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Abstract 

Awareness of the drought situation with the prediction and area of the drought severely could reduce the loos of 

this phenomenon in a significant level. Therefore, the aim of this study is to evaluate the drought alternation trend in 

various Kurdistan provinces' cities during the recent decade by statistical method of standardized precipitation index. 

In this study the drought trend of seven cities in Kurdistan province during recent decade have evaluated by drought 

indices calculator Version- 1.0 Beta software. Based on the results, just the extremely wet condition have observed in 

Qorveh city and, the very wet condition have not observed in none of the cities, in a way that in the mentioned cities 

during one recent year the drought condition have reach the near normal form. In addition to it in all the cities (except 

Baneh and Kamyaran), the moderately dry drought have observed in a way that in this form the most frequency have 

related to Saqqez and Marivan. In addition, the severely dry form of drought has observed in all cities (except 

Baneh). It should have noted that in past recent years the drought have reached the extremely dry form which the 

Kamyaran city with the 11.1% have the most frequency among the provinces cities. Based on the results it could have 

concluded that the drought trend during recent years in Kurdistan province in comparison with its previous time have 

a warning condition. Therefore, planning for reducing its risks and water resources management of the province is 

necessary.  
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Introduction 

Undoubtedly, the word drought for general people 

depict an arid farm, corroded agricultural crops and 

creatures and plants efforts for living. Drought 

incidence and climatic and sever social abnormally 

have occurred too. The drought phenomenon is 

different with other natural disaster. Because this 

phenomenon have occurred slowly during a relatively 

long period and sometime it is continually period have 

last more than some years. In addition, this 

phenomenon may expand in arid region without the 

fact that the geology and topographic factors have 

affected its extent (Smith, 2011). Drought is a 

phenomenon, which its start and end, is not clear, 
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Therefore, description of it in different time and places 

id different. For example, it may last a long time for a 

drought incidence or it may last a long time to 

eliminate the drought effects. Of the important effect of 

drought the salty water precession toward the sweet 

water tanks, the aquatic organism death, self-

purification capability of rivers, losing the plants cover 

specially pastures of arid areas, increasing the disease, 

reduction of agricultural production and famine could 

have pointed. The drought, based on its nature, has 

various effects on resources and different parts such as 

agriculture and natural resources specially water 

resources (Palmer, 1965).    

As the surplus of the uncontrolled flood has some 

damages, the precipitation efficiency had harmful 

effects on industrial, agricultural, and ecological 

environment parts too (Danshvar et al., 2006). The 

monitoring system has a great importance in editing the 

designs, which are against the drought and its 

management. For this, reason the drought indexes have 

used for quantitative presenting of this phenomenon. 

The standardized precipitation indexes have used for 

quantitation of the precipitation in different time scales 

of 1-48 months (McKee et al., 1995). The positive 

amount of SPI showed that the precipitation is more 

than the average and the negative amount present that 

the precipitation is less than the average amount. Based 

on the SPI method the drought period have occurred 

when the SPI is continually negative and reach to the -1 

or less and end when the SPI is positive (Akhtari et al., 

2006). In this study for monitoring the drought of the 

provinces city’s situation the standardized precipitation 

indexes have used. The researchers believed that the 

drought has appeared in different form such as the 

drought of meteorology, agriculture, hydrology, socio-

economic and there is a possibility for its occurrence in 

arid and even wet and semi-wet region (Dracap and 

Lee, 1980; Wilhite and Glantz, 1985). Iran by placing 

in an arid and dry region of the world with the 

precipitation of about one-third of the global 

precipitation have considered as an arid region of the 

world (Kordovani, 1992). According to the Fact that 

still there have not done any comprehensive study in 

relation with drought trend in Kurdistan province with 

the maximum period (based on the existence recorded 

data), therefore based on the mentioned content this 

study have aimed to evaluate the drought situation of 

the Kurdistan province cities in recent years. 

Materials and Methods 

The studied region 

In terms of climate and nature, the Kurdistan 

province is a mountainous region, which has high 

plains and extent valleys in broad area. Kurdistan is far 

from the sea but through intertwined deep valleys reach 

the free waters of the world in south and north lakes 

such as Persian Gulf and Oroomieh Lake. Kurdistan 

province with the geographical latitude of 34 degree 

and 45 minute to 36 degree and 28 minutes of north and 

geographical longitude of 42 degree and 31 minutes to 

48 degree and 16 minute of north is one of the Iran’s 

cities, which its capital is Sanandaj and has placed at 

the west of the country. The area of this province is 

28200 km2, which is equal to 1.7% of the total 

country’s area. This province, which have placed in the 

scattered plain of the middle Zagros Mountain from 

north have reach the West Azerbaijan and Zanjan and 

from east have reach to Hamadan and Zanjan, from 

south have reach the Kermanshah province and from 
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west is limited by the Iraq country. Kurdistan province 

has a 200 km joint border with Iraq country. The 

Kurdistan province based on the latest country’s 

division in 2011 have 10 town, 29 city, 31 part, 86 

villages and 1697 rural with resident and 187 rural 

without resident. The cities of this province are 

Sanandaj, Saqqez, Bijar, Qorveh, Marivan, Baneh, 

Kamyaran, Divandareh, Dehgolan, Sarvabad (Fig. 1).   

Collection and analyzing the data 

For conducting this study, all the cities of the 

Kurdistan province, which have pluviometer station, 

have selected (Fig. 1). The maximum period which 

have the data of the precipitation level for each city, 

have considered as a period time for evaluating the 

drought of that city. For example, the maximum period 

time for Sanandaj city was 1959-2014 and for 

Kamyaran city was 2066-2014. According to the fact 

that the drought indexes SPI could have calculated 

based on the average of the precipitation data for 3-48 

months, the efforts have done for receiving data based 

on the monthly precipitation level. In addition, for 

proper comparing and better evaluation of the drought 

trend the efforts have done to calculate the drought 

indexes SPI based on the annual (12 months) 

precipitation. The calculation of the SPI index have 

done by drought indices calculator (Version-1.0 Beta) 

software which eventually draw the analytical figures 

of the alternation trend by using this software. 

Standard Precipitation Indices (SPI) 

Standard Precipitation Indices (SPI)) is calculated 

in short-term (3, 6 and 9 months) and long-term (12. 24 

and 48 months). In any time scale, the SPI mean would 

reach zero in a location and its variance equals to one. 

It is an advantage because it is a normalized index. To 

classification of the SPI drought severity, it is believed 

that the drought appears within a period when SPI is 

negative consistently and drought starts. When SPI is 

down to zero and it stops when the severity values are 

positive (McKee et al., 1993; Hayes et al., 1999). The 

index is calculated via the equation (1) (Hayes et al., 

1999). 

 
Eq.1 

Where, "Pi" is the precipitation in a given year, "P¯" is 

the long-term precipitation average, and "S" is the 

standard deviation 

There are two classifications for SPI. In the present 

study, Hayes et al. (1999) classification was used 

(Table 1).  

Results  

The results showed that only in Qorveh city the 

wet year with the extremely wet form have observed, In 

addition to it the wet year with the very wet form have 

not observed in none of the cities. Also in all cities 

(except Baneh and Kamyaran), the drought with 

moderately dry form have observed in a way that in this 

form the most frequency have related to Saqqez and 

Marivan cities. In addition to it, the drought with 

severely dry form has covered all the cities except 

Baneh. In some past years the drought reach the 

extremely dry form, which Kamyaran city with 11.1% 

have the most frequency among the provinces cities 

(table 2, 3). Based on the figure 2 and 5 it have 

revealed that all the evaluated cities in one recent year 

have exposed to drought in a way that in the mentioned 

cities the drought form have reach the least form (near 

normal) and even in some cities in 4-5 recent years they 

reach the severely dry and extremely dry form. 
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Discussion 

Based on the results only in Qorveh city the wet 

year with extremely wet form have observed and the 

wet year with very wet form have not found in none of 

the cities in a way that in the mentioned cities in recent 

decade the drought forms have reach the least form 

(near normal). In addition to it in all cities (except 

Baneh and Kamyaran) the drought have observed in 

moderately dry form in a way that in this form the most 

frequency have related to Saqqez and Marivan cities. 

Also in a drought with the form of severely dry all, the 

cities except Baneh have observed it. It should have 

noted that in some past years the drought reach the 

extremely dry form which Kamyaran city with 11.1% 

have the most frequency among the provinces cities. 

Based on the results it should have said that the drought 

trend during recent years in Kurdistan province in 

comparison with previous time have a warning 

condition, therefore, planning for reduction of its risks 

and also water resources management in this province 

is necessary. According to the fact that the Kurdistan 

province is a part of Iran country, and by considering 

the fact that it is placing at the arid belt of the world 

and subtropical zone and having a noticeable 

precipitation fluctuation during past periods, Iran have 

involved with drought pheromone. In a way that during 

last 22 years in Iran 13 years drought have occurred 

(Azizi, 2003). A main part of Iran extent has placed in 

arid and semi-arid regions and the drought pheromone 

is an unseparated part of it and characteristic of the arid  

 

region (Asghari, 2002).   

Many similar studies have conducted about this 

subject. A study has done by Richard and Rouault 

(2003) in southern Africa country. The aim of this 

study is evaluating the drought in different time scale 

based on the Hayes et al. classification (Hayes et al., 

1999). The results of this study showed that 68.2% of 

the evaluated cases were in the normal and average 

drought range. While only less than 10% of the cases 

have the drought with the form of dry and very, dry. 

Other cases were wet in terms of precipitation level and 

calculated SPI indices (Rouault and Richard, 2003). A 

study have done by Rahimi et al. (2009) in relation with 

evaluating drought during a 30 years period (1975-

2005) in a Sistan and Baluchistan Province.  

The results of this study showed that 36-52% of 

the evaluated time period have the precipitation level of 

more than the wet years average, 10-23% of the cases 

were in the drought threshhold, 3-13% have poor 

drought, 7.6-23% of the cases have average drought, 6-

20% have severly drought and the rest of the 7.6-23% 

have the very severly drought (Rahimi et al., 2009). 

Other related studies with drought evaluation have done 

In Iran’s country parts, which showed that the 

precipitation rate in recent years has reduced, and the 

drought has increased. Of these studies, the evaluation, 

which has done in Khorasan, Aras river region, Tehran, 

Kerman, Kashf-Rood region, Iran-shahr city and other 

similar studies, could have pointed (Morid et al., 2006; 

Negaresh, 2008; Sari Saraf et al., 2010; Siari et al.,  
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Fig. 1. Map of cities in Kurdistan province 

 

 

Table 1. The drought classification using SPI, presented by Hayes et al. (1999) 

Category SPI 

values 

Category SPI 

values 
+2 < Extremely wet  

+1.5 to +1.99 Very wet 

+1 to +1.49 Moderately wet 

-0.99 to +0.99 Near normal 

-1.5 to -1.99 Moderately dry 

-1 to -1.49 Severely dry 

-2> Extremely dry 

 

Table 2. Frequency of drought (in term of year) by drought classification using SPI in Kurdistan province 
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Sanandaj 1959-2014 0 0 2 45 3 4 2 55 

Saqqez 1961-2014 0 0 5 32 11 3 3 53 

Bijar 1987-2014 0 0 2 18 5 1 2 23 

Qorveh 1989-2014 1 0 0 18 4 2 1 25 

Marivan 1992-2014 0 0 1 14 7 1 0 22 

Baneh 1999-2014 0 0 1 14 0 0 1 15 

Kamyaran 2006-2014 0 0 1 6 0 1 1 8 
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Table 3. Frequency of drought (in term of percent) by drought classification using SPI in Kurdistan province 
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Sanandaj 1959-014 0.0 0.0 3.6 80.3 5.4 7.1 3.6 100 

Saqqez 1961-2014 0.0 0.0 9.2 59.2 20.4 5.6 5.6 100 

Bijar 1987-2014 0.0 0.0 7.1 64.3 17.9 3.6 7.1 100 

Qorveh 1989-2014 3.8 0.0 0.0 69.2 15.4 7.8 3.8 100 

Marivan 1992-2014 0.0 0.0 4.3 60.9 30.4 4.4 0.0 100 

Baneh 1999-2014 0.0 0.0 6.3 87.5 0.0 0.0 6.3 100 

Kamyaran 2006-2014 0.0 0.0 11.1 66.7 0.0 11.1 11.1 100 

 

Fig. 2. SPI drought index for Sanandaj city 

 

 

 

 

 

 

 

 

 

2010; Hanafi et al., 2011; Arbabi et al., 2011; 

Behestirad, 2012; Zahiri et al., 2015). 

Conclusion  

Based on the obtained results it could have 

concluded that due to the fact that an extent part of Iran 

country have constitute by arid and semi-arid region, 

therefore, identifying drought trend and precipitation 

reduction factor during recent 20 years is necessary for 

water resources management. In addition, it could have 

said that due to the climatic properties alternation of the 

various region in the country, the drought in Iran 

showed a different place extent and severity degree. 

Based on the important results of this study  it could 

have said that the drought trend during past recent years 

in Kurdistan province in comparison with its previous 

form have a warning condition, therefore planning for 

reducing its risks and water resources management in 

this province is necessary. 
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Fig. 3. SPI drought index for Saqqez (a) and Bijar (b) city 

 

 

Fig. 4. SPI drought index for Qorveh (a) and Marivan (b) city 
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Fig. 5. SPI drought index for Baneh (a) and Kamyaran (b) city 
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