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Abstract: Drought is a phenomenon that affects the island of Cyprus frequently, causing serious problems to the economy. Any 
contribution to the understanding and prediction of drought conditions will be a step towards mitigating drought 
impacts. The purpose of this study is to characterize drought by calculating the Standardized Precipitation Index (SPI) 
which is based on monthly precipitation data. The monitoring of drought during the hydrometeorological year 2007-
2008 is examined, based on the SPI. For this study, monthly precipitation data for all rainfall stations, comprising the 
network operated by the Meteorological Service of Cyprus, are used. These stations have more than 30 years of 
records, including the period from 1971 to 2008. The index was estimated for different time scales, thus quantifying 
the precipitation deficit during different months of the year. 
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1. INTRODUCTION 

Drought is a recurring phenomenon that affects a wide variety of sectors. Although, it is one of 
the major water related hazards, there is no universally accepted definition of drought. According to 
a water-resource-oriented definition which takes into account the water requirements related to 
biological, economic and social characteristics of a region, drought is referred to as a significant 
decrease of water availability during a long period of time and over a large area (Rossi, 2000). 
Generally, drought cannot be viewed solely as a physical phenomenon but it should be considered 
in relation to its impacts on the society. Therefore, according to its impacts, three categories of 
drought are considered: meteorological, agricultural and hydrological (American Meteorological 
Society, 1997). Meteorological drought is usually an expression of precipitation departure from 
normal conditions over a period of time, while agricultural drought occurs when there is not enough 
soil moisture to meet the needs of a particular crop at a given time. Hydrological drought refers to 
deficiencies in surface and subsurface water supplies. 

Drought can be monitored through the application of special indices which are based, mainly, on 
meteorological and hydrological data. A comprehensive analysis of drought indices is provided by 
Hayes (2004) and Wilhite (2005), while Tsakiris et al. (2007a) give an overview of drought indices. 

In the present study, the monitoring of drought during the hydrometorological year 2007-2008 
over Cyprus is examined by calculating the Standardized Precipitation Index (SPI). The SPI has 
been introduced by McKee et al. (1993) and it can be calculated for various time scales, reflecting 
the impact of drought on the availability of water resources, accordingly. The SPI calculation is 
based on the distribution of precipitation over long time periods. The long term precipitation 
records are then fitted to a probability distribution, which is subsequently normalized. For this 
study, monthly precipitation data for all rainfall stations, comprising the network operated by the 
Meteorological Service of Cyprus, are used. These stations have more than 30 years of records, 
including the period from 1971 to 2008. The SPI was estimated for different time scales. The basic 
advantages of using the SPI can be summarized in the simplicity of its calculation, the possibility to 
describe the drought on different time scales and its standardization which ensures independence 
from the geographical position. 
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2. MONITORING DROUGHT CONDITIONS 

2.1. Overview of weather conditions 

The 2007-2008 hydrometeorological year is the fourth consecutive year with annual area average 
precipitation well below normal (normal precipitation is considered as the 1961-1990 average). 
Figures 1a and 1b show the annual rainfall totals during the last 8 years. Since 2000, the first 4 
years were wet years. However, the drought episode which started in 2004 continued into the 
following years, up to the 2007-2008 hydrometeorological year, resulting in severe water shortages 
affecting all of the economic activities in Cyprus. The more recent drought developed into 
hydrological and agricultural drought, although the preceding years were relatively wet and the 
surface reservoirs were filled with water. The cumulative amount of rainfall during the period 
October 2007 – April 2008 was 237.8 mm which is about 51% of its normal value. This amount is 
the second lowest during the whole period of measurements in Cyprus that started at the beginning 
of the last century. The lowest ever was recorded during the year 1972-1973, with an annual rainfall 
amount of 212.7 mm, being very close to the 2007-2008 record. As a result, the dams in 2008 were 
almost empty and the government has imposed a number of saving measures in order to overcome 
the problem. 

The seasonal distribution of the precipitation during the 2007-2008 hydrometeorological year is 
shown in Figure 2. Details about the weather conditions that prevailed during this year are given in 
Table 1. As it is indicated by the graph of Figure 2 and Table 1, rainfall was well below normal in 
all months, with the highest recorded in December of 2007 (90.0 mm, i.e. 85% of its normal). In the 
rest of the months, precipitation was well below normal and long dry spells were recorded in all 
months. 

 

AREA AVERAGE PRECIPITATION (mm) IN CYPRUS 
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Figure 1a. Annual area average precipitation over Cyprus. 
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AREA AVERAGE PRECIPITATION IN CYPRUS - PERCENTAGE OF NORMAL 
PERIOD: (2000-01) - (2007-08)
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Figure 1b. Percentages of area average precipitation over Cyprus. 

Figure 3a shows the spatial distribution of the cumulative precipitation during the period of 
October 2007-April 2008, while Figure 3b shows the percentages of these values. The maps show 
that the lowest amounts of rainfall occurred in the eastern part of the island. Regarding temperature, 
the mean daily maximum and minimum temperatures were well above normal in most of the 
months, with the exception of December. However, it is noticeable that the temperatures recorded 
in March and April of 2008 were exceptionally high. On the average, in March, the mean daily 
maximum was 5oC above its normal value, while in April it was 3oC above normal. The extremely 
high temperatures in these two months were also accompanied by dust suspended in the atmosphere 
(originating from the Saharan desert), thus adversely affecting people with respiratory problems. 
Mean daily sunshine was also well above normal during most of the months, thus contributing to 
high evapotranspiration rates during the growing season. As a result of this situation, runoff was 
negligible and the dams with a total storage capacity of about 300 Mm3 were virtually empty (Table 
2). 
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Figure 2. Seasonal distribution of the area average precipitation during the period  

October 2007-April 2008 over Cyprus. 
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Table 1. Summary of the weather conditions during the period October 2007 - April 2008 over Cyprus. 

 Monthly 
Precipitation 

Cumulative 
Precipitation Dry Periods SPI Deviations from 

Normal Values SUNSHINE DUST 

Month Actual 
(mm) 

(%) of 
Normal 

(1961-90) 

Actual 
(mm)

(%) of 
Normal 
(1961-
1990) 

Number of 
Consecutive 

Days 
(<=2.0mm) 

Range of SPI Max     
(οC) 

Min    
(οC) 

(%) of 
Normal 

(1961-1990) 

Periods with 
Suspended Dust 

Oct-07 10.2 31 10.2 31 6/10-5/11 (31)  2.2 1.6 110  

Nov-07 39.9 75 50.1 58 22/11-5/12 (14)  1.4 1.1 102  

Dec-07 90.0 85 140.1 73 15/12-31/12 (17) 0.85 to  -1.71 (Οct-Dec) 0.4 0.0 98  

Jan-08 38.3 37 178.4 61 4/1-14/1 (11), 
17/1-23/1 (7) 0.06 to  -2.48 (Oct - Jan) -0.7 -1.7 117  

Feb-08 35.6 44 214.0 57 1/2-10/2 (10), 
19/2-29/2 (11) 0.04 to -2.81 (Oct - Feb) 0.5 -0.8 115 8/2 -10/2 

Mar-08 21.5 35 235.5 54 3/3-11/3 (9),     
15/3-27/3 (13) -0.15 to -3.20 (Oct - Mar) 5.0 3.2 117 7/3-10/3, 17/3-25/3

Apr-08 2.3 8 237.8 51 Dry -0.22 to -3.38 (Oct - Apr) 3.0 1.9 109 5/4-6/4, 9/4-15/4, 
22/4 

 

Figure 3a. Cumulative precipitation (mm) during the period October 2007-April 2008 over Cyprus. 

 

Figure 3b. Cumulative precipitation (%) during the period October 2007-April 2008 over Cyprus. 
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Table 2. Major dams in Cyprus and the corresponding water storage by the end of April 2008. 

INFLOW STORAGE  
Reservoir 

 
Capacity 

MCM 
October 

2007- April 
2008 

MCM  
% 

Kouris 115.000 6.358 2.606 2.3 
Asprokremmos 52.375 2.799 5.989 11.4 
Evretou 24.000 2.219 5.718 23.8 
Kalavasos 17.100 0.021 0.034 0.2 
Lefkara 13.850 0.003 0.115 0.8 
Dipotamos 15.500 0.009 0.063 0.4 
Germasoyia 13.500 0.447 0.083 0.6 
Arrminou 4.300 5.197 0.509 11.8 
Polemidia 3.400 0.055 0.991 29.2 
Mavrokolympos 2.180 0.063 0.340 15.6 
Vyzakia 1.690 0.013 0.379 22.4 
Xyliatos 1.430 0.189 0.645 45.1 
Argaka 0.990 0.556 0.447 45.1 
Pomos 0.860 0.375 0.319 37.1 
Kalopanagiotis 0.363 0.199 0.261 71.8 
Ayia Marina 0.298 0.157 0.119 40.0 
Achna 6.800 0.000 0.113 1.7 
Total 273.636 18.660 18.730 6.8 

2.2. Monitoring drought by using SPI 

In this section, an attempt is made to calculate SPI for the whole island with the use of the DrinC 
software that was developed by the Laboratory of Reclamation Works and Water Resources 
Management of the National Technical University of Athens, Greece (Tsakiris et al., 2007b). The 
temporal distribution of the regional SPI drought index for the whole island for the period 2001-
2008 is shown in Table 3. The estimated SPI is based on the monthly area average precipitation data 
which is estimated by integrating spatially point precipitation measurements using GIS techniques. 
The SPI is mainly positive during the first four years and negative during the rest of the period. 

 
Table 3. SPI regional drought index estimated from the monthly area average precipitation since 2001. 

YEAR OCT - DEC OCT - JAN OCT - FEB OCT - MAR OCT - APR OCT - MAY ANNUAL 

2001-02 1.58 1.5 1.21 1.12 1.28 1.26 1.31 

2002-03 0.24 -0.11 0.68 1.02 1.05 0.94 0.96 

2003-04 -0.09 1.79 1.67 1.17 1.03 0.9 0.82 

2004-05 -0.17 -0.08 -0.32 -0.57 -0.6 -0.53 -0.42 

2005-06 -0.59 -0.72 -0.88 -0.87 -1 -1.07 -0.99 

2006-07 -0.17 -0.73 0.03 -0.15 -0.25 0.26 0.23 

2007-08 -0.17 -0.87 -1.28 -1.58 -1.94 -1.98 -2.18 

 
Apart from the regional SPI, this index was also calculated for all the meteorological stations. 

Therefore, monthly precipitation data for all rainfall stations, comprising the network of 
meteorological stations operated by the Meteorological Service of Cyprus, were used. The stations 
selected have more than 30 years of records, covering mainly the period from 1971 to 2008. The 
index was estimated for different time scales thus quantifying the precipitation deficit during 
different months of the year. Figures 4a – 4e show the evolution of the SPI during various time 
intervals, starting from the period of October – December (SPI for the first three months). During 
this period, most of the stations exhibit negative values. The index ranged from 0.6 to -1.7. 
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Moderate dry and very dry conditions occurred in isolated areas in the southern part of the island. 
January was extremely dry and therefore the SPI index during the period of October-January was 
negative in almost all areas, thus extending the area of severe drought conditions to the eastern part 
of the island. In some locations in the central and southern part of the island, the SPI was below -
2.0. Rainfall deficiencies continued in the next months, so during the period October-April, the area 
affected by severe drought conditions covered the whole eastern part of the island. In some 
locations, SPI values were below -3.0, indicating extremely severe drought conditions. As a result 
of this situation, the growth of cereals was stopped and the yield of most crops was lower than in 
normal seasons. To overcome this problem the government has imposed restrictions to the use of 
water. The Water Boards of the districts have decided to reduce the supplies of water by 30 %. By 
implementing this decision, each house had water every 12 out of 48 hours. Similar restrictions of 
water supplies were also imposed to the agricultural sector. 

3. CONCLUSIONS 

Severe drought conditions occurred over Cyprus during the hydrometeorological year 2007-
2008. In some locations in the southern and eastern parts of the island, SPI values were below -3.0 
indicating extremely severe drought conditions. As a result of this situation, the growth of rainfed 
crops ceased and the yield of most crops was lower than in normal seasons. The combination of low 
levels of rainfall associated with higher than normal temperatures has led to the death of a number 
of forest trees even those that are considered more resistant to drought conditions, such as pines and 
cypress trees. Generally, the drought had adverse impacts on agriculture, the environment, the 
social life and on the country’s economy, as a whole. 

From the analysis presented in this paper, it may be concluded that the SPI can be used for 
drought assessment and monitoring. The calculated indices can be used effectively to analyze 
drought conditions and possibly can be used by an expert system to predict and assess the effects of 
drought on various sectors of the economy. The Meteorological Services should prepare a Monthly 
Drought Monitoring Bulletin, which will include monthly climatological summaries, dominant 
synoptic systems as well as seasonal forecasts. 

A critical component in drought management is the continuous observation and evaluation of the 
development of a drought event. In fact, in order to detect the onset of a drought, crucial variables 
of the basin’s water balance should be permanently monitored, not only during a drought situation. 
Proper water resources management needs permanent collection, storing and processing of data 
related to precipitation, river flows, dam inflows and outflows and aquifers, and evaporation 
elements. A continuous forecast of the expected water resources, evaluation of water demands and 
improving the effectiveness of water use and mitigation measures will be essential to develop a 
drought monitoring plan. Monitoring mechanisms should be used to decide whether the drought 
response is having its intended effect and to provide the required information needed to evaluate the 
performance of the drought management plan in alleviating the effects of drought. 

The above analysis shows that drought management should not be treated as an isolated problem 
but as an integral and key factor in sustainable development. Since 75% of the water demand in 
Cyprus is devoted to Agriculture, farmers should be encouraged to develop a range of flexible 
contingency plans that protect soil, climate and vegetation. 
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Figure 4a. The evolution of SPI index during the period of Oct. 2007 - Dec. 2007 

 

Figure 4b. The evolution of SPI index during the period of Oct. 2007 - Jan. 2008 
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Figure 4c. The evolution of SPI index during the period of Oct. 2007 – Feb. 2008 

 

Figure 4d. The evolution of SPI index during the period of Oct. 2007 – Mar. 2008 
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Figure 4e. The evolution of SPI index during the period of Oct. 2007 – Apr. 2008 
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