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Table 1. Characteristics of the studied stations during the statistical period of 1981-2010 
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Table 2. The results of checking the normality of the investigated data (1981-2010) 
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Fig. 1. The percentage of dry and wet years of each of the studied climates, seasonally and annually 
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Fig. 2. Zoning of annual and seasonal standardized precipitation index (SPI) in the studied stations (1981-2010) 
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Abstract 
Drought is result of climate change and specific principle decrease relation to longterm mean margin.for 

local & time drought variation in disparate weather climate in Iran, nomination vector this variation can 

in water management and that designation to control variation aspects, these have mater role. In this 

study the drought variation trend using non-parametric Mann-Kendall in 28 synoptic stations from 1981 

to 2010 were studied. Also local dispense survey with earth statistics in ArcGIS9.3 software accomplish. 

The results of trending drought using Standardized Precipitation Index (SPI) represent the different 

behavior of drought index in different climates. The results of SPI showed that the majority of climates 

surveyed have experienced annual drought period. The occurrence of droughts, dry climate with cool 

winter and hot sammer of the highest annual drought was observed. As this climate drought years mean 

occurrence percent 20.55 percent was observed. Mann-Kendall test results Standardized Precipitation 

Index (SPI) also Represents that in the 3 seasons, spring, fall, winter and annual scale significant trend 

increase. The most trend drought significant increase was observed in Sanandaj. Surveyed local dispense 

observed in annual scale The most drought in south-east of country was increase was observed. In 

seasons scale, drought local dispense was heterogeneous. But in winter season drought local dispense 

explanatory was normal drought pitch in country. 
 

Keywords: SPI Index, Iran, Mann-Kendall, ArcGIS 

Introduction 
Drought is one of the meteorological 

phenomena and cannot be separated from the 

climatic conditions of countries located in 

subtropical latitudes such as Iran. Among the 

adverse consequences of drought, there is an 

imbalance in the amount of water, a decrease 

in the intensity of water flow, a decrease in the 

depth of surface water, and it is the most 

serious problem for agriculture. In cases where 

the duration of its occurrence is long, the 

damages caused by it are large and can be seen 

in various sectors such as agriculture, 

environmental, economic and social. 

Therefore, knowing the intensity, duration and 

place covered by the drought phenomenon 

reduces the damage caused by it. Among the 

conventional methods of investigating the 

drought phenomenon is the use of 

meteorological indicators that are calculated 

using the data of meteorological stations. 

Precipitation and its fluctuations in dry and wet 

periods are the main parameter in defining 

drought and its related indicators. The 

simultaneous investigation of temporal and 

spatial changes of drought provides users with 

comprehensive and complete information to 

understand this phenomenon. The US National 

Drought Mitigation Center uses the 

standardized precipitation index to monitor 

drought and soil moisture storage conditions. 

Hayes et al. (1999) believe that the users of 

standardized precipitation index (SPI) are 

increasing in the world. In Turkey and most 

countries of the African continent, this index 

has been used in drought monitoring, also the 

Colorado Climate Center, the Western 

Regional Climate Center and the National 

Drought Mitigation Center in the United States 

use this index. 

 

Materials   & Methods 
In terms of nature, this research is quantitative 

and in terms of the type of applied research, 

which was carried out by statistical and 

descriptive method. Since it is necessary to 

study drought, using long-term data from more 

stations, therefore, long-term rainfall data from 
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28 meteorological stations from 1981 to 2010 

were used. All the stations were classified into 

6 climates based on the UNESCO climate map: 

very humid cool warm (PH-C-W), semi-arid 

cold hot (SA-K-W), semi-arid cool very hot 

(SA-C-VW), dry cool. Warm (A-C-W), 

moderately warm dry (A-M-W) and very warm 

cool dry (A-C-VW). 

All refined and processed rainfall information 

in standard format was obtained from the 

information base of the National 

Meteorological Organization. The data of each 

station were arranged as annual time series of 

12 columns, with the number of months of the 

year and one column, annual values, and for 

seasonal analysis, 4 columns for each season 

were arranged in rows with the number of 

statistical years. Thus, the statistical population 

of this research was the annual rainfall data 

with a sample size of 14,280 samples, after 

sorting and preparation, the correctness of the 

data was confirmed by the sequence test. To 

ensure the normality of the formed data series, 

the Kolmogorov-Smirnovtest was used in the 

SPSS environment. Standardized Precipitation 

Index (SPI) was used to quantify drought 

events. Mann-Kendall test is one of the most 

widely used non-parametric methods for data 

trend analysis. In recent years, many 

researchers have used the non-parametric 

Mann-Kendall test to investigate the changes in 

climatic and hydrological parameters. In this 

research, the non-parametric Mann-Kendall 

test was used. The normality of the data was 

determined by the Kolmogrof-Smirnov test in 

the MINITAB software, and for the data that 

did not follow the normal distribution, the 

logarithm transformation of the natural base 

(Ln(x)) was used. Thus, the trend test was 

performed on the data with normal distribution. 

To investigate the geographic spread of 

drought, the Standardized Precipitation Index 

(SPI) was interpolated at the country level 

using the image distance method (IDW) in Arc 

GIS 10.3 software. 

 

Discussion and Results 
The highest percentage of drought occurrence 

on an annual scale is related to hot dry climate 

(A-C-W) with an average of 20.55%, which 

included the stations of Tehran, Semnan, 

Kerman, Birjand, Zahedan and Isfahan. 

Meanwhile, the highest percentage of dry years 

belonged to Zahedan station at the rate of 

46.67%. On the other hand, it can be seen that 

the highest annual occurrence of drought is in 

very humid cool warm climate (PH-C-W) 

which is equal to 16.66%. The trend of annual 

standardized precipitation index (SPI) is 

decreasing in all stations except Bojnoord, 

Booshehr, Qom, Tehran and Isfahan stations. 

the results of the drought index in winter show 

that except for two climates A-M-W and AC-

V-W, the occurrence of drought is more than 

drought. In general, different regions of the 

country have different susceptibility to 

drought. The northern, northwestern and 

western regions of the country, which have 

more regular rainfall, have suffered less from 

severe droughts than other regions. 

In other words, in 82% of Stations, the amount 

of drought has increased during the studied 

period. 25% of the country's stations have 

faced a significant increase in the standardized 

precipitation index (SPI). The increase in the 

severity of drought in Sanandaj station is 

evident compared to other stations on an 

annual scale. The trend of drought in spring 

shows that half of the country's stations (14 

stations, equal to 50%) are decreasing. But the 

spring drought reduction trend is significant 

only in Bandar Abbas station. In summer, a 

significant decrease in the standardized 

precipitation index (SPI) was observed in 6 

stations. However, only Golestan station has a 

significant decreasing trend. In winter, 25 

stations have a decreasing trend. Among these, 

18% of the stations have a significant trend. 

Similar to the annual scale, the most intense 

trend of decreasing standardized precipitation 

index (SPI) belongs to Sanandaj station. 

The extent of annual drought is more in the 

south-western part of the country and Zahedan 

region, and other places have an average 

amount. In spring, the northern part, including 

Gilan station, has more drought. Drought in the 

whole country is normal in summer. The 

zoning map of the standardized precipitation 

index (SPI) of autumn shows that the coastal 

areas of the Caspian Sea have less drought than 

other areas. Investigating the spatial changes of 

the standardized precipitation index (SPI) in 

winter shows that the western and eastern half 

of the country have more drought than the 

central regions of the country. In general, the 

spatial distribution of drought in the country is 

heterogeneous, and its seasonal changes are 

evident. Therefore, we should expect wider 

climate changes due to the shortening of the 

200  



��������	 ���� 
�� �
������ ����� ����18����� � 36   ��!�	 � "���# �1403   

 

 

return period and severe effects on human 

activities and the environment. 

 

Conclusions 
In this study, droughts in the country and the 

process of its changes were investigated. The 

results showed the difference in behavior of 

drought index in different provinces of the 

country in annual and seasonal survey. By 

examining the Standardized Precipitation 

Index (SPI), it was found that most of the 

studied climates have experienced a period of 

drought. In terms of the occurrence of drought, 

the hot dry climate experienced the highest 

annual drought with 20.55%. The results of the 

Mann-Kendall test also indicated that the trend 

of increasing drought in spring, autumn, winter 

and annual scale was significant. The zoning 

done using Arc GIS 10.3 software also showed 

the presence of drought in the spring and 

autumn seasons in the annual survey, and the 

country's drought was normal in the summer 

and winter seasons. 
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