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 Drought is one of the most important natural hazards that in spite of low human 
casualties cause enormous social and economic losses. Climate scientists have proposed 

several indexes in order to drought monitoring such as: SPI, PDSI, PN, RDI, EPI, 

... that each of these criteria based on the  using weather variables and different methods 
and calculation has designed for an specific area and has own corresponding  problems, 

for this reason and because of the nature of the fuzzy systems that have provided the 

right tool for using imprecise and qualitative data in the vague and uncertain world, we 
have proposed the method upon which, the parameters influencing on drought 

(number of rainy days, rainfall, temperature, moisture, wind speed) have been 

considered together  and the SPI method has been modeled by using the fuzzy inference 
system. The designed system models the desired output with acceptable accuracy. 
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INTRODUCTION 

 

Drought is a slow and creeping phenomenon in different climates that its effects are not confined solely to 

the arid and semi-arid areas and can occur In areas with high rainfall and at every season. Drought can be known 

as persistent and abnormal moisture deficiency at a certain time period (usually a year). Drought causes 

deleterious effects at various fields, both directly and indirectly. The most direct effect of drought is on water 

resources in each region. With little or no rainfall for a long period at years (drought), pastures, forests, fields 

and gardens which their water resources are rainfalls, soil and other natural resources are being directly harmful. 

Because the surface and groundwater resources are in the form of rainfalls, activities and their associated 

facilities, whether urban, rural or industrial are influenced and damaged. One of the most basic and important 

step in studying drought in the region is determining indicators upon which severity and duration of droughts 

can be evaluated at one region. Required for drought monitoring and notification alerts, Meteorologist and 

hydrologists have offered indicators for drought monitoring and notifying necessary warnings that are largely 

dependent on climatic parameters, or they rely on drought risk [1,2]. One of these indicators is the standard 

rainfall index (SPI) [3, 4] although that has been proposed in recent decades, but has been widely used to enable 

relatively simple comparing among different climate zones [5, 6]. However, by further reflecting on the results 

and evaluation of the theory based on this index one could not be able to consider it as a comprehensive index. 

Only rainfall data used in the calculation and Parameters such as evapotranspiration and air temperature and 

wind causing increased drought severity, are not considered. Accordingly drought monitoring with the SPI 

index in arid and semiarid regions with low average rainfall and high evapotranspiration have been in trouble 

and by occurrence of a low amount of rainfall, its value practically changes from negative to positive and wet 

year conditions are appeared, but the reality is something else. Therefore, the fuzzy model is used. Drought and 

wet year in Moghan plain have been studied in [8] by using fuzzy sets and there is evidence that better results 

can be achieved if fuzzy logic is used instead of using crisp logic. In [9, 10], researchers have studied Nebraska 

and one of the countries of central Europe and predicted drought by using Fuzzy modeling technique. In this 

paper, Large-scale atmospheric circulation patterns (CPs) and Climate phenomenon El Nino / Southern 

Oscillation (ENSO) in order to predict the Palmer Modified Drought Index (PMDI) have been used. Fuzzy 

system to combine classic indices, the Standardized Rainfall Index (SPI) and standard evapotranspiration Index 
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(SEI) and the Standardized Rainfall and evaporation Index (SEPI) have been used in [11]. Due to nature of 

fuzzy systems that are useful tools for applying vague and imprecise data in uncertain word and impossibility of 

defining and combining certain mathematical functions for changes of these parameters with Specified 

threshold, using fuzzy logic as proper option in order to drought monitoring is proposed. In this paper, we intend 

to consider the parameters influencing on drought (number of rainy days, rainfall, temperature, moisture, wind 

speed) and propose a new and compressive index for drought monitoring by using fuzzy system. In Section 2 we 

introduce our most widely used approach for monitoring drought. Section 3 will review the data and study area. 

The fundamentals of the model are discussed in Section 4. The modeling results are presented in Section 5 and 

Section 6 is devoted to a general conclusion. 

 

The classical methods of drought monitoring: 

Here the most commonly used method for drought monitoring is introduced. 

 

Standardized Rainfall Index: 

In 1993, a new index based on the probability, called the standardized rainfall index, in order to better and 

more accurate monitoring of drought and wet year periods were proposed by researchers of Colorado State 

University.  SPI index is calculated at various time intervals and it is important to provide early warning and 

help to assess drought severity.  

SPI numerical value based on the cumulative probability of rainfall at each station is obtained. In 1996, 

Tom founded that gamma distribution has the best fit in the time series of rainfall. Density function is as 

follows: 

 

 : shape function
1 
  ,  : scale parameter , 

 : rainfall 

 

This distribution is similar to the distribution of rainfall that gradually increased with frequency of rainfalls 

and reaches at a peak point, then decreases and becomes zero, the distribution is skew to the right and is at least 

zero. 

Tom calculated the values based on the maximum likelihood function with the following formulas: 

 
n: number of rainfall observations, after calculating these parameters, the cumulative probability function at 

a given time scale for various stations is defined as follows: 

 

If , then: 

 

Due not to define gamma function at , following formula is used for zero rainfall amounts:  
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In general, to calculate the SPI, first, the rainfall values are sorted in ascending, cumulative rainfall 

probability values on the vertical axis and various amount of rainfall on the horizontal axis are estimated. 

Cumulative rainfall probability is calculated from the following formula: 

 
K: rows of specific rainfall, N: number of rainfalls, then the data are fitted with a gamma distribution and at 

the result, given the amount of rainfall per year, we can calculate the cumulative probability. Given cumulative 

probability and by using standardized cumulative probability function of gamma distribution, we can calculate 

values  (SPI). SPI  values can also be calculated based on standardized cumulative probability table of 

gamma distribution. the following formula also can be used to access easier to SPI approximations. 

 

 
This index is used to quantify the rainfall deficit at time scales of several months and reflects the impacts of 

rainfall anomalies in a very short time scale. 

Average SPI in the specific time scale in a situation is equal to zero and its standard deviation is equal to 

one, this means that SPI is normal and this is a great advantage of this index, because it can be used in various 

climates. Once SPI reaches at -1 and less, drought occurs and when the values become positive, drought is over. 

 
Table 1: Classification of SPI values 

Group  SPI values  

Very intense wet year 2 and more 

Intense wet year  1.5_1.99 

Mild  wet year 1.0_1.49 

Normal  0.99_-0.99 

Mild drought -1/49_ -1.0 

Intense drought -0.99_ -1.5 

Very intense drought  -2 and less 

 

Data and study area: 

The data used in this paper have been collected from meteorological stations of Kerman and Rasht from 

1961 to 2005. These cities have been selected because of varying climatic conditions. 

Rasht city is located in the geographic coordinates 37º1´ to 37º27´ north latitude from the equator and 

48º35´ to 49º3´ longitude from prime meridian and in the Talysh Mountains and the Caspian Sea. 

Rasht is the most important city that located in the entrance gate of the Gilan province. This Geographical 

location provides this city with high privilege. The city has Caspian temperate climates and with hot, humid 

summers and mild winters. Various climatic conditions able we to indentify better the model value proposed in 

this article.  

Kerman province is located in the Southeast Central Plateau and among 53º26´ to 59´29´ East longitude and 

25 º55´ to 32 º North latitude. Kerman province is located southeastern Iran and Its Highlands are the trail of 

mountains located in central Iran. Kerman climatic diversity is significant due to specific climatic conditions. 

Due to these climatic conditions, climate is dry in the north and northwest, hot and wet year in the south and 
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southeast and cold and wintry in the southwest and central. This province is subjected to various off regional 

and local winds. Blowing the winds impose a lot of changes to Kerman province.  

 
Fig. 2: the geographical position of Kerman and rasht on the Iran map 

 

data correlation: 

proposed model: 

Today, models are used widely in order to contribute to manage natural sources and in particular water 

source management systems, models in which uncertain are very important [12]. 

Initially, parameters influencing on drought including the number of rainy days, rainfall, temperature, soil 

moisture, wind speed and air pressure are extracted and calculated from available data. Next, based on variation 

range of each parameter, type and numbers of fuzzy member functions are determined for each input parameter 

of system.  

 
Where x represents input value for 5 system inputs and µ represents value of member function in A  .  For 

instance, the first input membership function (Rainy Days) is observed in the figure 1 and have seven member 

functions. The second input (rainfall), the third input (temperature), the fourth input (soil moisture) and Fifth 

input have 7, 3, 4 and 5 Gaussian membership functions, respectively.   

 
 

Fig. 3: first input membership function (rainy days) 
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Fig. 4: Membership function of output (SPI) 

 

Used fuzzy system is of MAMDANI type and minimum combination was applied for operator AND among 

preferred statements of fuzzy rules with centroid method was used to defuzzificate model output. So far, fuzzy 

processing is done and extracting rules must be done based on the following model: 

 
Where X1 and Xr are inputs, Air, Ai1: Membership functions of the input, Bi: Membership functions of the 

output, Y: output and K: numbers of rules. 

Among the parameters which are considered as an input parameter, the number of rainy days, rainfall and 

moisture levels are inversely related with drought, if this parameter is increased, drought is weakened and wet 

year occurs. Remaining two parameters, i.e. temperature, wind speed go to intensify drought. If this parameter is 

increased, the drought intensifies. A sample of the rules used in the model is presented below. 

"If number of rainy days are very large and rainfall is very high and wind speed is very low and moisture is 

very high and temperatures very low, then wet year has occurred very intensely." 

18 Rules have been obtained. After extracting rules based on the output of Standardized Rainfall Index 

(SPI), the system is designed. That means the output of fuzzy system, is the output of the standardized rainfall 

Index (SPI). Thus the number of membership functions and range of changes will be determined. Finally we 

evaluate the model and compare the output of model in order to validate the proposed method.  

 

 
Fig. 5: The basic structure of the fuzzy system 

 

The results of modeling: 

For the sake of modeling, SPI Is calculated as 12 months. One of the problems of this method that is when 

there is no rainfall in time intervals, This model may not properly monitors the drought and may present The 

unpredictable responses. Given that the proposed method apart from rainfall considers other factors contributing 

to drought, the problem is solved. 
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Fig. 6: Modeling results for SPI values of Kerman station from 1961 to 2005 

 

Given the first difference occurred in 1963 in Kerman station, input values for this year are as follows. 

 
Table 3: impactful parameter values in 1963 

Number of of 
rainy days 

Rainfall 
  

Wind speed 
 

Moisture Temperature 
 

SPI values Model output 

40 181/7 3/3 25/6 14/1 0/49 1/4 

 

Comparing parameter values obtained in 1963 and the range of changes, the following results are obtained: 

1 - The number of rainy days is 40 days that is a high number with respect to the range [20, 67]  

2 - Rainfall amounts is 1/181 mm that is a mild amount with respect to the range ([23264]). 

3 - Wind speed is 3/3 that is an average amount with respect to the range ([0, 7]). 

4 - Moisture content is 6/25 that is very high with respect to the range ([17, 39]). 

5 - Temperature is 1/14 that is very low with respect to range ([14, 21]). 

Given the above, two parameters e.g. the number of rainy days and the temperature influencing on reducing 

and intensifying droughts, respectively, are determinative in the severity of the drought and make  the output 

amount of the proposed model be more  than standardized rainfall index and represent more severe wet year. 

This event is caused by calculating Standardized rainfall solely on rainfall and there is interest on other 

parameters influencing on drought. In contrast, the model proposed in this paper consider the impactful 

parameters and perform accurately monitoring. 

According to the second division of Kerman station occurred in 1966, inputs for this year are as follows. 

 
Table 4: Impactful Parameter values in 1966 

Number of 

rainy days 

Rainfall amount Wind speed Moisture 

amount 

Temperature SPI value Model output 

25 23/9 5/04 17/3 17/9 -1 <-2 

 

Comparing parameter values obtained in 1966 and the range of changes, the following results are obtained: 

1 - The number of rainy days is 40 days that is a very small number with respect to the range [20, 67]  

2 - Rainfall amounts is 23/9 mm that is a very low amount with respect to the range ([23 264]). 

3 - Wind speed is 3/3 that is an average amount with respect to the range ([0, 7]). 

4 - Moisture content is 6/25 that is very high with respect to the range ([17, 39]). 

5 - Temperature is 1/14 that is very low with respect to the range ([14, 21]). 

Given the above, three parameters e.g. the number of rainy days, rainfall amount and wind speed 

influencing on reducing, reducing and intensifying droughts, respectively, are determinative in the severity of 

the drought and make the output amount of the proposed model be more than standardized rainfall index and 

represent more severe wet year. This event is caused by calculating Standardized rainfall solely on rainfall and 

there is interest on other parameters influencing on drought. In contrast, the model proposed in this paper 

consider the impactful parameters and perform accurately monitoring. 
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In the same year, PNPI was equal to 26/32 that puts into very dry classification, while the proposed model 

considered this year very dry and SPI also considered that very dry.  

 
Table 5: comparing SPI and PNPI amounts with proposed model for 1966 

Index Value Group 

SPI -1 Mild dry 

PNPI 26/32 Very dry 

Proposed model <-2 Very severe 

 

But, in the table below, we will refer to the number of rainy days, in order to do this, we will compare the 

parameters related to both 1966 and 1967. 

 
Table 6: Comparing impactful parameter for 1966 and 1967 

Year Number of rainy 
days 

Rainfall 
amount  

Wind speed  Moisture 
amount 

Temperature SPI amount Model 
output 

1966 25 23/9 5/04 17/3 17/9 -1 <-2 

1967 24 70/7 4/8 20/6 18/9 -0/8 <-2 

 

Approximately, it can be said that only significant difference between these two years is the parameter of 

rainfall amount and all other impactful parameters are equal. From this comparison, it can be found that the 

parameter of rainy day is important and effective rainfall can be determinative in drought and rainfall amount is 

not solely important. Rainfall amount in 1967 is three times of its one in1966, but their SPI amounts is equal, 

because most of the rainfall amount is not impactful and has fallen  in a limited period of time (over 24 days). 

 
Table 7: Comparing the impactful parameter values for 1981 and 1992 

Year Number of rainy 

days 

Rainfall 

amount  

Wind speed  Moisture 

amount 

Temperature SPI amount Model 

output 

1981 27 156/6 2/02 28/8 16/1 0/43 0/46 

1992 54 158/6 2/91 36/1 14/8 0/9 >2 

 

Rainfall amount is approximately equal. Parameters of rainy days, temperature and moisture are 

determinative the. In fact, year 1992 has been impactful based on same amount of rainfall and caused stability of 

soil moisture. The high number of rainy days causes cloudiness and consequently reducing the heat in turn 

losses evapotranspiration and make soil moisture be lost later, all of these events sequentially make  the year be 

moisture regarding to proposed fuzzy model. 

 
Fig. 7: Modeling results of Rasht station for SPI values from 1961 to 2005 
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In the table below we refer to the number of rainy days in Rasht station and in order to do this, we compare 

related to both the 1975 and 1984 years. 

 
Table 8: Comparing the impactful parameter values for 1975 and 1984 related to Rasht station. 

Year Number of rainy 

days 

Rainfall 

amount  

Wind speed  Moisture 

amount 

Temperature SPI amount Model 

output 

1975 113 1599/6 4 77 17/2 1 0/6 

1984 154 1591/9 2/3 87 14/9 0/97 1/3 

 

Approximately, it can be said that only significant similarity between these two years is the parameter of 

rainfall amount and all other impactful parameters are different. Compared to 1975, Moisture amount and 

temperature in 1984 are more and less, respectively, on the other hand, wind speed is approximately half that 

this contributes to wet year. It is clear that these two years be considered similar and almost normal, but 

proposed model in the paper will introduce year 1984, a wet year based on the above reasons. We conclude 

again that impactful rainfall can be determinative in drought and rainfall amount is not solely important. 

 

Conclusions: 

 In this paper, we examine one of the most widely used methods in monitoring drought and explained its 

calculation method. There are several classical indices for drought monitoring that each of these indexes based 

on the use of different meteorological variables and computational methods has different design. But each of 

these methods have own problems and has been designed for the special region. In this paper we tried not to be 

consider these parameter together, because it is not possible to define and combine certain mathematical 

functions to change the parameters with the specified thresholds by using classical methods that perform 

monitoring based on calculations and are able to communicate among input variables. 

On the other hand, the drought has a direct correlation with rainfall, this relationship is not only dependent 

on the annual rainfall. The rainfall amount may not be different in two consecutive years, but drought occurs in 

one of these years and not another year. Important issue is rainfall amount or rainy days that are associated with 

drought directly. Lack of attention of classical method to this parameter also caused that we consider this 

parameter in the proposed model as one of inputs.  

Modeling results indicate that the proposed system has modeled the desired output with measure MSE With 

an error equal to 23/0. 
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