
Sigma J Eng Nat Sci, Vol. 44, No. 3, pp. 1597−1618, June, 2026

Sigma Journal of Engineering and Natural Sciences
Web page info: https://sigma.yildiz.edu.tr

DOI: 10.14744/sigma.2025.1948

Research Article

Investigation of the usability of modified aSPI and eRDI indexes in 
Sanliurfa Province and determination of temperature and precipitation 

trends 

Murat BATAN1,*
1Department of Civil Engineering, Batman University, Batman, 72060, Türkiye

ARTICLE INFO ABSTRACT

The frequency and intensity of drought events have increased due to the increasing impact 
of global warming for the last 20 years. Drought primarily affects agricultural activities, as 
approximately 70% of freshwater resources are used in agricultural production. Sanlıurfa 
province, located in the Southeastern Anatolia Region and one of the regions struggling with 
drought, is known for its intense agricultural production. Therefore, it is important to take 
measures against drought in Sanlıurfa province. The purpose of this research is to investigate 
the usability of aSPI (Agricultural Standardized Precipitation Index) and eRDI (Effective Re-
connaissance Drought Index) methods, which are newly used in the literature and provide 
more sensitive results in agricultural drought analysis, in Sanlıurfa province. In addition, the 
causes of droughts have been tried to be understood with research on the trends in tempera-
ture and precipitation data. Consequently, agricultural drought analyses were conducted with 
aSPI and eRDI modified methods. Drought analyses were also performed with SPI (Standard-
ized Precipitation Index) and RDI (Reconnaissance Drought Index) methods and compared 
with modified methods. In this study, 31 years of precipitation and temperature data between 
1993 and 2023 of Sanlıurfa province were obtained from the Meteorology General Directorate 
(MGM). The analysis results based on aSPI and eRDI show similarities with the original SPI 
and RDI analysis results. However, the drought classes of some years were different. While 
2017 was severely arid in the original methods, it was extremely arid in the modified methods. 
In addition, the years 2014, 2015 and 2023, which were mildly arid in most methods, were not 
mildly arid in some methods. In addition to the main purpose of the research, findings of the 
Mann-Kendall trend analysis, based on the 0.05 significance level, determined that the annual 
minimum and maximum temperatures are trending upward. For this reason, it was deter-
mined that rising temperatures are increasing drought. For this reason, it is necessary to take 
action to lower evaporation, especially in the summer months in Sanlıurfa province. The use 
of aSPI and eRDI methods should be expanded in the investigation of agricultural drought.
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INTRODUCTION 

The agriculture sector is most affected by drought and 
global warming because it is the sector that uses the most 
freshwater [1]. Therefore, in addition to combating these 
negativities, adaptation efforts must also be carried out. 
Recently, both academics and government officials have 
been making great efforts to cope with the effects of global 
warming, and countries are allocating large budgets for this 
[2-5]. These efforts include; switching from fossil fuels to 
renewable energy sources to reduce greenhouse gas emis-
sions, switching to irrigation methods such as sprinkler 
and drip to save water and encouraging the cultivation of 
crops that consume less water, building underground dams 
to reduce evaporation, and conveying water through closed 
pipes. In addition, conducting drought analyses to take pre-
cautions against drought is also included in these efforts. 
[3,6-8].

Any disturbance in the agricultural sector or water 
resources jeopardizes the provision of basic require-
ments such as food and water, causing hunger and thirst. 
Therefore, it is critical that we give this issue more atten-
tion. Climate modeling and drought evaluations have been 
conducted often in recent years to avoid negative impacts 
on water acquisition, which is critical in the agriculture sec-
tor [3,9-12]. Drought can have devastating effects on the 
agricultural sector. Therefore, it is important to determine 

the location, severity and frequency of drought [2,3,13]. 
Numerous drought studies conducted in recent years have 
revealed that the frequency and severity of droughts have 
increased in many regions [9,14,15].

Drought is defined as rainfall that is less than normal 
or below the long-term average in the literature [10, 16]. 
In addition, four types of drought are defined in the litera-
ture. These drought types are meteorological, hydrological, 
agricultural, and socioeconomic drought. Meteorological 
drought is defined as receiving less rainfall than usual for at 
least 30 years and is the initial stage of drought. Agricultural 
drought is described as the inability of plants to meet their 
needs due to low soil moisture levels. It arises as a result 
of diminishing water supplies. Agricultural drought is the 
second stage of drought and occurs after meteorologi-
cal drought. Hydrological drought is characterized by the 
reduction of underground and surface water resources due 
to lack of rainfall and is the third stage of drought. It occurs 
following an agricultural drought. It can continue the effect 
of hydrological drought for many years. Socio-economic 
drought examines the effect of drought on socio-economic 
systems and thus on people’s socio-economic status and 
behavior [17-19]. 

The causes of four types of drought and their conse-
quences are summarized in Figure 1. The diagram empha-
sizes that the main reasons for the onset of drought are lack 

Figure 1. Diagram showing the timing, causes, and effects of four drought types [20,21] [created by author]
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of rainfall and increased temperatures and that these effects 
negatively affect agricultural activities and living things 
[20,21]. 

The literature contains a wide variety of drought anal-
ysis techniques. Each method may obtain better results for 
different purposes or for different drought types in different 
regions. A method can be developed to overcome the short-
comings of another method, or a method can be improved 
by modification [22].

In literature, there are methods used for differ-
ent drought indicators, such as the SPI, aSPI, RDI, 
eRDI, Percentage of Normal Index (PNI), Standardized 
Precipitation Evapotranspiration Index (SPEI), Aridity 
Index (AI), Streamflow Drought Index (SDI), Palmer 
Hydrological Drought Index (PHDI), Precipitation Deciles 
(PD), Normalized Difference Vegetation Index (NDVI), 
Erinç Drought Index (EDI), De Martonne-Gotmann Index 
(DMGI), Relative Soil Moisture (RSM), and Effective 
Drought Index (EDI), [3,21,23,24].

Some of these methods analyze the drought with only 
one data type. Some methods require many different data 
types for drought analysis [23,25]. Methods that require 
only one or two types of data are simple and practical. In 
addition, analysis can be performed in regions where suf-
ficient data cannot be obtained with these methods [24]. 
Methods such as SPI, aSPI, PNI, DI, EDI, and SDI only ana-
lyze the drought with precipitation data. RDI, eRDI, DMGI, 
and AI methods require precipitation and temperature data 
for drought analysis. Methods such as PHDI, PMDI, and 
SPEI require more than two data types [13,21,23,26].

The SPI method is the most popular method in the 
literature and is a simple, useful method that can produce 
very good results. The RDI method, which has been widely 
used in scientific research for the last 15 years and has 
given good results, performs drought analyses using PET 
values ​​and precipitation data. Meteorological and agri-
cultural drought analyses can be performed with the SPI 
and the RDI methods [8,27,28]. In the literature, partic-
ular  approaches  have  been  created  for  the  desired  objec-
tives, and new methods have been obtained [29]. For 
example, the DI method was created to solve the com-
putational problems in the PNI approach [30]. Similarly, 
aSPI and eRDI methods were developed by using effective 
precipitation data instead of precipitation data in order to 
make more effective the SPI and RDI methods in agricul-
tural drought analysis. The aSPI and the eRDI methods 
have been shown to give more accurate results in pre-
dicting agricultural droughts, especially in arid regions 
[12,29,31-33]. After the aSPI and eRDI methods emerged 
and their competence was proven, these methods can be 
used directly in agricultural drought analyses without any 
further research. In this way, the researcher saves time and 
labor. In addition, as seen in the results of this study, by 
determining drought classes more precisely, more accurate 
measures can be taken. This will also avoid economic loss.

The reason why aSPI and eRDI methods were used in 
this study in Türkiye is the idea that these methods can 
also give good results in Türkiye, especially since they 
give good results in a country under the influence of the 
Mediterranean climate such as Greece. For this reason, it 
would be beneficial to try these methods in a province of 
Turkey where agricultural activities are intensive. Sanlıurfa 
province, which is affected by drought and where crops 
with high water consumption such as cotton, pistachios and 
corn are grown, was suitable for applying these methods. 
In addition, the agricultural sector in Şanlıurfa province 
is very dependent on irrigation due to drought and high 
evaporation. Although large dams were built to meet the 
irrigation needs, this was not enough. Irrigation problems 
are experienced especially in the summer months. For this 
reason, it has become necessary to take some precautions.

In this study, drought analyses with SPI, aSPI, RDI, and 
eRDI methods were performed for Sanlıurfa province. The 
DrinC (Drought index Calculator) program was used for 
the analyses. The results obtained from the methods used 
in the study were compared. The objective of this study is to 
ascertain more sensitive the agricultural drought situation 
of Sanlıurfa province. It was tried to determine whether 
the aSPI and eRDI methods, which are newly used in the 
literature can be used in determining agricultural drought 
in Şanlıurfa province. In addition, long-term temperature 
and precipitation trends were investigated using the Mann-
Kendall trend analysis method to determine the causes of 
drought in Sanlıurfa province. All results were visualized 
with graphics.

When the studies in the literature are examined, it has 
been determined that aSPI and eRDI have not yet been used 
in Turkey. For this reason, this study is important in terms 
of showing the applicability of this modified methods in the 
drought-affected Sanlıurfa province. This study conducted 
for Şanlıurfa province aims to eliminate this deficiency in 
the literature.

Literature Review
In the above paragraph, it was stated that the use of aSPI 

and eRDI methods in the literature is limited, although they 
give good results. For this reason, drought analysis studies 
with these methods should be carried out as soon as pos-
sible, especially in regions or provinces where agricultural 
activities were intensively carried out in Turkey. In the lim-
ited number of studies in the literature, traditional methods 
and modified methods were generally compared. In some 
studies, drought analyses were conducted with traditional 
methods to determine the drought status of a region. These 
studies are given below.

In a study conducted with the SPI method, monthly and 
annual drought analyses were conducted at Siirt, Gaziantep, 
and Siverek stations in the Southeastern Anatolia Region of 
Turkey. According to the annual analysis results, although 
there were differences between stations, it was determined 
that severe drought occurred between 12% and 20% [34].
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In another study conducted for the Southeastern 
Anatolia Region in Turkey, drought analyses were con-
ducted for 18 stations using SPI and RDI methods. The 
results of the two methods were similar. According to the 
annual SPI analysis results, the driest station was Gölbası 
station with 55.5%, while according to the annual RDI 
analysis results, Kilis station was determined as the driest 
station with 53.5% [35]. In the drought analysis study con-
ducted for Batman and Diyarbakır provinces, which are 
two provinces located in the Southeastern Anatolia Region, 
meteorological and hydrological drought analyzes were 
conducted for the period 1990-2020 with four different 
indexes including the SPI and the RDI. The analysis results 
showed that both provinces were affected by drought 
during the analyzed period [36].

As in this study, in a study conducted with the SPI 
method for the Sanlıurfa province, data from 5 stations in 
Sanlıurfa were used, and drought analyses were made for 2 
different periods (1975-1997 and 1997-2019). According to 
the annual analysis results at all stations, there were increases 
in the severity, frequency, and duration of droughts in the 
second period compared to the first period [37].

In another study conducted for the Sanlıurfa province, 
drought analyses were conducted using 78 years of precip-
itation data covering the period 1937-2014 for different 
time scales using the SPI method. According to the analysis 
results, it was determined that the number of dry months 
in the 1986-2014 period was higher than the number of dry 
months in the 1937-1985 period [38]. When the studies 
conducted in Turkey are examined, it has been determined 
that some studies have been conducted with original meth-
ods, and drought analysis studies have not been conducted 
with modified aSPI and eRDI methods. Therefore, it is nec-
essary and important to conduct drought analysis studies 
with modified methods in Turkey.

Drought assessments were carried out using SPI and 
RDI methods on 43 years of temperature and precipitation 
data from the Banas River basin in India. According to the 
findings of both techniques, drought has grown in several 
areas in recent years. As a result, it was determined that 
temperature and precipitation variations have an impact on 
agricultural indicators [14].

Another study that used SPI and RDI methods was 
carried out in Ghana’s Tano River basin. Drought analyses 
were performed with the DrinC program on various time 
scales. The results of the two methods were compared with 
regression analysis. Based on the findings, the correlation 
values ​​for time periods of 1, 6, and 12 months were obtained 
as 0.98, 0.97, and 0.88, respectively. In other words, it was 
determined that there was a higher correlation between the 
two methods at shorter time periods [19].

In some drought analysis studies, future drought condi-
tions have been estimated according to future climate sce-
narios [11]. In one of these studies, drought analyses were 
conducted with the DrinC program using historical data 
and future data estimated with the RCP4.5 scenario with 

SPI, RDI, and SDI methods. According to the results, while 
severe and extreme droughts occurred once every 2 years in 
the past, it was determined that this occurrence frequency 
will be 5 years in the future [13]. 

In another a study on estimating future drought con-
ditions, future drought conditions were determined using 
CMIP5 (Coupled Model Intercomparison Project Phase 5) 
climate data in the Tana Lake basin in Ethiopia with SPI, 
RDI, and SDI methods based on scenarios from RCP4.5 
and RCP8.5. It was determined that droughts in the future 
periods will be seen every 2 years according to SPI and 
RDI methods. Although there are different percentages on 
various time periods, it was determined that the drought 
percentage in the future will increase between 17.24% and 
20.69% [27].

When the studies on aSPI and eRDI indexes used to 
determine agricultural drought in the literature are exam-
ined, the first studies are on the comparison of modi-
fied aSPI and eRDI methods with the original SPI and 
RDI methods. One of these studies was conducted with 
RDI and eRDI methods in agricultural areas of Greece 
with Mediterranean climatic conditions. The connection 
between drought analysis findings and crop yields for the 
analyzed period was tried to be understood by determin-
ing the correlation coefficients. Based on the findings of the 
analysis, it was concluded that the eRDI method gave better 
results than original the RDI method [31].

In another a study conducted for Greece, drought anal-
yses were conducted for four regions of Greece using aSPI 
and SPI methods. Drought analysis results were compared 
with annual crop yields and annual crop loss rates. In these 
comparisons, aSPI results were determined to have a higher 
correlation than SPI results [32].

In an investigation carried out in the central plateau 
basin of Iran, drought analyses were conducted using aSPI, 
eRDI, aSPEI, and TWSDI (Terrestrial Water Storage Deficit 
Index) methods. Based on the findings of the analysis, it 
was determined that the findings of the eRDI and aSPI 
approaches were compatible with a high correlation [39].

In a study conducted in Saudi Arabia, drought analyses 
were conducted with 6 drought indices, including aSPI and 
eRDI methods, in its region where 70% of Arabia is known 
to be affected by drought. With the analyses, dry years and 
the longest dry period were determined for the period 
1985–2020 [40]. In a study conducted for the Balochistan 
region in Pakistan, drought analyses were conducted for the 
period 1992-2021 with SPI, SPEI, and aSPI methods. It has 
been determined that many cities in the Balochistan region 
have severe and extreme drought years [41]. In a drought 
analysis study conducted for Sindh region, another region 
of Pakistan with a significant history of drought, monthly 
precipitation data between 1961-2004 were used to conduct 
drought research for different time periods with the SPI 
index. The analysis results showed that clearer results were 
obtained for longer time scales of 24 and 48 months. Sindh 
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region was affected by drought in the early 1960s and late 
1970s [42]

In an investigation carried out in Greece on the integra-
tion of aSPI and eRDI methods into the DrinC program, it 
was determined that aSPI and eRDI methods can be used to 
determine agricultural drought [33]. Again, in a study con-
ducted in Greece, winter wheat yield values were compared 
with eRDI and RDI drought indices ​​in different periods. It 
was determined that the eRDI method gave better results 
over all time periods [24]. 

In another study comparing yield values ​​with drought 
indices, yield values ​​of rainfed maize plants in the Sinaloa 
region of Mexico were compared with indice values ​​of SPI, 
aSPI, RDI, and eRDI methods using Pearson and Spearman 
correlation methods. It was determined that modified 
methods gave better results [43].

Drought analyses were conducted for the period 1982-
2018 with aSPI and SVSWI (Standardized Vegetation Supply 
Water Index) in 4 regions of China. Drought analysis results 
were compared with the yield values of winter wheat and 
summer corn crops during this period by the Pearson cor-
relation method. The analysis’s findings demonstrated that 
extreme drought events increased after 2000. This had an 
impact on the winter wheat growing period of December-
May [44].

In some studies, the usability of the aSPI and eRDI meth-
ods has been investigated by using tree ring data instead 
of yield values. In comparisons performed to understand 
the influence of drought on the development of the Black 
Pine tree growing in the Mediterranean area, it was deter-
mined that the indice values ​​of the aSPI and eRDI methods 
showed a higher correlation with the ring data [45].

Some studies have also investigated the usability of 
modified methods in humid and arid areas. In one of these 
studies, drought analyses were conducted with eRDI and 
RDI methods at 22 synoptic stations in Iran. Considering 
the analysis’s conclusions, it was concluded that the results 
of the RDI method and eRDI method were very similar in 
humid regions, but the eRDI method gave better results in 
stations with arid and extremely arid conditions [46].

There are other modified methods developed in the lit-
erature as an alternative to SPI and RDI methods. One of 
these methods is the mnSPI modified method. This method 
employed time-varying parameters to assess the potential 
threat of drought events. In an investigation carried out in 
the Jinsha River Basin, it was found that the mnSPI method 
gave better results [29].

MATERIALS AND METHODS

Information About the Study Area
Sanlıurfa is located in the southeast of Turkey, between 

370 49’ - 400 10’ east longitude and 360 41’ - 370 57’ north 
latitude [47]. Sanlıurfa province is the 7th largest province 
in Turkey, with a total area of 18765 km2 [48]. Sanlıurfa has 
a continental climate with quite hot and dry summers and 
cold winters [45]. There is a temperature difference, espe-
cially between day and night. Since it is far from the sea, the 
humidity is low compared to the coastal areas. It is shown 
among the hottest provinces of Türkiye [47]. As seen in 
Figure 2, Sanliurfa province has 10 districts [49].

The average annual temperature of Sanlıurfa province 
is 18.4°C, and the average precipitation height is 463.6 mm. 
The annual maximum temperature in the period 1929-
2019 is 46.8°C [50]. Figure 3 displays the monthly average 

Figure 2. Sanlıurfa province and its districts [49] [created by author].
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temperature and total precipitation statistics for Sanlıurfa 
during the last decade (2014–2023).

Sanlıurfa has a high level of agricultural activity. The 
agricultural area in the province corresponds to approx-
imately 5% of the total agricultural area of Turkey and 
36% of the agricultural area of the GAP region. Sanlıurfa 
province’s agricultural area of approximately 12,200,000 
decares constitutes 59.3% of its total land area. Sanlıurfa’s 
agricultural area is the third largest in Turkey, after Konya 
and Ankara [51,52]. For this reason, agriculture has an 
important place in the economy of Sanlıurfa. The pro-
duction of crops such as cotton, red pepper, pistachio 
and corn in Sanlıurfa province has an important share in 
Turkey’s production. The shares of these crops in Turkey’s 
production are 41.95%, 38.76%, 34% and 11.82%, respec-
tively [53]. Most of these crops have high water consump-
tion and high economic value. On the other hand, water 
losses are high in Sanlıurfa province. In periods when 
summer rainfall is insufficient, irrigation is inevitable to 
prevent a decrease in crop yield. 

Data Utilized in the Research
In  this  investigation, SPI, aSPI, RDI, and eRDI meth-

ods were used for drought analyses in Sanlıurfa province. 
Drought study requires at least 30 years of data. For this 
reason, drought analysis was based on 31 years of monthly 
total precipitation, monthly maximum temperature, and 
monthly minimum temperature data obtained from the 
MGM from 1993 to 2023. The data and methods used are 
described in Table 1 below. Annual maximum and mini-
mum temperature values, annual average temperature 

values, and annual average total precipitation values were 
used as trend analysis data.

There is no deficiency in temperature data from the 
data used. In the precipitation data, it was seen that in some 
months the precipitation was zero, that is, there was no pre-
cipitation. When these months were examined, it was seen 
that there was generally no precipitation in the summer 
months, so this was thought to be normal. In a drought-af-
fected province like Sanlıurfa, it is normal to be no precip-
itation in the summer months. If there was a lack of data 
due to a measurement deficiency in other months, these 
missing data could be completed by taking the arithme-
tic average of the data of the three neighboring provinces 
in those months. Neighboring provinces are adjacent to 
Şanlıurfa province and have similar climate characteris-
tics. Therefore, it is not thought that spatial change prob-
lems will be very effective in completing the missing data. 
In addition, the arithmetic method used in completing the 
missing data is a widely used method in the literature. Since 
PET data are calculated using temperature and precipita-
tion data in the DrinC program, there is no missing data in 
the PET data. Of course, there may also be a possibility of 
measurement error in the data used. However, MGM has 
been making meteorological measurements with automatic 
precision devices for the last 15-20 years. This minimizes 
measurement errors.

When conducting drought analyses with the DrinC pro-
gram, long-term data should be arranged according to the 
hydrological year. For this reason, in all methods, the data 
were organized so that the data began in October, which is 
the first month of the hydrological year, and concluded in 
September, which is the last month [54].

Figure 3. Average of monthly precipitation and temperature data of Sanlıurfa province for the period 2014-2023 (Source: 
Author).
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METHODS USED IN ANALYSIS

Standardized Precipitation Index (SPI)
The SPI method created by McKee, Doesken, and Kleist 

in 1993 is among the most widely used methods [37]. Its 
use has become very widespread due to its simple struc-
ture, low data requirement, and good results. It is used in 
the assessment of meteorological and agricultural drought. 

In the SPI method, the gamma density function is 
applied to the total monthly precipitation data. As seen in 
Equation (1), SPI index values are found by deducted the 
long-term precipitation averages from the total monthly 
precipitation data and dividing by the standard deviation 
[38]. There is no drought if the SPI indices are positive; on 
the other hand, a drought exists if they are negative. In the 
classification table given in Table 4, drought categories are 
given according to the indice values.

	 	
(1)

In the formula, Xij is the monthly total precipitation at 
the jth observation at the ith precipitation station, Xim is the 
long-term average precipitation, and σ represents the stan-
dard deviation.

Unıted Nations Environment Programme Aridity Index 
(UNEP-AI)

This index was applied to select the method using for 
calculating the effective rainfall data to be used in the mod-
ified aSPI and eRDI methods. In the analysis made with 

this method, Sanlıurfa province was found to be semi-arid 
with an aridity index value of 0.22. The UNEP aridity index 
value (AIUNEP) is calculated as given in Equation (2) [55]: 

	 	 (2)

P represents the annual total precipitation (mm), and 
PET represents annual total potential evapotranspiration 
(mm). Drought categories of the UNEP aridity index are 
given in five classes in Table 2.

Agricultural Standardized Precipitation Index (aSPI)
A modified version of the SPI method is called as the 

aSPI method and is accepted to be a more effective method 
for determining agricultural drought [32,33]. It is clear from 
the investigations in the literature that the aSPI method is 
more suitable for use in regions where drought is effective, 
data acquisition is limited, and comprehensive drought 
indexes cannot be used [32,39,44].

In the aSPI method, effective precipitation (Pe), which is 
the amount of precipitation utilized by plants, is used instead 
of the monthly total precipitation. Pe is characterized as the 
proportion of precipitation entering the plant root zone. 
There are four different methods to calculate Pe in the liter-
ature. These methods are the USBR (United States Bureau 
of Reclamation) method, which is an empirical method, the 
USDA-SCS (United State Department of Agriculture-Soil 
Conservation Services) method, the shortened form of the 
USDA-SCS method and the empirical method proposed by 
FAO (Food and Agriculture Organization). Among these 
methods, USBR and USDA-SCS methods are suitable for 
use in semi arid and arid areas [31,43]. Therefore, firstly 
the drought situation of Sanlıurfa province was determined 
with the UNEP aridity index. According to the results of 
this analysis, Sanlıurfa province was found to be semi-
arid with a indice value of 0.22. For this reason, the USBR 
method, an empirical method that gives more good results 
from USDA-SCS method in semi-arid and arid areas, was 
chosen for calculating Pe [32,56]. In the USBR method, 
total precipitation (P), actual evapotranspiration (ETc), and 
soil water storage factor (SF) are used in the calculations as 
shown in Equation (3) and Equation (4), [32].

Table 1. Methods used in drought analysis, data types used, periods analyzed, and drought types determined by the methods

Method Data type used Period Drought type
SPI Monthly total precipitation data 1993-2023 Meteorological and Agricultural
RDI Monthly total precipitation data and monthly minimum and 

maximum temperature data for PET calculation
1993-2023 Meteorological and Agricultural

AIUNEP Total annual precipitation and total annual evapotranspiration 1993-2023 Meteorological and Agricultural
aSPI Monthly total effective precipitation data 1993-2023 Agricultural
eRDI Monthly total effective precipitation data and monthly minimum 

and maximum temperature data for PET calculation
1993-2023 Agricultural

Table 2. UNEP aridity index drought classes [55] [created 
by author]

UNEP Aridity Index
AIUNEP < 0.05 Hyper-arid
0,05≤ AIUNEP < 0.20 Arid
0,2 ≤ AIUNEP < 0.5 Semi-arid
0,5 ≤ AIUNEP < 0.65 Dry sub-humid
AIUNEP ≥ 0.65 Humid
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	 	 (3)

	 	 (4)

Here, D represents the usable soil water storage. It 
makes up 40%-60% of the available soil moisture in the 
plant root zone. The unit of the parameters in the equation 
is mm. Figure 4 shows the variation of P and Pe based on 
the USBR technique.

According to the USBR method, Table 3 shows the 
determination of effective precipitation with percentages 
determined according to the amount of monthly total pre-
cipitation values. 

Reconnaissance Drought Index (RDI)
Tsakiris and Vangelis developed the RDI method for 

observing the meteorological and agricultural drought. 

[58]. The RDI method is frequently applied in semiarid 
and arid areas. The basic data required for the calculation 
of RDI are monthly total precipitation (P) and potential 
evapotranspiration (PET). PET is defined as the maximum 
amount of water lost through evaporation and transpira-
tion when water is sufficient. For  the  PET  computation, 
maximum, minimum, average temperature, and amount of 
space radiation data are used as shown in Equation (8).

To find the RDI indice values, after calculating the ini-
tial value , RDInor (normalized) and RDIstd (standardized) 
values are calculated [58,59]. The equations used to calcu-
late the , RDInor and RDIstd are given with Equation (5), 
Equation (6), and Equation (7).

	 	
(5)

Here, 𝑃𝑖𝑗 represents total precipitation for the jth month 
of the ith year, 𝑃𝐸𝑇𝑖𝑗 is the PET value of the same period. 

Table 3. Percentages corresponding to monthly precipitation to estimate effective precipitation according to the USBR 
method [45] [created by author]

Monthly precipitation (mm) Effective precipitation (mm) (percentage of montly precipitation)
0.0-25.4 90%-100%
25.4-50.8 85%- 95%
50.8-76.2 75%-90%
76.2-101.6 50%-80%
101.6-127.0 30%-60%
127.0-152.4 10%-40%
>152.4 0%-10%

Figure 4. Change with monthly effective precipitation (Pe) of monthly total precipitation (P) according to the USBR meth-
od [31] [created by author]
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The hydrological year between October and September 
serves as the basis for the analysis (k=1 for October, k=12 
for September), and N is the total number of years.

	 	
(6)

Here, µk is the arithmetic mean of 𝑎k values.

	 	
(7)

Where, 𝑦k
i is the natural logarithm of 𝑎k, ln(𝑎𝑘(𝑖)), µk is 

the arithmetic mean of 𝑎k, 𝜎 is the standard deviation of 𝑎k.
PET values used to calculate RDI indice values can 

be calculated by four methods. These methods are the 
Hargreaves, Thornthwaite, Blaney-Criddle, and Penman-
Monteith methods [22]. Among these methods, the 
Thornthwaite method, which uses the average temperature 
in analyses, is frequently used. However, when the tempera-
ture is zero or lower, the PET value is zero and the findings 
may be incorrect. In this research, the Hargreaves-Samani 
method was employed for PET calculation since there are 
temperature values of zero and lower. PET values ​​were cal-
culated using Equation (8) with the Hargreaves-Samani 
method [57-60].

	 	 (8)

Here, PET is the calculated potential evapotranspira-
tion (mm); the 0.408 is the coefficient used to convert to 
equivalent evaporation in mm/day the radiation expressed 
in MJ/m2/day. 𝑅𝑎 is the amount of space radiation (MJ/m2/
day); 𝑇𝑜𝑟𝑡 is the monthly mean temperature (°C); 𝑇max is the 
monthly maximum temperature (°C); 𝑇min is the monthly 
minimum temperature (°C).

Effective Reconnaissance Drought Index (eRDI)
In order to determine more accurately the agricultural 

drought, the eRDI technique is a modified form of the RDI 
method that takes into consideration parameters related to 
evapotranspiration and precipitation. In the eRDI method, 
the total effective precipitation parameter is taken into 
account instead of total precipitation as in the aSPI method. 
This method retains the simple structure and low data 
requirement as in the original RDI method [31,33].

To find the eRDI indice values in the this method, the 
initial value ( ) is calculated with Equation(9) [24].

	 	
(9)

Where Pej is the effective precipitation of jth month, 
PETij is the potential evapotranspiration of jth month.

In the eRDI method, eRDInor and eRDIstd are calculated 
with the same equations as in the original RDI method. 
Only  has to be written instead of . Therefore, these 
equations were not given here again [31].

Although there are similar and separate drought clas-
sification tables for each method in the literature for the 
methods used in this study, many studies have used the 
same classification table for the SPI, aSPI, RDI, and eRDI 
methods. In this research, the common classification table 
presented for the four methods in Table 4 was used to eval-
uate the results of the analyses [43,45,61].

Mann-Kendall Trend Analysis Method
The Mann-Kendal method can be applied to find the 

magnitude and direction of a link between variables, with-
out  considering whether they are dependent or indepen-
dent [61,63]. This method, which allows to missing data, 
also does not require conformity to a specific data distribu-
tion. The pairs Xi, Xj in the time series X1, X2, Xn are split 
into two groups. P represents the number of pairs Xi < Xj 
for i<j and M represents the number of pairs Xi > Xj for 
i>j, Equation (10) is used to calculate the Mann-Kendall 
Method statistic (S), [64,65]:

	 	 (10)

After the S value is found, the Kendall correlation coef-
ficient (τ) is calculated by Equation (11):

	 	
(11)

Where, N is the total number of data. For N ≥ 10, the 
standard deviation (σs) of S is calculated by Equation (12).

	 	 (12)

The Z test statistic value with a standard normal dis-
tribution is found by Equation (13). The null hypothesis 
is agreed upon and it is determined that there is no trend 
in the studied data if the absolute value of the calculated Z 
is smaller than the Zα/2 value of the normal distribution 
corresponding to the selected significance level α. A trend 
is identified if the Z value determined from the examined 
data is larger than Zα/2. Furthermore, a trend in an increas-
ing direction is understood if the S value is positive (+), and 

Table 4. Common drought classification table used for SPI, 
aSPI, RDI, and eRDI methods

Index value Category
 ≥ 2.00 Exremely wet
 1.5 to 1.99 Severely wet
 1.0 to 1.49 Moderately wet
 0.0 to 0.99 Mildly wet
 0.0 to -0.99 Mildly drought
 -1.00 to -1.49 Moderately drought
 -1.50 to -1.99 Severely drought
 ≤ -2.00 Extremely drought
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a trend in a decreasing direction is understood if the S value 
is negative (-). The critical value for Zα/2 at the 85% signifi-
cance level is ± 1.44, at the 90% significance level is ± 1.65, 
and at the 95% significance level, the Zα/2 value is ± 1.96. In 
this study, significance level α = 0.05 was chosen. According 
to the standard normal distribution, Zα/2=±1.96. In other 
words, a trend is present if the computed |Z| value is larger 
than 1.96 [66,67].

	 	

(13)

Software for Drought Analysis (DrinC)
DrinC (drought indices calculator) is a tool that pro-

vides an easy-to-use but feature-rich interface for deter-
mining drought indicators. This application now includes 
modules for drought analysis methodologies such as SPI, 
RDI, DI, and SDI. Later, agricultural drought analysis mod-
ules were added to the application, utilizing aSPI and eRDI 
methodologies. The program also includes a module that 
calculates PET for RDI and eRDI methods that need PET 
values for drought analysis. PET calculations in the program 
can be done using three different methods: Hargreaves, 
Thornthwaite, and Blaney-Criddle [58].

With DrinC software, drought analysis can be per-
formed, and the severity, time, and frequency of drought 
can be determined for any region. In addition to determin-
ing the past and present status of drought, this software 

can also make future drought predictions using data from 
climate change future projections. The DrinC program 
can provide accurate drought analysis results, especially in 
semiarid or arid areas [58].

Drought analysis for different periods (1, 3, 6, 9, and 12 
months) can be done in the program. When entering data 
into the program, the data should be organized according 
to the hydrological year. In other words, data in Excel for-
mat should be structured beginning in October and end-
ing in September. While performing the PET calculation, 
the latitude value of the area where drought analysis is 
conducted should be input. In addition, the gamma distri-
bution should be selected in the program to fit the data to 
the normal distribution for the methods used in this study. 
When analyzing with aSPI and eRDI methods in the pro-
gram, unlike the original methods, USBR or USDA-SCS 
(Cropwat version) modules should be selected for Pe calcu-
lation in semiarid and arid areas.

RESULTS AND DISCUSSION

SPI Index Results
For the Sanlıurfa province, 12-monthly drought analy-

sis was conducted with the SPI method using the monthly 
total precipitation data obtained from MGM for the 
period between 1993 and 2023. The reason of performing 
12-monthly analyses is that there is a wide variety of crops 
in Sanlıurfa province and the growing periods of many 
crops are different. Agricultural drought is related to the 
growth season of the crop rather than the hydrological year 
period. Since many crops are grown in Sanlıurfa, instead 
of determining a crop-based drought analysis period, the 

Figure 5. SPI method drought analysis results for Sanlıurfa province in the period 1993-2023 (Source: Author).
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analysis was made for a 12-monthly period based on the 
entire hydrological year [31]. The SPI method is mostly 
used to determine meteorological and agricultural drought. 
For agricultural drought, aSPI and eRDI methods that are 
determined to provide better results in the literature have 
been developed [31,43]. In this research, the analysis with 
the SPI method was conducted in order to compare with 
aSPI and eRDI results.

According to the common classification table in Table 
4, the results of the SPI method analyses for Sanlıurfa prov-
ince are as follows: 1 year is extremely arid, 2 years are 
severely arid, 1 year is moderately arid, 13 years are mildly 
arid, 2 years are extremely humid, 2 years are moderately 
humid, and 10 years are mildly humid. As seen in Figure 
5, in Sanlıurfa province, drought effect was observed in 17 
years, while precipitation effect was observed in 14 years 
in the analyzed period. It was found that the extremely 
arid year was 2021 with an indice value of -2.19, while the 
severely arid years were 2010 and 2017 with indices of -1.65 
and -1.95, respectively. 1995 was a moderately arid year, 
with an indice value of -1.03. The linear trend line, which 
shows the SPI drought indice values is given in Figure 5. It 
is seen that the linear trend line is moving downwards in 
the direction of drought.

aSPI Index Results
For the Sanlıurfa province, 12-monthly drought analy-

sis was conducted with the aSPI method using the monthly 
total precipitation data obtained from MGM for the period 
between 1993 and 2023. The USBR method was selected 
in the program for effective precipitation calculation in the 

analyses with the aSPI method. However, the USDA-SCS 
method, which produces accurate results in the computa-
tion of effective precipitation in semiarid and arid locations, 
is also included for comparison in this study. For the rea-
sons explained in Section 3.1, the analysis was conducted 
for a 12-monthly period based on the entire hydrological 
year [31].

The results of the aSPI method analyses for Sanlıurfa 
province are largely similar with the original SPI method 
results. However, there are differences in some years. It is 
understood from many studies in the literature that they 
give largely similar results. According to the common clas-
sification table in Table 4, the results of the aSPI (USBR) 
method analysis for Sanlıurfa province are as follows: 2 
years are extremely arid, 1 year is severely arid, 1 year is 
moderately arid, 12 years are mildly arid, 1 year is extremely 
humid, 3 years are moderately humid, and 11 years is 
mildly humid. As seen in Figure 6, in Sanlıurfa province, 
drought effect was observed in 16 years, while precipitation 
effect was observed in 15 years in the analysed period. It 
was found that the extremely arid years were 2017 and 2021 
with indice values of -2.26 and -2.56, respectively, and the 
severely arid year was 2010 with an indice value of -1.83. 
1995 was a moderately arid year, with an indice value of 
-1.02. When the original SPI results are compared with the 
aSPI (USBR) results, it is seen that the drought class of five 
years are different. When the USDA-SCS method was taken 
into account in the calculation of effective precipitation, it 
was determined that the drought classes of three years are 
different. The aSPI (USDA-SCS) method was found to be 
more compatible with the original SPI method. According 

Figure 6. Comparison of drought analysis results of SPI-aSPI(USBR)-aSPI(USDA-SCS) methods in the period 1993-2023 
for Sanlıurfa province (Source: Author).
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to the correlation analysis, a correlation of 0.99 was iden-
tified between the original SPI drought indice values and 
the aSPI(USDA-SCS) drought indice values, while a cor-
relation of 0.96 was found between the original SPI drought 
indice values and the aSPI (USBR) drought indice values. 
The fact that the aSPI (USDA-SCS) method results are 
more compatible with the original SPI results shows that 
aSPI(USDA-SCS) does not provide very sensitive results in 
agricultural drought analyses. In fact, it has been stated in 
the literature that the aSPI (USBR) method results are more 
different from the original SPI method results and are more 
effective in determining agricultural drought. As seen in 
Figure 6, the linear trend line shows a downward trend in 
the drought direction for all of the SPI and aSPI methods.

RDI Index Results
For the Sanlıurfa province, 12-monthly (annually) 

drought analysis was conducted with the RDI method 
using the monthly total precipitation data obtained from 
MGM for the period between 1993 and 2023. For the rea-
sons explained in Section 3.1, the analysis was conducted 
for a 12-month period based on the entire hydrological year 
[32]. The RDI approach is applied to ascertain meteorologi-
cal and agricultural drought. In this study, the analyses with 
the SPI and RDI method was applied for comparison with 
aSPI and eRDI results.

According to the common classification table in Table 
4, the results of the RDI method analysis for Sanlıurfa 
province are as follows: 1 year is extremely arid, 2 years are 
severely arid, 1 year is moderately arid, 13 years are mildly 
arid, 2 years are extremely humid, 2 years are moderately 
humid, 10 years are mildly humid. As seen in Figure 7, in 
Sanlıurfa province, drought effect was observed in 17 years, 

while precipitation effect was observed in 14 years in the 
analyzed period. It was found that the extremely arid year 
was 2021 with an indice value of -2.19, while the severely 
arid years were 2010 and 2017 with indices of -1.69 and 
-1.93, respectively. 1995 was a moderately arid year, with an 
indice value of -1.02. When the original RDI results were 
compared with the original SPI results, it was observed 
that the drought classes were completely the same in all 
years, with only minor differences in the indice values. It is 
known from studies in the literature that the drought anal-
ysis results of the SPI and RDI methods are very compatible 
[14,19]. As seen in Figure 7, the linear trend line of the RDI 
results shows a downward trend in the direction of drought. 

eRDI Index Results
For the Sanlıurfa province, 12-monthly (annually) 

drought analysis was conducted with the eRDI method 
using the monthly total precipitation data obtained from 
MGM for the period between 1993 and 2023. The USBR 
method was selected in the program for effective precip-
itation calculation in the analysis with the eRDI method. 
However, the results of the USDA-SCS method, another 
method that gives correct results in the calculation of effec-
tive precipitation in semiarid and arid areas, are also given 
in this study for comparison. For the reasons explained in 
Section 3.1, the analysis was conducted for a 12-monthly 
period based on the entire hydrological year [32]. The eRDI 
method is a newly developed method for determining agri-
cultural drought, like the aSPI method. eRDI results are 
compared with RDI results in Figure 8. Also in Figure 8, 
the drought analysis results in which effective precipitation 
is determined by the USBR method and the USDA-SCS 
method are shown separately.

Figure 7. RDI method drought analysis results for Sanlıurfa province in the period 1993-2023 (Source: Author).
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The results of the eRDI method analyses for Sanlıurfa 
province are largely similar with the RDI method results. 
However, there are differences in some years. It is under-
stood from many studies in the literature that they give 
largely similar results. According to the common classi-
fication table in Table 4, the results of the eRDI method 
analysis for Sanlıurfa province are as follows: 2 years are 
extremely arid, 1 year is severely arid, 1 year is moderately 
arid, 11 years are mildly arid, 1 year is extremely humid, 3 
years are moderately humid, and 12 years are mildly humid. 
As seen in Figure 8, in Sanlıurfa province, drought effect 
was observed in 15 years, while precipitation effect was 
observed in 16 years in the analyzed period. 

It was found that the extremely arid years were 2017 
and 2021, with indice values of -2.22 and -2.56, respec-
tively, and the severely arid year was 2010 with an indice 
value of -1.89. It was concluded that 1995 was moderately 
arid, with an indice value of -1.00. When the original RDI 
results are compared with the eRDI(USBR) results it is seen 
that the drought class of six years are different. When the 
original RDI results are compared with the eRDI (USDA-
SCS) method results, it is seen that the drought class of 
two years are different. The eRDI (USDA-SCS) method 
was found to be more compatible with the original RDI 
method. According to the correlation analysis, a correlation 
of 0.99 was identified between the original RDI and eRDI 
(USDA-SCS) drought indice values, while a correlation of 
0.96 was found between the original RDI and eRDI (USBR) 
drought indice values. The fact that the eRDI (USDA-SCS) 
method results are more compatible with the original RDI 
results shows that eRDI(USDA-SCS) does not provide very 

sensitive results in agricultural drought analyses. In fact, 
it has been stated in the literature that the eRDI (USBR) 
method results are more different from the original RDI 
method results and are more effective in determining agri-
cultural drought. As seen in Figure 8, the linear trend line 
shows a downward trend in the drought direction for all of 
the RDI and eRDI methods. According to all original and 
modified methods used in this study, a downward trend 
in drought direction was determined. In other words, it is 
obvious that there is an increasing trend towards drought 
in Sanlıurfa province which is known to have been affected 
by drought in recent years. According to the Aridity Index 
used by the UNEP, Sanliurfa province was determined to 
be semi-arid.

Comparıson of the Results of All Methods 
Drought analyzes of Sanlıurfa province were performed 

in the period 1993-2023 with SPI, aSPI (USBR), aSPI 
(USDA-SCS), RDI, eRDI (USBR), and eRDI (USDA-SCS) 
methods. In general, drought indices were found to be close 
to each other, but drought classes were different in some 
years. Table 5 shows the results of all methods. Since the 
analysis with the UNEP-AI method was conducted only 
to determine the method used to calculate the effective 
precipitation in the aSPI and eRDI methods, this method 
is not included in the table. When the analysis results are 
evaluated, it is proved that the drought classes of the origi-
nal SPI and original RDI methods are completely the same 
in all years. At the same time, the modified methods were 
found to be compatible with each other. In all four modi-
fied methods, moderately arid, severely arid, and extremely 

Figure 8. Comparison of drought analysis results of RDI-eRDI (USBR)-eRDI (USDA-SCS) methods in the period 1993-
2023 for Sanlıurfa province (Source: Author).
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arid years were completely the same. It was determined that 
there were differences only in some mildly arid years. In all 
six methods, 1995 was found to be a moderately arid year. 
According to outcomes of the original and modified meth-
ods, while 2010 was the same as the severely arid year, 2017 
was extremely arid instead of severely arid in the modified 
methods. In all methods, 2021 was an extremely arid year. 
It was determined that mildly arid years were dominant in 
all methods. It was determined that the mildly arid years 
were exactly the same in the original methods, and there 
were differences only in the last few years in the modified 
methods. As seen in Table 5, while the number of dry years 
was the same in the original methods, it was very close but 
different in the modified methods.

In addition, it was determined that results of modified 
methods in which effective precipitation is determined with 
the USDA-SCS method are more compatible with results of 
the original methods. Studies in the literature indicate that 
drought analyses in which effective precipitation is deter-
mined with the USBR method give more accurate results 
in determining agricultural drought [31,43]. For this rea-
son, the results of aSPI (USBR) and eRDI (USBR) analyses 

are compared with the results of the original methods in 
Figure 9. aSPI (USBR) and eRDI (USBR) results were found 
to have significant differences from the original methods 
(see Table 5 and Figure 10). The results of the aSPI (USDA-
SCS) and eRDI (USDA-SCS) methods are not very differ-
ent from the original methods, especially in determining 
drought classes. In other words, the aSPI(USDA-SCS) and 
eRDI(USDA-SCS) methods could not obtain very sensitive 
results in determining agricultural drought, showing simi-
larity to the results of the original methods. Because of this, 
the use of modified methods, in which effective precipita-
tion is determined by the USBR method instead of the orig-
inal methods, should be widespread in agricultural drought 
analyses.

The drought classes determined by the methods used in 
this study for the Sanlıurfa province are given as a column 
chart in Figure 10 below. Figure 10 shows the percentage 
of dry classes and the percentage of wet classes. As seen in 
the column graph, mildly dry and mildly wet classes are 
dominant in all methods. Furthermore, there is an increase 
in the percentage of extremely arid years in the modified 
methods in contrast to the original methods. Additionally, 

Table 5. Dry years and drought classes according to the analysis results of all methods for Sanlıurfa province

Method used 
in analysis

Period Total number 
of dry years

Mildly 
arid years 

Moderately 
arid years

Severely 
arid years

Extremely 
arid years

SPI 1993-2023

17

1999, 2000, 2002, 
2005, 2006, 2007, 
2008, 2013, 2014,
2015, 2016, 2020, 
2022

1995 2010, 2017 2021

RDI 1993-2023

17

1999, 2000, 2002, 
2005, 2006, 2007, 
2008, 2013, 2014, 
2015, 2016, 2020, 
2022

1995 2010, 2017 2021

aSPI(USBR) 1993-2023

16

1999, 2000, 2002, 
2005, 2006, 2007, 
2008, 2013, 2015 
2016, 2022, 2023

1995 2010 2017, 2021

aSPI(USDA-SCS) 1993-2023

16

1999, 2000, 2002, 
2005, 2006, 2007, 
2008, 2013, 2015, 
2016, 2020, 2022

1995 2010 2017, 2021

eRDI(USBR) 1993-2023 15 1999, 2000, 2002, 
2005, 2006, 2007, 
2008, 2013, 2016, 
2022, 2023

1995 2010 2017, 2021

eRDI(USDA-SCS) 1993-2023 17 1999, 2000, 2002, 
2005, 2006, 2007, 
2008, 2013, 2014, 
2015, 2016, 2020, 
2022

1995 2010 2017, 2021
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the percentage of the extremely wet years is lower in the 
modified methods. 

Trend Analysıs of Precipitation and Temperature Data
The Mann-Kendall trend analysis method was imple-

mented on the annual average temperature, annual total 
precipitation values, annual maximum temperature, and 

annual minimum temperature values for the 31-year period 
1993-2023 in order to understand the cause of droughts 
in Sanlıurfa province. Mann-Kendall trend analysis tests 
were performed with XLSTAT statistical software inte-
grated with Excel. Based on the findings of trend analysis, 
although there is an increase in annual average tempera-
tures, no trend was found at the 0.05 significance level. 

Figure 9. Comparison of drought analysis results of original SPI, original RDI, aSPI (USBR) and eRDI (USBR) methods 
in the period 1993-2023 for Sanlıurfa province (Source: Author).

Figure 10. Comparison with a column graph of drought analysis percentages of original methods and modified methods 
for Sanlıurfa province (Source: Author).
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Similarly, although there is a decrease in the annual total 
precipitation data, no trend was found at the 0.05 signifi-
cance level. However, it was found that there’s an increas-
ing trend in the annual minimum temperature and annual 
maximum temperature data according to the 0.05 signifi-
cance level. The p-values for the minimum and maximum 
temperature trends are 0.00 and 0.007, respectively. In other 
words, the p-value is lower than α=0.05 in both cases. The 
Z values for minimum and maximum temperature trends 
are 247 and 210, respectively. In both cases, Z is higher than 
the limit value of 1.96. In other words, there is a significant 
increasing trend with 95% confidence in the annual mini-
mum temperature and annual maximum temperature data. 
Trend graphs of minimum and maximum temperatures are 
given in Figure 11 and Figure 12. When looking at the trend 
graphs below, there is an upward trend, that is, an increase 
in both maximum and minimum temperatures.

 As it is understood from these results, although the lack 
of precipitation is partially effective in the droughts expe-
rienced in Sanlıurfa province, the rise in minimum and 
maximum temperatures is the primary cause. With rising 
temperatures, evaporation increases, and water resources 
are depleted. This study also shows the importance of 
methods that take into account temperature data as well 
as precipitation data in drought analysis, such as RDI and 
eRDI, which are utilized in this study. 

Comparison with Studies in the Literature of Analysis 
Results

In lots of research in the literature, drought analyses 
were conducted with the original SPI and RDI methods. 

In these studies, it was determined that the drought indice 
values ​​calculated with historical data using SPI and RDI 
methods were very compatible with each other. In a study 
in the literature, it was determined that 12 monthly drought 
indice values ​​in drought analyses performed with historical 
data using SPI and RDI methods were compatible with a 
correlation value of 0.88. In this study, it was observed that 
the results of the drought analyses performed using histor-
ical data for Sanlıurfa province with SPI and RDI methods 
were very compatible as the studies in the literature. In this 
study, a very good correlation of 0.99 was obtained between 
the drought indices obtained with both methods. Based on 
the findings of the drought analysis conducted with SPI 
and RDI methods in the literature, drought years gener-
ally occurred every 2 years. In this study, dry years were 
observed every 2 or 3 years, and sometimes consecutive 
droughts occurred. This is due to the fact that the regions 
examined are different and the analyses is made for differ-
ent periods. [13,14,19,27]. 

Additionally, there are studies comparing the aSPI and 
eRDI modified methods with the original SPI and RDI 
methods. In most of these studies, the correlation between 
drought analysis results and crop yields was utilized to 
compare the original and modified methods. According 
to the correlation results, it was found that the modified 
methods, aSPI and eRDI, gave better results than the origi-
nal methods. In this study, when the aSPI and eRDI modi-
fied methods were compared with the original SPI and RDI 
methods, it was determined that there were some differ-
ences in drought classes in Sanliurfa province. In the mod-
ified methods, extremely dry years were more common, 

Figure 11. Trend analysis of annual maximum temperatures in the period 1993-2023 for Sanlıurfa province (Source: Author)
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while extremely wet years were less common. It can be said 
that these results are realistic for the province of Sanliurfa, 
which is affected by droughts, and agricultural activities are 
intensive. In this study, a climate diagram graphic was cre-
ated using the temperature and precipitation data of the last 
10 years for Sanliurfa province. According to this graphic, it 
was determined that there was a water shortage in Sanliurfa 
province in June, July, August, and September. When the 
drought classes of the last 10 years for Sanliurfa province 
are examined, drought was observed in 6 years according 
to the aSPI (USBR) method, while drought was observed in 
5 years according to the eRDI (USBR) method. Therefore, 
it can be said that the droughts experienced in Sanliurfa 
province are caused by the change in climate parameters. 
According to the Mann-Kendall trend analyses conducted 
in this study, the increasing trend in minimum and maxi-
mum temperatures also confirms this. 

In Şanlıurfa province, conducting drought analyses 
with modified methods that have just begun to be used in 
the literature is important both for the agricultural activ-
ities of the province and because it will contribute to the 
literature. In the future, the drought analysis results for 
Sanliurfa province can be compared with the yield values ​​of 
rainfed agricultural products to determine the accuracy of 
the modified methods more realistically [32,33,44,46]. 

In some studies in the literature, the modified methods 
aSPI and eRDI were compared with some methods other 
than the original SPI and RDI methods to verify the usabil-
ity of the modified methods. In these studies, it was deter-
mined that modified methods gave accurate results [39]. In 
this study, modified methods were compared with original 

methods, and it was determined that they gave accurate 
results. In addition, it has been stated in the literature that 
drought conditions may change in a region due to climate 
change and that drought analyses should be carried out 
at regular intervals with up-to-date data [3]. In this study, 
drought analyses were conducted for the first time with 
modified methods in the Sanlıurfa province using current 
data.

In previous studies, drought analysis results of aSPI and 
eRDI modified methods were compared, and it was deter-
mined that they were compatible with a high correlation 
percentage [39]. In this study, it was found that the aSPI 
results were compatible with the eRDI results with a cor-
relation percentage of 0.99. In this research, the compati-
bility of the results of the original method with the results 
of the modified methods was also examined. According to 
these results, when the effective precipitation values ​​were 
calculated with the USBR method, the correlation was 0.96, 
while when calculated with the USDA-SCS method, the 
correlation was 0.99. Since it is stated in the literature that 
the USBR method gives more accurate results in determin-
ing effective precipitation, the results of the USBR method 
were taken into consideration in this study [32,57].

In addition, future drought predictions have been 
made in some regions using future climate data obtained 
according to climate scenarios in the literature [13,27,68]. 
Drought analyses can be conducted for Sanliurfa province 
with future climate data to investigate how successful mod-
ified methods are in predicting future agricultural drought.

Many studies in the literature have determined that 
droughts have increased in recent years [14,27,44]. When 

Figure 12. Trend analysis of annual minimum temperatures in the period 1993-2023 for Sanlıurfa province (Source: Author).
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we look at the graphs of the drought analysis results obtained 
in this study, it is seen that the trend line tends downwards, 
in the direction of drought. Likewise, in this research, anal-
ogous to research in the literature, it was determined that 
there has been an increase in droughts in recent years.

Limitations 
Although the data used in the article are obtained reli-

ably from measurement stations established by national 
institutions, measurement errors may occur on some days 
due to environmental factors. PET values ​​were not obtained 
by on-site measurements, but were calculated using an 
equation that is frequently used in the literature and pro-
vides reliable results. There may be small errors in such 
calculations. In this study, these errors were ignored and 
analyses were conducted by relying on the data. 

CONCLUSION 

In this study, drought analyses were conducted in the 
drought-affected Sanlıurfa province using the aSPI and 
eRDI methods, which will be applied for the first time in 
Turkey, and the original SPI and RDI methods. Monthly 
total precipitation data, and maximum and minimum tem-
perature data obtained from the Regional Directorate of 
Meteorology for the period 1993-2023 were used for the 
analyses. The average temperature data used for PET calcu-
lation in RDI and eRDI methods were calculated using the 
observational maximum and minimum temperature data 
entered into the DrinC program. The effective precipitation 
data used in the aSPI and eRDI methods were calculated 
by using the monthly total precipitation data entered into 
the DrinC program. USBR and USDA-SCS modules were 
selected for effective precipitation calculation in the pro-
gram. In this research, the USBR method was used to cal-
culate effective precipitation. However, in order to make a 
comparison, effective precipitation was also calculated by 
the USDA-SCS method, and drought analyzes were made.

According to the analysis results, the aSPI and eRDI 
drought analysis results for Sanlıurfa province are analo-
gous to the original SPI and RDI analysis results as simi-
lar to the research in the literature. However, the drought 
classes of some years were different. According to the aSPI 
results; it was determined that 2 years were extremely arid, 
1 year was severely arid, 1 year was moderately arid and 
12 years were mildly arid. According to the eRDI results; 
it was determined that 2 years were extremely arid, 1 year 
was severely arid, 1 year was moderately arid, and 11 years 
were mildly arid. When the original SPI and RDI results of 
Sanlıurfa were compared, although there are some differ-
ences in the drought indice values, the drought classes are 
completely the same. In both methods, it was determined 
that 1 year was extremely arid, 2 years were severely arid, 1 
year was moderately arid, and 13 years were mildly arid. As 
can be seen, the original methods and the modified methods 
gave similar results among themselves. However, there were 

noticeable differences between the outcomes of the original 
methods and the modified methods. Some years’ drought 
classes turned out to be different. While 2017 was severely 
arid in the original methods, it was extremely arid in the 
modified methods. In the last few years (2014, 2015, and 
2023), mildly arid years have changed. Similar differences 
have been found in previous studies in the literature. For 
this reason, agricultural drought analyses in semiarid and 
arid areas should be carried out with modified methods, 
and measures should be taken according to these results.

As can be seen, the original methods could not detect an 
extremely dry year, and differences from modified methods 
were observed in the drought classes of some years. If this 
change in drought classes of these years is not taken into 
account, the necessary precautions cannot be taken fully. 
As a result, agricultural activities will be disrupted, and 
economic losses may be experienced. For example, if more 
water is not stored in water reservoirs in 2017, which is 
determined as an extremely dry year by modified methods, 
there will be a water shortage in the summer, and agricul-
tural activities will be negatively affected. Some crops will 
experience yield loss or will be completely destroyed. As 
a result of these negativities, farmers will suffer economic 
losses and some socio-economic problems will arise. From 
this perspective, the importance of performing drought 
analyses with modified methods that provide more precise 
results can be better understood.

In addition, SPI and RDI analysis results were com-
pared, and it was determined that they were compatible 
with a correlation percentage of 0.99. In this study, it was 
determined that the outcomes of the original methods were 
also compatible with the results of the modified methods. 
According to these results, when the effective precipitation 
values ​​were calculated with the USBR method, the modi-
fied methods were compatible with the original methods 
with a correlation percentage of 0.96, while when calcu-
lated with the USDA-SCS method, they were compatible 
with a correlation percentage of 0.99. In other words, when 
effective precipitation values ​​are calculated with the USBR 
method, modified methods can better determine the details 
that the original methods could not determine.

These results showed that aSPI and eRDI modified 
methods can be utilized in agricultural drought analysis in 
arid and semiarid regions. Because, in order to take mea-
sures in agricultural activities in semiarid and arid areas, it 
is important to conduct agricultural drought analyzes with 
modified methods such as aSPI and eRDI instead of origi-
nal methods in order to get more precise outcomes.

In regions where drought analysis has been done pre-
viously, drought analyses should be done with current 
data and methods due to climate change. In regions where 
drought analysis has never been done previously, agri-
cultural drought analyses should be done with modified 
methods. In addition, it would be useful to obtain future 
climate data by conducting climate modeling with climate 
scenarios widely used in the literature in these regions and 
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to make future drought predictions with modified meth-
ods. In future studies, the efficiency of modified methods 
can be better understood by comparing the yield values ​​of 
rainfed crops in drought-affected regions of Turkey with 
the drought indices obtained with modified and original 
methods. As stated in the limitations section of the study, 
although PET values ​​are calculated with high accuracy, there 
may be some errors. After all, they are not data obtained by 
measurement. In future studies, evapotranspiration values ​​
can be determined as a result of measurement and more 
reliable results can be achieved. There may be errors in the 
past data obtained from the measurement stations used in 
the study due to environmental conditions. However, the 
measurements of MGM stations, which make more precise 
measurements compared to the past, should be trusted. 

 According to the results of the trend analysis, although 
precipitation data, which show a slightly decreasing trend, 
partially affect the droughts in Sanlıurfa province, the pri-
mary cause is the rise in minimum and maximum annual 
temperatures according to the 0.05 significance level. The 
p-values for the minimum and maximum temperature 
trends are 0.00 and 0.007, respectively. In other words, the 
p-value is less than α=0.05 in both cases. The Z values for 
minimum and maximum temperature trends are 247 and 
210, respectively. In both cases, Z is higher than the limit 
value of 1.96. In other words, there is a noticeable increas-
ing trend with 95% confidence in the annual minimum and 
maximum temperature data. This change in climate parame-
ters requires the carrying out of agricultural drought analyses 
at regular intervals with updated data and modified methods 
in arid and semi-arid regions. In this study, according to the 
drought assessment made according to the Aridity Index, it 
was determined that Sanliurfa province is semi-arid. This 
research is the first drought analysis study conducted in 
Sanlıurfa province and Turkey with updated data using mod-
ified aSPI and eRDI methods. These features show that the 
study is new and original. The idea of ​​determining the cause 
of drought by looking at the trend in climate parameters also 
partially differs from the studies in the literature.

The increasing trend in temperatures increases the 
evaporation especially in summer months, and causes 
drought. For this reason, irrigation should be carried out 
with water-saving systems like drip and sprinkler irriga-
tion. Irrigation water must be transmitted through closed 
pipes to reduce evaporation, and underground dams 
should be built. Water reservoirs should be covered with 
shade covers. Crops that consume less water should be pre-
ferred. Plant adaptation strategies should be developed and 
crops that can easily adapt to drought should be grown. 
Additionally,people should be made aware of water saving.

NOMENCLATURE 

D	 Usable soil water storage
ETc	 Actual evapotranspiration, mm
M	 Number of pairs

N	 Number of years
P	 Annual total precipitation, mm
PET	 Annual total potential evapotranspiration, mm
Pe	 Effective precipitation, mm
𝑅𝑎	 Amount of space radiation, MJ/m2/day
S	 Mann-Kendall method statistic
SF	 Soil water storage factor
𝑇max	 Monthly maximum temperature, °C
𝑇min	 Monthly maximum temperature, °C
𝑇𝑜𝑟𝑡	 Monthly mean temperature, °C
Xij	 Monthly total precipitation, mm
Xim		 Long-term average precipitation, mm
𝑦k

i	 Natural logarithm
Z	 Standart normal variable
Zα/2	 Standart normal critical variable

Greek symbols
σ 	 Standard deviation
αk

i	 Initial value
µk	 Arithmetic mean
τ	 Kendall correlation coefficient

Subscripts 
k	 Number of hydrological year
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