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 This paper tries to express evaluation of droughts standard precipitation index (SPI) in 

three timescales including 6, 12, and 24 months using precipitation data of 13 

meteorological stations from 1996 to 2011 located in Yazd- Ardakan. For this aim, 
precipitation map of each period and standard deviation maps were provided by 

elevation-precipitation relationship and digital elevation model (DEM) in ArcGIS9.3 

environment. Then SPI in timescales of 6, 12 and 24 months was obtained using 
precipitation maps. The results showed that the most severe annual drought (-1.92) 

occurred in 1999, also the most severe amount of SPI for first six-months (-1.1), second 

six-months (-1.4) and 24 months (-1.5) occurred in 2008, 1999 and 2011 respectively in 
Yazd- Ardakan plain. In recent years, annual SPI index and first six-month SPI index in 

each year have less fluctuation, but second SPI index of six-months has higher 

fluctuation.  
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INTRODUCTION 

 

 Out of forty disasters that exist in the world, 31 cases have been occurred in Iran. Drought is one of the 

most important disasters because of its expansion and short-and long term economical, social and environmental 

consequences in contrast to other disasters. Drought slowly starts, improves and causes resources destruction 

[14]. Drought directly affects communities through changes in the abundance or availability of food, water and 

energy resources; it also has direct effects on the environment [15]. Although, today due to scientific progresses, 

open communications and transportation, drought effects occur less as famine and collective deaths, but other 

effects of drought still persist, [10]. Drought is a phenomenon that occurs repeatedly and also occurs in any 

climate [19].  

 Occurring in the dry belt of the world and creation of special synoptic condition Iran have caused 

occurrence of drought phenomenon, [8]. Drought threats fertile lands and make lands susceptible to degradation 

and desertification, [26].  

 In 2000, severe droughts occurred in southeast Europe, Middle East, and some parts of central Asia and 

China that affect Afghanistan, Bulgaria, Iraq and Iran [7]. Based on information obtained from national climatic 

data center of U.S.A, during two last decades of twentieth century, with increasing the frequency of drought 

events and also increasing of their severity, damages of this climatic phenomenon have increased significantly 

in the United States. Based on data of this centre, during 1980-2003 from 58 cases of recorded natural hazards 

related to climate, 10 cases were in relation to drought phenomenon. This center estimated that total climatic 

hazards damages were about 349 billion dollars out of which 144 billion dollars were losses due to drought. 

Therefore about 17.2 percent of climatic hazards were due to drought, but losses due to this creeping 

phenomenon were about 41.2 percent, [21].  

 In order to assess drought, various and variables methods have been introduced. Meteorological phenomena 

of drought are a combination of atmospheric and soil moisture deficit that are characterized when water balance 

is negative. Thus, ecological complexity of vegetation and soil in arid and semiarid climates has caused changes 

in drought coefficients. Quantitative assessment of drought condition started in 1887, when UK meteorological 

organization has identified differences between absolute drought (a period with precipitation bellow 0.2 mm per 
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day) and partial drought (a period of 29 day that have an average bellow 0.2 mm per day) [23]. Mckee et al. [20] 

developed the Standardized Precipitation Index (SPI) to determine and monitor drought and to determine lack of 

rainfall for temporal scales of 3, 6, 12, 24 and 48 month. In order to zonation drought in Portugal a regional 

distribution model was used, and zonation maps of drought, drought curves of intensity, duration and frequency 

were provided [13]. Benjamin and Saunders [4] studied relationship of drought frequency and duration in 

different temporal scales in Europe, and concluded that drought frequency is higher in short timescales but 

drought duration is higher in long timescales. 

 Hayes et al. [9], assessed drought of 1996 in Clorado State of United States and showed that SPI has had 

acceptable results in determining the time of drought starting and drought progress, and gives even more 

performance than Palmer Index in monthly scales. Dossou and Somalia [6], corrected the SPI for zero 

precipitation values in assessing meteorological drought of West Africa.  

 Barouti et al. [2] used SPI as one of the most common meteorological indices that used for drought studies 

and drought analyze based on temporal scales of 3, 6, 12 and 24 months and showed that SPI with timescales 

longer than 12 months is most appropriate to study wet and dry; but this index must be used cautiously in 

timescales of six months and lower.  

 Based on performed studies in Iran, a higher percentage of statistical years have belonged to low and 

moderate degree of drought. In 3-month scale, a higher percent of statistical years is belonged to low and normal 

drought in fall and winter probably due to maximum precipitation in these seasons [28]. Moalemi et al. [22] 

used SPI to estimate and compare drought in selected meteorological stations of Ivano-Tourani climates. Their 

results showed that SPI exhibited the most intense drought for 2000 in all three timescales of 3, 5 and 9 month. 

They also concluded that drought period was more obvious in 3-month timescales than others two scales.  

 Di Lena et al. [17] used SPI concluded that due to the complexity of drought in the Mediterranean region, 

accurate recording of data is necessary to study in spatial and temporal scale drought in central Italy.  

 Khan et al. [16] concluded that SPI has no capability to separate wet and drought periods in small temporal 

scale in Sindh region of Pakistan. 

 Hua Xie [27] used SPI to study drought in three scales of 3, 6 and 12 months in Pakistan; and three drought 

periods (late 1960s to early 1970s, mid-1980s and late 1990s to early 2000s) detected.     

 In this investigation, it is assumed that SPI is one of the most appropriate indices to analyze past drought. 

The main purpose of this study is evaluation of climatic drought patterns in Yazd-Ardakan plain from 1996 to 

2011 using SPI.  

MATERIALS AND METHODS 

Study Area:  

 Khezr Abad region covers an area of approximately 782 square kilometers located in the center of Iran, 10 

Km from Yazd city, Geographical of the study area is 31º 45´ to 32º 15´ northern latitudes and 53º 55´ to 54º 20´ 

eastern longitudes.  

 Yazd-Ardakan region covers an area of approximately 11,775 km
2
 located in Center of Iran, geographical 

of the study area is 31º 15´ to 32º 15´ northern latitudes and longitudes 53º 15´ to 54º 50´ eastern longitudes. 

About 4117 km
2
 of the region (34.97%) are main plain, 3895 km

2
 (33.07%) hills, sandy area, salt marshes and 

sand dunes; and 3763 km
2
 (31.96%) are single marginal and foothill plains, (Fig. 1). The climate of this region 

is cold and arid based on Amberjack climate classification. 

 

Methodology: 

 First by assessing data of meteorological station in the study area, precipitation data of 13 stations were 

selected in period from June 1996 to December 2011. The stations’ names, location and elevations are shown in 

figure 2 and table 1.  

 
Table 1: Names, location and elevation of the concerned meteorological stations. 

Elevation (m) Latitude Longitude Name of Station 

1104 32° 18' 55" N 54° 01' 55" E Ardakan 

1140 31° 59' 31" N 54° 11' 54" E Ashkezar 

2182 31° 22' 43" N 54° 20' 27" E Tange Chenar 

1900 32° 24' 33" N 54° 30' 14" E Chah Matok 

1200 31° 47' 59" N 54° 30' 27" E Khavidak 

2110 31° 45' 25" N 54° 11' 25" E Tezerjan 

1690 31° 33' 29" N 54° 14' 41" E Tezenj 

1274 31° 54' 13" N 54° 35' 09" E Fahraj 

1273 31° 46' 52" N 54° 25' 56" E Mohamad Abad 

2214 31° 31' 41" N 54° 26' 55" E Manshad 

1456 31° 35' 07" N 54° 26' 55" E Mehriz 

1116 32° 13' 06" N 53° 59' 00" E Meybod 

1230 31° 54' 13" N 54° 17' 02" E Yazd 

 

http://link.springer.com/search?facet-author=%22B.+Di+Lena%22
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Fig. 1: Location of the study area. 

 

 
 

Fig. 2: Location of the concerned meteorological stations. 
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 SPI is calculated based on difference between amount of rainfall in each month and average of rainfall in a 

defined period divided by standard deviation of rainfall in the same period. Timescales can be 3, 6, 9, 12, 24 and 

48 months. In this investigation timescales of 6, 12 and 24 months were used. SPI was calculated from the 

following relations:  

                                                     (1) 

Where: 

 = precipitation of the defined period, = average of precipitation in the period, S = standard deviation, and n 

= number of data in a defined period.  

In Table 2, the numeric interval of various classes of this index is shown, that in order to droughts being more 

visible, number of classes has increased.  

 
Table 2: Drought categorization values [20]. 

SPI values Class 

>2 Special  Wet 

1.6 – 2 Extreme Wet 

1.3 – 1.6 Severe  Wet 

0.8 – 1.3 Medium  Wet 

0.5 – 0.8 Small  Wet 

-0.5 – 0.5 Normal 

-0.8 – -0.5 Small Drought 

-1.3 – -0.8 Medium Drought 

-1.6 – -1.3 Severe Drought 

-2 –  -1.6 Extreme Drought 

<-2 Special Drought 

 

 In this study in order to obtain SPI, at the first precipitation map of each period was prepared in ArcGIS9.3. 

To do this, elevation-precipitation diagram of each period was provided using elevation and precipitation of 

meteorological stations, and then relationship between elevation and precipitation for each period was obtained 

using this diagram. Figure 3 shows the elevation-precipitation diagram in 1996 for an example. 

 

 
 

Fig. 3: Elevation-precipitation diagram of 1996. 

 

 Then in ArcGIS9.3, DEM map with an accuracy of 30m was inserted in equation 1 instead of each station 

elevation, and precipitation map of each period was obtained. After obtaining precipitation map using 

ArcGIS9.3, precipitation map of each period was inserted in SPI equation. Finally, SPI map of defined period 

was obtained by the map obtained from precipitation map in each period minus map of average precipitation of 

total period divided on map of standard deviation. 

 

Results: 

 Figures 4, 5 and 6 show Digital Evaluation Model (DEM), standard deviation of annual precipitation and 

distribution of the mean annual precipitation of the study area, respectively.  
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Fig, 4: DEM of Yazd-Ardakan Plain.                    Fig. 5: Standard deviation of annual precipitation. 

 
Fig. 6: Mean annual precipitation of Yazd-Ardakan Plain. 

 

 Figures 7 to 12 show drought maps of Yazd- Ardakan plain in different years.  

 

          
 

Fig. 7: Zonation map of annual drought (1999).  Fig. 8: Zonation map of annual drought (2008). 
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Fig. 9: Zonation map of annual drought (2011).          Fig. 10: Zonation map of 24-month drought  

        (2010-2011). 

            
Fig. 11: Zonation map of first six-month.   Fig. 12: Zonation map of second six-month 

  drought (2000).       drought (1996). 

 

 Afterwards, average of SPI values for each timescales shown in table 3 was obtained by ArcGIS9.3. Figures 

13 to 16 show temporal diagram of SPI in each period. 

 
Table 3: Average of SPI values (1996-2011). 

Biennial  SPI Second  six-month  SPI First  six-month SPI Annual SPI Year 

 
-0.46 

-1.16 0.02 -0.79 1996 

-0.1 0.28 0.35 1997 

 

0.48 

2.3 -0.44 2.4 1998 

-1.4 -0.51 -1.92 1999 

 

0.15 

-0.07 -1 -0.36 2000 

0.9 -0.72 0.49 2001 

 
2 

0.37 1.76 1.16 2002 

0.86 0.11 0.77 2003 

 

-0.37 

1.2 0.25 0.4 2004 

-0.43 -0.82 -0.76 2005 

 

0.08 

0.44 -0.54 0.39 2006 

-1.2 1.75 -0.31 2007 

 
-0.4 

-0.36 -1.1 -0.74 2008 

-0.42 2 0.35 2009 

 

-1.5 

-0.7 -0.2 -0.82 2010 

-0.29 -0.85 -0.64 2011 
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Fig. 13: Diagram of annual SPI.   Fig. 14: Diagram of Biennial SPI. 

 

   
Fig. 15: Diagram of First six-month SPI.  Fig. 16: Diagram of second six-month SPI. 

 

Discussion and conclusion: 

 The lag correlations provide a guideline for exploring the potential for forecasting hydrological drought 

ahead. Drought forecasting is important for drought risk management and water resources planning. Rainfall 

data are widely used to evaluate drought forecasting because this is a suitable criterion to measuring water 

resources and showing drought effects in various temporal and spatial periods [24]. Precipitation is only data 

that needed to evaluate drought using SPI. In this study SPI was used to zonation drought in Yazd-Ardakan 

plain, Iran. SPI was provided by precipitation map in ArcGIS9.3 environment. On the other hand, the 

precipitation map of each period was used instead of precipitation data of stations in SPI equation (Eq. 1). In this 

method SPI is calculated by pixel-by-pixel; so it seems that this method is more appropriate than other methods. 

However, this needs more study.  

 Based on SPI results (Table 3) in the study area the most severe amount of annual drought (-1.92, Fig. 13), 

first six-month (-1.1, Fig.15), second six-month (-1.4, Fig. 16) and 24-month SPI (-1.5, Fig 14) occurred in 

1999, 2008, 1999 and 2011 respectively.  

 Fig.8 shows that drought has been convergent in some years in Yazd-Ardakan, this means that toward the 

plain center SPI became more negative, and vice versa in some years drought was divergent that means that SPI 

became more negative further away from the center (for example 1998, Fig. 7). The maps of drought zonation 

showed that extent and trend of drought not depend to elevation (above sea level). This result confirms the 

results of Bazrafshan et al. [3] and Chenari et al. [5]. It is suggested that in addition to assess drought effect on 

quantitative indices, such as groundwater table and qualitative indices such as groundwater table, quality indices 

of surface water and etc it must be determine which type of drought is worse, convergent or divergent. 

 According to the temporal diagrams of annual SPI and second six-month SPI, drought severity had been 

decreased in recent years in Yazd-Ardakan plain, while drought continuity had increased. Using standard 

precipitation index, Ansari and Davari [1] in evaluating drought in Khorasan province (Iran), Heidari and 

Yazdani [11] Sahar-e-Kord (Iran), Heidari and Yazdani [12] in evaluating droughts in western provinces of Iran,  

Lopez-Bustins et al. [18] in Italy, Viste et al. [25] in Ethiopia and Yazdani et al, [28] in analyzing drought 

frequency and droughts zoning of Iran obtained same result. But the temporal diagram of first six-month in each 

year was not in accordance with these results and fluctuations of drought severity had been increased recently. 

Mean while, the temporal diagram SPI for 24-month showed that this index had not any trend in this scale.  

 The hydrological drought events will affect on the agriculture in the region which mainly depends on river 

flow. According to the United Nations report, more than 2.6 million ha of irrigated farms, 4 million ha of rain 

fed agriculture and 1.1 million ha of orchards were affected by 2001 drought in Iran. With regard to the extreme 

and severe hydrological droughts observed in the region, the managers and policy makers should identify the 

http://link.springer.com/search?facet-author=%22Joan+A.+Lopez-Bustins%22
http://link.springer.com/search?facet-author=%22Joan+A.+Lopez-Bustins%22
http://link.springer.com/search?facet-author=%22Joan+A.+Lopez-Bustins%22
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drought affected sectors and sub-sectors and develop models for crisis   management and risk management 

before, after and during droughts. 

REFERENCES 

 

[1] Ansari, H., K. Davari, 2007. Zoning of dry period using standardized index in GIS (case study: Khorasan 

province), Journal of Geographic research, 60: 97-108.  

[2] Barouti, H., R. Avali, S. Emam Gholizade, 2009. Analyzing and monitoring drought indices using SPI 

index in Ghazvin province, international conference of water Resources, Shahrood Uninversity.  

[3] Bazrafshan, A., M. Mohseni, A. Malekian, A. Moeini, 2011. Evaluation of drought condition in Golestan 

province using SPI standard precipitation index, scientific-research Journal of Rangeland and Desert 

researches of Iran, 18(3): 395-407.  

[4] Benjamin, L.H. and A. Saunders, 2002. A drought climatology for Europe Int. J. climatol., 22: 1571-1592.  

[5] Chenari, M., M. Sajadi, M. Zanganeh Kamali, 2011. The study independence meteorological droughts 

from height in south of Alborz Region, Journal of Irrigation Engineering, 34(2). 

[6] Dossou, G. and M. Soumaila, 2007. Analysis of drought in Burkina Faso by using Standardized 

Precipition Index. In: The Pyrenees International Workshop on Statistics, Probability and Operations 

Research. 12-15 September. Jaca. 

[7] Eivazi, M., A. Mosaedi, A. Dehghan, 2009. Comparison of different approaches for predicting SPI, J. 

water and soil conservation, 16(2): 145-16. 

[8] Forest, Rangeland and Watershed Organization, 2003. National plan of desert greening and reduction of 

drought effects in Repablic Islamic of Iran, poneh publication, Tehran, 7.  

[9] Hayes, M.J., M.D. Svoboda, D.A. Wilhite and O.V. Vanyarkho, 1998. Monitoring the 1996 drought using 

the Standardized precipitation Index. Bull. Am. Meteorol. Soc., 80(3): 429-437. 

[10]  Hayes, M.J., M.D. Svoboda, D.A. Wilhite and O. Vanyarkho, 1999. Monitoring the 1996 drought using 

the Standardized Precipitation Index. Bulletinof the American Meteorological Society, 80(3): 429-438. 

[11] Heidari, M., V. Yazdani, 2008a. Monitoring severity and duration of meteorological drought in seasonal 

and yearly scale, Drought symposium in Chahar Mahal va Bakhtiari, Iran, and ways to cope with it.  

[12] Heidari, M., V. Yazdani, 2008b. Comparative study of five meteorological drought index Northwest of 

Iran, Drought symposium in chahar mahal va Bakhtiari, Iran, and ways to cope with it.  

[13] Henriques, A.G. and M.J. Santos, 1998. Regional drought distribution Model. Phys, Chem, Earth, 24. 

[14] Kardovani, P., 2002. Drought and ways to cope with it in Iran. Tehran University publication, page 198.  

[15] Karimi, V., M. Habib, Nejad, A. Abkar, 2011. The study of meteorological drought index in synoptic 

stations of Mazandaran, Journal of Irrigation and Water Engineering, 2(5).  

[16] Khan, M.A., M.S. Gadiwala, 2013. A Study of Drought over Sindh (Pakistan) Using Standardized 

Precipitation Index (SPI) 1951 to 2010, Pakistan Journal of Meteorology, 9(18). 

[17]  Lena, B. Di., L. Vergni, F. Antenucci, F. Todisco, F. Mannocchi, 2013. Analysis of drought in the region 

of Abruzzo (Central Italy) by the Standardized Precipitation Index, Theoretical and Applied Climatology, 

10.1007/s00704-013-0876-2. 

[18] Lopez-Bustins, J., D. Pascual, E. Pla, J. Retana, 2013. Future variability of droughts in three 

Mediterranean catchments, Natural Hazards, De, 69(3): 1405-1421. 

[19] Mahdavian, A., S. Javanmard, 2004. The vole of meteorological prognosis in Food security and reduction 

of agricultural crop wastes; symposium of methods to prevent national resources including: water, energy, 

drug, bread, other foods, time and other national resources, Tehran, pp: 271-282.  

[20] Mckee, T.B., N.J. Doesken and J. Kleist, 1993. The relationship of drought frequency and duration to time 

scales 8 Conf, Applied climatology. 

[21] Mishra, A.K. and V.P. Singh, 2010. A review of drought concepts. Journal of Hydrology, 391: 202-216. 

[22] Moalemi, M., M. Khodagholi, R. Sabouh, L. Yaghmaii, 2011. Evaluation of precipitation standard index 

in estimating and comparison the droughts of selected stations of vegetative climates in Iran-va-Touran, 7
th

 

national symposium of watershed science and engineering in Iran, Esfahan University of Technology.  

[23] Rahimi, D., S. Movahedi, H. Barghi, 2009. Evaluation of drought severity using precipitation normal 

index (case study; sistan va Baluchestan, Iran), Journal of Geography and Environmental planning, 20
th

 

year, winter 2009, 36: 43- 56.  

[24] Steinemann, A.C., L.F.N. Cavalcanti, 2006. Developing multiple indicators and triggers for drought plans. 

J. Water Resour. Plann. Manage. ASCE, 132(3): 164-174. 

[25] Viste, E., D. Korecha, A. Sorteberg,  2013. Recent drought and precipitation tendencies in Ethiopia, 

Theoretical and Applied Climatology, 112(3-4): 535-551. 

[26] World Meteorological Organization (WMO), 1997. “Climate  Drought and Desertification”, Geneva, 

Switzerland, 5: 869. 

http://link.springer.com/search?facet-author=%22B.+Di+Lena%22
http://link.springer.com/search?facet-author=%22L.+Vergni%22
http://link.springer.com/search?facet-author=%22F.+Antenucci%22
http://link.springer.com/search?facet-author=%22F.+Todisco%22
http://link.springer.com/search?facet-author=%22F.+Mannocchi%22
http://link.springer.com/journal/704
http://link.springer.com/search?facet-author=%22Diana+Pascual%22
http://link.springer.com/search?facet-author=%22Eduard+Pla%22
http://link.springer.com/search?facet-author=%22Javier+Retana%22
http://link.springer.com/journal/11069
http://link.springer.com/search?facet-author=%22Diriba+Korecha%22
http://link.springer.com/search?facet-author=%22Asgeir+Sorteberg%22
http://link.springer.com/journal/704
http://link.springer.com/journal/704/112/3/page/1


2514                                                                        E. Haydari et al, 2014 

Advances in Environmental Biology, 8(7) May 2014, Pages: 2506-2514 

[27] Xie, H., C. Ringler, T. Zhua, A. Waqas, 2013. Droughts in Pakistan: a spatiotemporal variability analysis 

using the Standardized Precipitation Index,Water International, 38(5): 620-631, http://dx.doi.org /10.1 

080/02508060.2013.827889. 

[28]  Yazdani, V., H. Zareh, M. Shademani, 2011. Frequency analysis and drought zonation of Iran siung the 

Standardized Precipitation Index, Journal of Water Resources Engineering, 4: 31-43.  

http://dx.doi.org/

