 
SPI, b) SPEI, c) RDI, for one month aggregation time. 

Finally we investigate the behavior of the two islands under drought conditions, 
by comparing the different indices: 

Index Correlation 

SPI 0.97 

SPEI 0.28 

RDI 0.23 

PDSI 0.09 

Z Index 0.10 

(a) (b) (c) 

Table 4: Correlation coefficient 
between indices for monthly 
time scale of aggregation. 



12. Conclusions 

• All indices indicate similar drought characteristics for the two islands, for all 
aggregation scales, in terms of intensity, duration and distance between 
drought events. 

• The SPI indices of the two islands are highly correlated, the SPEI and RDI 
exhibit moderate correlation, while PDSI and Z Index do not indicate any 
correlation. 
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