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ABSTRACT: 

 

Historically droughts have had a huge impact on conditions of life on earth. With growing population of the Earth the impacts of 

droughts grow even more severe. Human beings are also affected by drought like other life forms. Studies have taken place to 

understand and thereby mitigate the effects of these climatological phenomena on humans. The study of drought trends is of great 

importance since it is directly related to food and water resources availability, that could become scarce in case of droughts. In this 

paper by using SPI, SSI and TSDI indices we try to understand the drought behaviour in Iran using Mann-Kendall and Sen’s slope 

methods. Canonical correlation analysis between SPI and SSI shows a positive correlation for the most parts of Iran. Also the 

correlation between TSDI and SPI/SSI is positive for majority of the Iran. Drought trends in Iran are analysed using Mann-Kendall 

and Sen’s slope estimator with 95% confidence level. 
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1. INTRODUCTION 

Drought is defined as an abnormal dry weather sufficiently 

prolonged due to shortage in rainfall, causing the area to suffer 

from hydrological imbalances. In current century climate 

change is known to be a major threat. The effects of natural 

disaster known as drought could get even worse by poor 

management of water, land, forest and other natural resources 

(Mahajan and Dodamani, 2015). There are five categories for 

drought, such as: Meteorological drought, hydrological drought, 

agricultural drought, socioeconomic drought and ground water 

drought (Mishra and Singh, 2010). Lack of rainfall could result 

in drought on the other hand heavy rainfall in a short period of 

time could result in floods. areas that mostly have an arid and 

semi-arid climate such as Iran are prone to be affected by 

climate change more severely (Parry et al., 2004). Iran is 

located in a region where water resources are scarce and 

because of its agriculture relying on climate, is very vulnerable 

to climate change (Nassiri et al., 2006). Iran’s availability of 

fresh water per capita per year in the year 2000 was 2000m3 

where as it is predicted the amount would decrease to 1500m3 

per capita per year by the year 2030 (Yang et al., 2003). Iran 

has diverse climatic conditions. Some regions with significant 

rainfall while some are dry and suffer from water scarcity 

(Abbaspour et al., 2009). One of more noticeable climate 

changes has occurred in north-eastern Iran with a reduction in 

precipitation (Evans, 2009). Agriculture being one of biggest 

consumers of water is also one of the most susceptible to 

climate change in Iran (Karimi et al., 2018). This paper aims to 

acquire a better understanding of drought trend in Iran using 

three different indices, Standardized Precipitation Index (SPI), 

Standardized Soil Moisture Index (SSI) and Total Storage 

Deficit Index (TSDI). A canonical correlation has been used 

between the indices to find suitable time scales for detecting 

and finding the trends. 

 

2. STUDY AREA AND INDICES 

Iran was selected for this study to assess the drought trends by 

Mann-Kendall slope method. Iran is located in middle east, in 

south-west of Asian continent. In the north Caspian and in the 

south the Persian Gulf and Oman sea border Iran. Iran has seven 

neighbouring countries including Afghanistan, Armenia, 

Azerbaijan, Iraq, Pakistan, Turkey and Turkmenistan. Iran has 

an area of 1648195 square km, and is contained within the 

latitudes of 25o 14 and 39o 42 N and longitudes of 44o 10 and 

64o 11 E. The elevation of the country varies from sea level to 

5604m at peak of Damavand mountain the highest point of the 

country. Climate of Iran is diverse but most of the country have 

arid or semi-arid climate and the mean annual rainfall ranges 

from 50mm in central parts to 2000mm in lowlands surrounded 

by Caspian Sea and Alborz mountain range. 

 

2.1 Standardized precipitation index 

(McKee et al., 1993) introduced SPI based on precipitation data 

for drought monitoring. Standardized Precipitation index (SPI) 

is a meteorological index and is typically derived by fitting a 

gamma probability distribution function to precipitation data. 

SPI could be used to monitor drought with different time scales. 

x follows a gamma distribution and it shows precipitation in a 

region as following: 
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where α is shape factor and β is scale factor of the distribution. 

Γ(α) is gamma function. 

The optimal values for α and β are found as following: 
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Where n is the number of data. 
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after the gamma distribution parameters are determined gamma 

cumulative distribution function is used to calculate SPI as 

following: 
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2.2 Standardized Soil moisture Index 

Soil moisture data is used to calculate an index called 

standardized soil moisture index for drought warning. SSI is 

based on concept of normal precipitation it is also based on 

Palmer Z index along with statistical construct of SPI. SSI 

basically uses the z-score to explain how much the soil moisture 

deviates from the historical mean of soil moisture and in this 

manner it identifies outliers in the time series as droughts (Xu et 

al., 2018). 

 

2.3 Total Storage Deficit Index 

TSDI was introduced by (Yirdaw et al., 2008) it could be 

calculated from observations made by GRACE. It was driven 

from PDSI Palmer and Soil Moisture Deficit Index (Hosseini-

Moghari et al., 2019). TSDI consists of calculation of total 

storage deficit along with a drought monograph determination 

(Cao et al., 2015). 

TSD is calculated as following:(Yirdaw et al., 2008) 
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where TSDi,j is the total storage deficit of the jth month of ith 

year, TWSAi,j is total water storage anomaly from GRACE in 

the jth month of ith year. 

TWSAj is calculated from averaging TWSA during jth month. 

The Max (TWSAj) is the maximum of TWSA of jth month, and 

Min (TWSAj) is the minimum of TWSA of jth month. 

After the calculation of the TSD time series, in the next step 

TSDI is calculated from the previous TSDI and the current TSD 

as follows: 

 

1k k kTSDI p TSDI q TSD                                      (8) 

 

According to (Yirdaw et al., 2008) p and q are obtained from 

cumulative TSD plot during dry period. 

A canonical correlation is calculated between 6 months and 12 

months SPI and SSI indices. 12-month correlation proved to be 

higher therefor it was selected for future calculations. 

 

 

3. PROPOSED METHOD  

A drought index is typically a single value which represents the 

severity of a drought. It is more useful than raw data for the 

purpose of understanding drought conditions (Mahajan and 

Dodamani, 2015). Both parametric and non-parametric analysis 

methods are used for the trend analysis. Linear regression is a 

parametric method with Man-Kendall Test is a nonparametric 

method. When data is independent and normally distributed 

parametric methods are more powerful than non-parametric 

methods A non-parametric test is more capable than parametric 

test to evade problems caused by data skew (Smith, 2000). 

The non-parametric test for detecting trend was formulated by 

Mann (Mann, 1945) and the statistic distribution test was 

introduced by Kendall (Kendall, 1975) in order to test turning 

point and non-linear trend. For detection of trend in hydro-

meteorological time series Man-Kendall test is a better tool 

compared to spearman’s rho(another non-parametric test) (Yue 

et al., 2002). In addition, when testing various stations in a 

single study Man-Kendall test is more suitable (Hirsch et al., 

1991) 

 

3.1 Mann-Kendall 

In the next step Mann-Kendall method is used to understand if 

actually there is a trend in the calculated indices Mann-Kendall 

statistic S is as following: 

 
1

1 1

sgn(x x )
n n

j i

i j i

S


  

                       (9) 

 

The test is used on a time series 
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The variance statistic is: 
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The test statistic cZ is calculated as following: 

 

1
, 0

(s)

0, 0

1
, 0

(s)

c

S
S

Var

Z S

S
S

Var







 
 
 


      (12) 

 

Positive or negative values of cZ  respectively signify an 

upward or downward trend. 

In case cZ   is greater than  Z  where    is the significance 

level; then the trend is significant. Significance level are usually 

assigned low values. The greater the value of   , there is less 

confidence that the null hypothesis is really false when it has 

been identified to be false. Afterwards Sen’s slope is applied to 

calculate the trend. 

 

3.2 Sen’s slope estimator test 

Sen’s estimator predicts the magnitude of the trend (Sen, 1968). 

The slope( iT ) of all pairs of data is calculated: 
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where xj and xk are data values at times j and k respectively. 

Sen’s estimator of slope is defined as the median of these N 

values of Ti 

If N is odd: 
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And if N is even: 
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4. RESULTS AND CONCLUSION  

Canonical correlation analysis between SPI and SSI shows a 

positive correlation for the most parts of Iran excluding central 

and south-western part which show a negative correlation. This 

could be due to delay response Soil moisture to rainfall. 

Although between TSDI and SPI/SSI correlation is positive for 

majority of the Iran except for north-western part. This reverse 

behaviour of TSDI compared to SPI/SSI in north-western part 

has been discussed in many researches and it has been indicated 

that it’s because of extreme contribution of human factor in 

ground water desiccation, to an extent that increase in rainfall 

could not recover the ground water depletion.  

Long-term trend analysis of these time series has been 

conducted in a pixel wise basis. As portrayed in fig. 4 and fig. 

5, there is a positive trend for SPI and SSI indices in north and 

north western parts of Iran while in western and central parts of 

Iran, negative trend is observable. The main reason behind the 

negative trend existence in western and central parts of Iran is 

that low pressure front originating from West has been 

restricted by Alborz and Zagros mountain ranges. 

 

 

Figure 1. SPI/SSI correlation 
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Figure 2. SPI/TSDI correlation 

 

 
Figure 3. SSI/TSDI correlation 

 

 
Figure 4. SPI slope 

 

 
Figure 5. SSI slope 
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Figure 6. TSDI slope 
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