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ABSTRACT

In this paper, two meteorological drought indices including the standardized precipitation index (SPI) which
is only based on precipitation, and the reconnaissance drought index (RDI), which is based on precipitation
and potential evapotranspiration, were calculated and compared in the eight costal stations of Iran. Five stations
were chosen from very wet climate (located on the Caspian Sea coast) and three stations from very dry climate
(located on the Persian Gulf coast). The results showed that there are very significant correlations (greater than
0.9) between SPI and RDI in all stations of interest. Also, the statistical test of t-student was applied on
relationships of the SPI values vs. the RDI values, revealing both indices values have no significant differences
at the 5% level. It is concluded that the SPI is enough to monitor meteorological drought severity in extreme
costal climates of Iran.
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Introduction

Meteorological drought is defined as precipitation’s departure from normal over some period of time
(Wilhite and Glantz, 1985). Diverse drought indices have been devised to monitor meteorological drought, but
most are based on precipitation data. One of the widely used drought indices is the standardized precipitation
index or SPI (McKee et al., 1993). This index is only based on precipitation and used for different time scales. 

For the answer to this question “is the SPI sufficient for monitoring meteorological drought in extreme
climates of Iran?” another drought index which called “Reconnaissance Drought Index (RDI)” (Tsakiris and
Vangelis, 2005) was used as a comparative indicator. This index is based on cumulative value of precipitation
and potential evapotranspiration. The advantage of RDI, when compared to SPI, is that it uses potential
evapotranspiration in addition to precipitation and meteorological drought is therefore better represented.   

Few researchers have compared the RDI and SPI (Tsakiris et al., 2007 for Crete, Greece; Pashiardis and
Michaealides, 2008 for Cyprus; Borg, 2009 for Malta) and they have found both indices provide similar results.
This paper intends to compare these two indices in extreme costal climates of Iran and to validate the accuracy
of results from previous studies. 

Materials and Methods

Data
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In this study, monthly temperature and precipitation data related to eight costal stations of Iran were used.
Geographical location of the selected stations is shown in Figure 1. Five out of eight stations are located on
the southern coasts of the Caspian Sea (with very wet climate) and three other stations on the northern coasts
of the Persian Gulf (with very dry climate). 

Climatic features of the selected stations are given in Table 1.  According to the table, the amount of
annual precipitation in all stations located on the shore of Caspian Sea is very greater than the annual potential
evapotranspiration (Thornthwaite, 1948). The opposite situation is established in the Persian Gulf coast stations.
The length of record of stations is more than 49 years and covers the years of 1951-2005. 

Fig. 1: Geographical location of the selected stations.

Table 1: Climatic characteristics of the stations studied. 
Station Annual Annual Annual Potential Record Costal Region

Precipitation (mm) Temperature (°C) Evapotranspiration (mm)
Bandar Anzali 1846.4 16.1 827.3 1951-2005 Caspian Sea
Babolsar 894.5 16.6 856.8 1951-2005 Caspian Sea
Gorgan 622.3 17.8 942.3 1956-2005 Caspian Sea
Ramsar 1224.2 15.9 814.8 1956-2005 Caspian Sea
Rasht 1358.8 16.2 836.2 1956-2005 Caspian Sea
Bushehr 280.3 24.5 1721.9 1951-2005 Persian Gulf
Bandar Abbas 182.5 27.3 2467.4 1957-2005 Persian Gulf
Abadan 156.5 25.3 2389.1 1952-2005 Persian Gulf

Standardized Precipitation Index (SPI)

In order to calculate the standardized precipitation index (SPI) is generally followed the bellow steps:
1. The most appropriate probability distribution which can be fitted on the total precipitation data in a given

time window (for example, 3, 6, 9 and 12 months) was determined. It is expressed the best fit function
for monthly precipitation data in the United States is the gamma distribution (McKee et al., 1993). A
similar result has been obtained in various climates of Iran (Bazrafshan, 2002).  

2. The cumulative probability for each precipitation amount in a given time window was estimated from the
appropriate probability distribution.

3. The cumulative probability is then transformed to the standard normal random variable z with mean zero
and variance of one, which is the value of the SPI.
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Reconnaissance Drought Index (RDI)

The RDI has been presented as the two mathematical forms including normalized form and standardized
form (Tsakiris & Vangelis, 2005). In this paper, the later form is used. The Standardized RDI has been defined
as follows:

   (1)

where                    ,        and       are  the  mean and standard deviation of      , respectively. The 

     is the ratio between the sum of total precipitation along a reference period (in mm) given by          
over  the  sum of total potential evapotranspiration (Thornthwaite, 1948) along the same reference period (in 

mm) given by               and as the following equation is expressed:

  (2)
where k is the reference period and equal to 1, 2, 3 and 4 has been considered. The substitute j is a given
month number (1 for October, 2 for November, 3 for December, 4 for January, …, and 12 for September).
For example, for k = 1 the equation (2) uses the sum of total precipitation and the sum of total potential
evapotranspiration in months October, November, and December in each year. 

Statistical test

After calculating SPI and RDI for the same time periods, a linear correlation relation is established as:

  (3)
where a and b are constants. It is clear that, from equation (3), the precipitation alone will be sufficient for
monitoring meteorological drought if SPI = RDI or a = 0 and b = 1. It is desired to test the null hypotheses
that the slope b is equal to one and the intercept a is equal to zero. The alternative hypotheses are b … 1 and
a … 0, respectively. To test these hypotheses the two-tailed t-student test was used. The statistics of t-student
test for b (i.e., tb) and a (i.e., ta) are expressed as (Rezaei and Soltani, 1998):

(4.a)

(4.b)

where SE(b) and SE(a) are the standard error of b and a, respectively. According to the null hypotheses, tb

and ta have a t-distribution with n-2 degrees of freedom (n is number of data). Once a t value is determined,
a p-value can be found using a table of values from Student's t-distribution. The null hypothesis is rejected
in favor of the alternative hypothesis when the calculated p-value is below the threshold chosen for statistical
significance (usually the 5% level).

Results and Discussion  

As we know, the amount of precipitation is a very important factor to monitor meteorological droughts
in a given site. However, two sites with equal precipitation may not experience the same meteorological
droughts. The reason is that the amount of evapotranspiration in these two sites may be different. As a case
study, the role of potential evapotranspiration in monitoring meteorological droughts in the two areas of
contrasting climates of Iran (one in the south of the Caspian Sea and another in the north of the Persian Gulf)
was evaluated. In the following, first, the monthly total precipitation and potential evapotranspiration regimes
for the selected stations of two areas is examined. Then, the relationship between precipitation and potential
evapotranspiration is evaluated. Finally, the adequacy of SPI in the areas under study will be checked. 

The long term monthly mean of precipitation and potential evapotranspiration for Bandar Anzali (very
humid costal station) and Bushehr (very dry costal station) are shown in Figure 2, for example. In the Bandar
Anzali station (Figure 2.a), the amount of precipitation during the eight months of the year (September to
April) is more than the potential evapotranspiration and the remaining months have opposite situation. Against,
in the Bushehr station (Figure 2.b), except for months December, January, and February, which the amount
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of precipitation is greater than potential evapotranspiration, the opposite situation in the remaining months of
the year is established. An important note from Figure 2 is that in the Bandar Anzali station, there is some
precipitation in each month of the year, but in the Bushehr station, the amount of precipitation in the months
May to October is almost zero.

In an attempt to search for the relationship between precipitation and potential evapotranspiration in the
areas of interest, it was revealed that there is no significant correlation between these two variables during the
available record of each station. Instead, as shown in Figure 3, it was found that a significant correlation exists
between precipitation (P) and the ratio of precipitation to potential evapotranspiration (P/PET). This result
strengthens the existence of a suitable regression equation between the SPI (only based on P) and the RDI
(based on P/PET ratio). With regard to Figure 3, it can be observed that moving from a very humid climate
(the Bandar Anzali station) to a very dry climate (the Bushehr station) the slopes of the lines are diminished.
Furthermore, the P/PET ratio for the stations located in humid climate is greater than those located in dry
climate.

Table 2: The correlation coefficients of SPI and RDI at the time windows 3, 6, 9 and 12 months in the stations studied.
Station Time window in months

-----------------------------------------------------------------------------------------------------------------------------------------------
3 6 9 12

Bandar Anzali 0.981 0.953 0.978 0.985
Babolsar 0.955 0.943 0.978 0.979
Gorgan 0.940 0.918 0.943 0.951
Ramsar 0.978 0.949 0.980 0.983
Rasht 0.981 0.953 0.973 0.971
Abadan 0.974 0.970 0.954 0.942
Bandar Abbas 0.991 0.975 0.973 0.972
Bushehr 0.992 0.978 0.978 0.976

Fig. 2: Monthly mean of total precipitation (P) and potential evapotranspiration (PET) in the Bandar Anzali
(a) and Bushehr (b) stations. 
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Fig. 3: Relationship between precipitation (P) and the ratio of precipitation to potential evapotranspiration
(P/PET) in three costal stations.

The two indices, SPI and RDI, were calculated for four time windows, i.e., 3 months (October to
December), 6 months (October to March), 9 months (October to June), and 12 months (October to September)
in all stations of interest. Coefficients of correlation between SPI and RDI for the mentioned time windows
are presented in Table 2. As can be seen, all coefficients are greater than 0.9 and significant at the 5% level.
The regression equations of SPI vs. RDI at four time windows in the Bandar Anzali station (representative
humid costal stations) and the Bushehr station (representative dry costal stations) are shown in Figure 4. An
examination of the figure shows that there is a direct linear relationship between SPI and RDI at the mentioned
time windows. Such relationships were also found in other stations (Table 3). 

Fig. 4: Relationship between SPI and RDI at the time windows 3, 6, 9 and 12 months (a, b, c and d,
respectively) in the Bandar Anzali station.
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Table 3: Statistical tests of the regression equations at the time windows 3, 6, 9, and 12 months in the stations of interest. 
Station Time window Regression equation ta p-value tb p-value
Bandar Anzali 3 months SPI = -0.0061 + 0.998 RDI -0.206 0.837 -0.081 0.935

6 months SPI =  0.0013 + 0.955 RDI  0.029 0.976 -1.001 0.322
9 months SPI =  0.0176 + 0.986 RDI  0.564 0.575 -0.439 0.662
12 months SPI =  0.0390 + 1.030 RDI  1.512 0.137 1.134 0.262

Babolsar 3 months SPI = -0.0149 + 0.949 RDI -0.337 0.737 -1.158 0.252
6 months SPI = -0.0217 + 0.933 RDI -0.438 0.663 -1.382 0.173
9 months SPI = -0.0072 + 0.965 RDI -0.237 0.813 -1.159 0.252
12 months SPI = -0.0016 + 0.972 RDI -0.054 0.956 -0.954 0.344

Gorgan 3 months SPI = -0.0639 + 0.965 RDI -1.244 0.219 -0.673 0.503
6 months SPI = -0.0312 + 0.935 RDI -0.520 0.605 -1.082 0.284
9 months SPI = -0.0048 + 0.948 RDI -0.094 0.925 -1.051 0.298
12 months SPI = -0.0012 + 0.951 RDI -0.025 0.979 -1.059 0.294

Ramsar 3 months SPI =  0.0193 + 0.967 RDI  0.632 0.530 -1.086 0.282
6 months SPI = -0.0189 + 0.949 RDI -0.406 0.686 -1.098 0.277
9 months SPI = -0.0107 + 0.980 RDI -0.368 0.714 -0.678 0.500
12 months SPI = -0.0094 + 0.986 RDI -0.344 0.732 -0.505 0.615

Rasht 3 months SPI =  0.0005 + 1.000 RDI  0.015 0.987  0.094 0.924
6 months SPI = -0.0170 + 0.969 RDI -0.380 0.705 -0.686 0.495
9 months SPI = -0.0054 + 0.982 RDI -0.156 0.876 -0.517 0.607
12 months SPI = -0.0047 + 0.978 RDI -0.132 0.894 -0.616 0.540

Abadan 3 months SPI = -0.0036 + 0.982 RDI -0.105 0.916 -0.528 0.599
6 months SPI = -0.0008 + 0.966 RDI -0.022 0.982 -0.933 0.355
9 months SPI =  0.0156 + 0.960 RDI  0.344 0.731 -0.881 0.382
12 months SPI =  0.0151 + 0.949 RDI  0.298 0.766 -1.022 0.312

Bandar Abbas  3 months* SPI =  0.0365 + 0.940 RDI 2.116 0.039 -3.226 0.002
6 months SPI = -0.0132 + 0.973 RDI -0.408 0.684 -0.823 0.414
9 months SPI = -0.0163 + 0.969 RDI -0.487 0.628 -0.914 0.365
12 months SPI = -0.0157 + 0.968 RDI -0.451 0.654 -0.921 0.361

Bushehr 3 months SPI = -0.0105 + 0.985 RDI -0.570 0.571 -0.842 0.404
6 months SPI = -0.0005 + 0.978 RDI -0.014 0.988 -0.719 0.475
9 months SPI =  0.0089 + 0.982 RDI  0.285 0.776 -0.570 0.570
12 months SPI =  0.0078 + 0.979 RDI 0.237 0.813 -0.638 0.526

* The null hypothesis was rejected at the 5% level.

Fig. 5: As Figure 4, but for the Bushehr station.
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In order to investigate the adequacy of SPI for monitoring meteorological drought, the statistical test of
t-student was performed on the regression relations of SPI vs. RDI at the stations of interest. Table 3 shows
the statistical testing of the hypotheses encountered in section 2.3. As shown in the table, the null hypothesis
(SPI is equal to RDI) for all stations and for the selected time windows (except for the time window 3 months
in the Bandar Abbas station) were accepted at the 5% level. According to the obtained results, it can be
concluded that the SPI (or precipitation) alone is adequate to monitor the meteorological droughts in extreme
costal climates of Iran. The study confirms the findings of previous studies which expressed SPI and RDI
produce the same results.

Conclusion
This study was done to answer the question “Is the SPI sufficient to monitor meteorological droughts in

the extreme coastal climates of Iran?” For finding the answer of the question, the Standardized Precipitation
Index (SPI) which is only based on precipitation, and Reconnaissance Drought Index (RDI) which is based
on precipitation and potential evapotranspiration, was compared at eight coastal stations of Iran. Five stations
from the southern coast of the Caspian Sea were selected and three stations from the northern coast of the
Persian Gulf. Statistical analyses showed that both drought indices are highly correlated with each other and
provide similar results. Therefore, the study strongly proposes the SPI for detecting meteorological droughts
in the extreme costal climates of Iran.
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