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Drought is a complex climatic phenomenon that severely affects both the natural environment and 

socioeconomic structure. Drought indices are of great importance as one of the primary indicators 

in monitoring climate change and managing drought. Drought is one of the most important natural 

threats to agriculture. Without water, there is no production; Food security cannot be ensured 

without production. Therefore, the fight against drought is of great importance both 

environmentally, economically and socially. The aim of this study is to calculate the Agricultural 

Standardized Precipitation Index (aSPI) values as well as the Standardized Precipitation Index (SPI) 

commonly used in drought analysis, to determine the relationship between the two indices and to 

examine the trend of the indices. In the study, monthly precipitation data for the period 1980-2021 

of Ardahan, Iğdır and Kars precipitation stations in the Aras basin were used. To test the 

homogeneity of precipitation data, XLSTAT, a professional data analysis add-in that offers 

statistical analysis developed for Microsoft Excel, was used. Pettitt Test, Buishand Test, Standard 

Normal Homogeneity Test (SNHT) and Von Neumann Ratio Test were used. The Standardized 

Precipitation Index (SPI), one of the most widely used indices worldwide, was calculated with 

DrinC software on a time scale of 3, 6 and 12 months. The Agricultural Standardized Precipitation 

Index (aSPI), a modified version of SPI that more accurately describes the amount of water that can 

be used efficiently by plants and is based on replacing total precipitation with effective precipitation, 

was also calculated using DrinC software on a 3, 6 and 12-month time scale. This study evaluates 

the effectiveness of each index in representing the effects of drought on agricultural production 

using both SPI and aSPI. Innovative Trend Analysis (ITA), an innovative graphical method, was 

used for trend analysis of drought indices. Trends have been determined. It is thought that the index 

trend results will play an important role in the measures to be taken against drought, which is a 

result of climate change, and in the measures to be taken for agricultural irrigation. 
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Introduction 

Climate change and the resulting increase in weather 

events threaten the sustainability of water resources 

worldwide. In this context, drought is critical for both the 

management of natural resources and agricultural 

production. Drought is considered a major natural disaster 

that affects various sectors of the economy and 

environment worldwide. (Tsakiris et al., 2013). 

Insufficient rain, snow or other types of precipitation over 

a long period of time leads to a lack of water in soil, 

groundwater, lakes and rivers. This negatively affects 

agriculture, drinking water, animals and general life. 

Drought; it can be effective in different dimensions, 

including meteorological, agricultural, hydrological and 

socio-economic, and can deeply affect societies with its 

long-term effects. Precipitation data is of great importance 

for monitoring and managing drought events. These data 

are analyzed through various precipitation indices, 

providing information about the onset, duration, and 

severity of drought periods. 

Precipitation indices allow the assessment of drought 

conditions by comparing the amount of precipitation in a 

particular region with the normal ones. Commonly used 

indices such as Standard Precipitation Index, Palmer 

Drought Severity Index and Normal Precipitation 

Percentage are frequently used tools in drought analysis. 

The correct application of these indices guides decision-

makers in many areas, from agricultural planning to 

disaster management. 

There are many studies in the literature on the subject. 

These are listed as follows: 

In their study, Bacanlı and Kargı (2019) examined 

Bursa, İznik, Keles, Mustafakemalpaşa and Uludağ 

http://creativecommons.org/licenses/by-nc/4.0/
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stations within the borders of Bursa province for the period 

1969-2015 and determined the trends of precipitation data 

by linear regression analysis. Precipitation data were 

standardized and evaluated according to the trend analysis, 

and drought analysis was made for 1-, 3-, 6-, 9-, 12-, 24-

and 48-month periods with the SPI method, which is one 

of the most used methods in Turkey and in the world.  In 

the study conducted by Javadinejad et al. (2020), the 

impact of meteorological and hydrological droughts on 

groundwater resources in the Isfahan-Borkhar basin, an 

arid region of Iran, was examined. In the study, 

meteorological drought SPI was evaluated with 

hydrological drought indices. In the examination of the 

effects of meteorological and hydrological drought on 

groundwater, the Groundwater Resources Index was used. 

As a result of the study, it was seen that all three drought 

indices pointed to drier conditions in future projections 

(2006-2040). In the study conducted by Bettehar and Şener 

(2022), the meteorological drought situation of the Wadi 

Righ Region of Algeria was examined in a comparative 

manner using five different drought indices. The research 

results revealed that the Wadi Righ region has been 

exposed to varying degrees of drought conditions over the 

years studied. It has determined that there is a positive 

correlation between drought indices and precipitation and 

precipitation as the main parameter in calculating these 

indices.  In the study conducted by En-Nagre et al. (2024), 

the analysis of meteorological droughts in the Upper Drâa 

Basin region of Morocco was carried out on different time 

scales (1, 3, 9, and 12 months) using SPI and standard 

precipitation evapotranspiration index. In order to 

determine the temporal variation of drought, statistical 

methods such as MK test and Sen Trend Slope method 

were applied. In the study, standard precipitation 

evapotranspiration index values were estimated using four 

different machine learning techniques. Niazkar et al. 

(2024) examined trend changes in 6, 9, 12, and 24-month 

SPI values using innovative trend analysis to perform 

drought analysis. In their study, Tigkas et al. (2019) 

proposed the Agricultural Standardized Precipitation Index 

(aSPI), a modified version of the SPI, which is based on 

replacing total rainfall with effective rainfall, which more 

accurately describes the amount of water that can be 

efficiently used by plants. They interpreted the SPI and 

aSPI indices. Yılmaz (2019) determined the trends of 

annual instantaneous maximum flows. He used simple 

linear regression analysis to estimate the lost flow data. 

Akçay (2018) estimated the loss values in the monthly flow 

data using regression analysis in his study. Çelik et al. 

(2025) conducted precipitation trend analyses covering the 

years 1991-2020 on a total of seven precipitation 

observation station data. In his study, Şevgin (2025) 

analyzed seasonal and annual precipitation trends for the 

provinces of Aksaray, Ankara, Isparta, Mersin, and 

Nevşehir using XLSTAT software using statistical 

methods such as the Mann-Kendall test, Spearman’s Rho, 

and Innovative Cheer Test. In their study, Sellathurai and 

Sivakumar (2021) applied the Agricultural Standardized 

Precipitation Index (aSPI) in Drought in the Jaffna 

Peninsula in Sri Lanka. In their study, Tigkas et al. (2022) 

presented the integration of two drought indices designed 

for the determination of agricultural drought into the 

Drought Indices Calculator (DrinC) software. 

In this study, the monthly total precipitation data 

covering the period 1980-2021 of Ardahan, Iğdır and Kars 

precipitation stations within the borders of the Aras Basin 

were analyzed. The consistency and homogeneity of the 

data sets were examined through the XLSTAT program, 

which runs in the Microsoft Excel environment and offers 

advanced statistical analysis opportunities. In this 

direction, possible breaks and irregularities in the series 

were investigated by applying Pettitt, Buishand, Standard 

Normal Homogeneity (SNHT) and Von Neumann Ratio 

tests. The Standardized Precipitation Index (SPI), which is 

widely used in the international literature to determine the 

severity and duration of drought, was calculated with 

DrinC software on 3, 6 and 12-month time scales. In 

addition, the Agricultural Standardized Precipitation Index 

(aSPI) values, which are based on the effective rainfall 

amount that plants can benefit from and are the adapted 

form of SPI focused on agricultural production, were also 

determined for the same time periods. In the study, the 

results of SPI and aSPI were considered together and the 

success of both indices in reflecting agricultural drought 

and the effects on production was evaluated comparatively. 

In the determination of trends, the Innovative Trend 

Analysis (ITA) method, which offers a graph-based 

approach, was used and temporal change patterns in the 

indices were determined. 

 

Study Area 

The Aras Basin (Figure 1) is one of the 25 basins of 

Turkey. The Aras Basin, which covers approximately 

3,57% of Turkey’s surface area, has a precipitation area of 

28,114 km2. The Aras Basin, located in the northeast of 

Turkey, is surrounded by the Çoruh and Euphrates-Tigris 

basins in the west and the Euphrates-Tigris basins in the 

south. Within the borders of the Aras Basin, there are the 

provinces of Ağrı, Ardahan, Artvin, Erzurum, Iğdır, Kars 

and Van. When we look at the Aras Basin in general, the 

effects of the continental climate are observed. The average 

temperature in the part of Basin within the borders of 

Ardahan and Kars provinces is less than 0°C in all winter 

months.  

 

 
Figure 1. Aras Basin of Turkey (Orman ve Su İşleri 

Bakanlığı, 2019) 
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Semi-arid and arid climate type affects the Aras Basin. 

Iğdır Province, which receives the least rainfall in our 

country, is located in this basin. The amount of snow is one 

of the factors affecting the formation of floods. There is 

heavy snowfall in the upper basins. The highest snow cover 

thickness is 110 cm in Ardahan, 88 cm in Kars, 38 cm in 

Iğdır and 110 cm in Erzurum. It has the lowest relative 

humidity value in the Aras basin. In the Aras basin, the 

total annual evaporation amount for many years is highest 

in Iğdır and lowest in Ardahan. 

 

Methods 

 

Homogeneity Tests 

Various reasons such as changing the location of the 

precipitation station and exposure to environmental effects 

can affect the homogeneity of climate time series (Peterson 

et al., 1998). Homogeneity tests are an important tool used 

to determine the consistency of data. Series that are 

determined to be inhomogeneous as a result of 

homogeneity tests must be corrected. In this study, the 

approach proposed by Wijngaard et al. (2003) was used to 

evaluate the homogeneity of time series. The zero 

hypothesis (H0) was checked using the Pettitt test (Pettitt, 

1979), the Buishand test (Buishand, 1982), the standard 

normal homogeneity test (SNHT) (Alexandersson, 1986), 

and the Von Neumann ratio test (Von Neumann, 1941) 

using 99% confidence interval. Homogeneity was 

classified depending on the number of tests that rejected 

the H0 hypothesis. These classes are as follows: (Hırca, 

2025). 

• Class 1: Homogeneous is when at most one of the four 

tests rejects the H0 hypothesis. 

• Class 2: The suspect is that two of the four tests reject 

the H0 hypothesis. 

• Class 3: Extremely Doubtful is when at least three out 

of four tests reject the H0 hypothesis. 

 

Pettitt test 

It is a statistical test developed by Pettitt (1979) to 

determine the homogeneity and change point in the series. 

Yi observation values for each year: 

The test statistic is calculated using the equation (Xk) by 

ordering the values of Y1, Y2, Yn as 1, r2, rn 

 

𝑋𝑘=2∑ 𝑟𝑖
𝑘
i=1 -k(n+1) k=1, 2,….. n  (1) 

 

If a change (break) has occurred in the year “E” in the 

series, Xk takes the absolute maximum value.  The H0 

hypothesis is rejected if X E exceeds the critical value 

given in Table 1 (Hırca, 2025). 

 

𝑋𝐸=maks1≤𝑘≤𝑛|𝑋𝐾|    (2) 

Buishand test 

In this test developed by Buishand (1982), R, called the 

correction rate, is calculated as follows. 

 

𝑅 = (𝑚𝑎𝑥 𝑆𝑘
∗ −𝑚𝑖𝑛 𝑆𝑘

∗)/𝑆   (3) 

Here, S represents the standard deviation, and S*
k and 

Sk represent partial sums. Partial totals are calculated as 

follows: 

 
k* *

0 k ii=1
S =0 ve S = (Y -Y) k=1, 2,….. n  (4) 

 

Here, Yi represents the observation values for each 

year,Y and Y represents the average of the observation 

values. If the series is homogeneous, Y*k≌0 is 0 because 

there will be no systematic deviations of the values of Yi 

with respect to their means (Wijngaard et al., 2003). If it 

exceeds the critical value given in Table 1, the H0 

hypothesis is rejected  

 

Standard normal homogeneity test (SNHT) 

In this test, developed by Alexandersson (1986), the 

change in the series is determined by dividing the series by 

two with reference to the point “k”. Yi is calculated using 

the equation T(k) for each year,Y where Y is the mean of 

the observation values and s is the standard deviation. 

 
2 2

k 1 2T kZ (n k)Z= + −
k=1, 2, …..n  (5) 

 

Here 𝑍1 =
1

𝑘
∑

(𝑌𝑖−𝑌̄)

𝑠

𝑘
𝑖=1  and 𝑍2 =

1

𝑛−𝑘
∑

(𝑌𝑖−𝑌̄)

𝑠

𝑛
𝑖=𝑘+1  is. 

 

In the event of a change in the year “k” in the series, 

T(k) takes its maximum value. In this case, the test statistic 

is T0  

 

𝑇0=maks1≤𝑘≤𝑛𝑇𝑘    (6) 

 

It is expressed as. The H0 hypothesis is rejected if the 

T0 test statistic exceeds the critical value given in Table 1. 

 

Von Neumann ratio test 

In this method developed by Von Neumann (1941), the 

test statistic NVN is expressed as the ratio of the sum of the 

squares of consecutive differences to the value of variance. 

It is calculated as shown in Equation (7).If the NVN value 

given in Table 1 exceeds the critical value in the table, the 

H0 hypothesis is not accepted (Hırca, 2025). 

 

𝑁 =
∑ (𝑌𝑖−𝑌𝑖+1)

2𝑛−1
𝑖=1

∑ (𝑌𝑖−𝑌̄)
2𝑛

𝑖=1

    (7) 

 

 

 

Table 1. Critical Values Dependent on Data Count for Homogeneity Tests 

Method *CI 20 30 40 50 70 100 

Pettitt (XE) %99 71 133 208 293 488 841 

Buishand (Q) %99 1,60 1,70 1,74 1,78 1,81 1,86 

SNHT (T0) %99 9,56 10,45 11,01 11,38 11,89 12,32 

Von Neumann (NVN) %99 1,04 1,20 1,29 1,36 1,45 1,54 
*CI: Confidence Interval 
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In this study, XLSTAT, a professional data analysis 

add-in that offers statistical analysis developed for 

Microsoft Excel, was used to test the homogeneity of 

precipitation data.  

 

Standard Precipitation Index (SPI) 

The most widely used one in the literature is the 

Standard Precipitation Index (SPI) proposed by McKee et 

al. (1993). There are studies stating that meteorological 

drought can be represented in 1-3 month evaluations, 

agricultural drought in 6-9 month evaluations, and 

hydrological drought in 12-24 month evaluations of the 

SPI (Vicente-Serrano and López-Moreno, 2005; Efe et al., 

2012; Çavuş, 2019; Akbulut & Menteşe, 2022). The SPI is 

based on the conversion of the original probability 

distribution functions (PDF) of the precipitation data to 

normal (Gaussian) PDF, and the monthly precipitation data 

must be at least 30 years old (Gümüş et al., 2016). Here are 

the key implementation steps in the SPI calculation 

procedure: 

• Step-Obtaining precipitation time series: 

• In accordance with the purpose of the study, 

precipitation time series are obtained by using monthly 

total precipitation or monthly average precipitation 

series for different time scales. 

• Step-Selecting the appropriate PDF: 

• The original procedure of the SPI uses a 2-parameter 

Gamma PDF. However, due to the different 

characteristics of precipitation, the most suitable PDFs 

for precipitation series on different time scales are 

selected according to goodness-of-fit tests. 

• Step-Calculation of probabilities: 

• After fitting the PDFs that are most suitable for the 

precipitation time series at different time scales, the 

probabilities are calculated for each data value. 

• Obtaining the Step-SPI values: 

• It is the conversion of the calculated probability values 

to the standard normal (Gaussian) PDF variant. In this 

step, SPI values with a mean of 0 and a standard 

deviation of 1 are obtained (Hırca, 2025). The gamma 

distribution was first demonstrated by Thom (1958) to 

be the most representative distribution of the 

precipitation series. The probability density function 

of the gamma distribution is calculated as follows: 

 

𝑔(𝑥) =
1

𝛽𝛼𝛤(𝛼)
𝑥𝛼−1𝑒−𝑥/𝛽x>0   (8) 

 

The  figure parameter is included here.  

 

𝛼 =
1

4𝐴
(1 + √1 +

4𝐴

3
),  𝛽 =

𝑥

𝛼
   (9) 

 

In these equations, 

 

𝐴 = 𝑙𝑛( 𝑥) −
∑ 𝑙𝑛(𝑥)

𝑛
    (10) 

 

It is defined as. where x represents the average 

precipitation value and n represents the total number of 

observations. These parameters are then used in equation 

(11) in the calculation of the cumulative probability density 

function: 

𝐺(𝑥) = ∫ 𝑔(𝑥)𝑑𝑥 =
1

𝛽𝛼𝛤(𝛼)

𝑥

0
∫ 𝑥𝛼−1
𝑥

0
𝑒
−𝑥

𝛽 𝑑𝑥 (11) 

 

Since the gamma distribution is undefined for x=0, the 

cumulative probability density function is updated to 

equation (12) if zero values are found in the precipitation 

series: 

 

𝐻(𝑥) = 𝑞 + (1 − 𝑞)𝐺(𝑥)   (12) 

 

Here, q refers to the absence of precipitation. If the 

number of days without precipitation in the series is 

expressed as “m”, q; It is defined as m/n. The cumulative 

probability values H(x) are converted to the standard 

normal variable (Z) with a mean of 0 and a standard 

deviation of 1 using the equations (13-16) proposed by 

Abramowitz and Stegun (1965): 

 

0<H(x) for ≤0.5; 

 

𝑍 = 𝑆𝑃𝐼 = −(𝑡 −
𝑐0+𝑐1𝑡+𝑐2𝑡

2

1+𝑑1𝑡+𝑑2𝑡
2+𝑑3𝑡

3)  (13) 

 

𝑡 = √𝑙𝑛 (
1

(𝐻(𝑥))2
)    (14) 

 

For 0.5<H(x) ≤1; 

 

𝑍 = 𝑆𝑃𝐼 = +(𝑡 −
𝑐0+𝑐1𝑡+𝑐2𝑡

2

1+𝑑1𝑡+𝑑2𝑡
2+𝑑3𝑡

3)  (15) 

 

𝑡 = √𝑙𝑛 (
1

1−(𝐻(𝑥))2
)    (16) 

 

Here c and d are coefficient values; 

c0= 2,515517, c1= 0,802853, c2= 0,010328 

defined as d1=1,432788, d2= 0,189269, d3= 0,001308. 

On short timescales with the classification of SPI, SPI 

is closely related to soil moisture, while on longer 

timescales, SPI can be associated with groundwater and 

reservoir storage. In addition, the period when SPI values 

are positive refers to the wetland period, and the period 

when they are negative refers to the dry period. SPI values 

are classified according to the categories shown in Table 2 

(Hırca, 2025). 

In this study, the gamma distribution used in the 

original method was preferred for the calculation of SPI 

and calculations were made with the Drought Indices 

Calculator -DrinC (Tigkas et al., 2015)  on a time scale of 

3, 6 and 12. DrinC (Drought Indices Calculator) is a 

software package developed to provide a simple yet 

adaptable interface for calculating drought indices.  

 

Agricultural Standardized Precipitation Index (aSPI) 

Agricultural Standardized Precipitation Index (aSPI) is 

a standardized index based on precipitation data used in 

drought analysis, especially to evaluate agricultural 

drought. aSPI is a simple, reliable, and applicable method 

for monitoring and evaluating agricultural drought. (Hayes 

et al., 1999). aSPI values are classified according to the 

categories shown in Table 3. 



1975 

 

Table 2. Index Classification by SPI Method (Şen & Almazroui, 2021) 

Class SPI Classification 

1 ≥2,00 Very very Humid 

2 1,50…2,00 Extremely Humid 

3 1,00…1,50 Moderate Humidity 

4 0,50…1,00 Slightly damp 

5 0…0,50 Normal Humidity 

6 -0,50…0 Normal Drought 

7 -1,00…-0,50 Mildly Dry 

8 -1,50…-1,00 Moderate Drought 

9 -2…-1,50 Severe Drought 

10 ≤-2 Extreme Drought 

 

Table 3. Index Classification According to aSPI Method 

aSPI Time Scale Agricultural Meaning Use in the Literature Source 

aSPI-1 Short-term change of soil moisture Early water stress Wu et al., 2007 

aSPI-3 
Vegetative growth and root zone 

moisture 

The most common scale of agricultural 

analysis 
McKee et al., 1993 

aSPI-6 Seasonal water balance High relationship with crop yield Potop et al., 2012 

aSPI-9 Long-term moisture deficit In semi-arid regions 
Vicente-Serrano et al., 

2010 

aSPI-12 Annual water balance Hydrological-agricultural transition McKee et al., 1993 

 

 

   
Figure 2. Trend of Time Series (a) Trendless Time Series; (b) Increasing Trend; (c) Decreasing Trend (Şen, 2012) 

 

It is basically based on the classical SPI (Standardized 

Precipitation Index) method; however, calculating aSPI 

requires determining the effective precipitation (Pe) to 

replace monthly precipitation. Estimation of Pe from 

precipitation data is carried out by empirical methods. In 

this study, the FAO method recommended by the Food and 

Agriculture Organization of the United Nations was used. 

aSPI; It was calculated using the Drought Index Calculator 

-DrinC (Tigkas et al., 2015) on a time scale of 3, 6 and 12. 

 

Innovative trend analysis (ITA) 

The study of long-term changes in hydrometeorological 

time series will make it possible to understand the effects 

of climate change. There are no assumptions or limitations 

in the Innovative Trend Analysis (ITA) method developed 

by Şen (2012). ITA, which is a graphical method, can be 

applied to all types of time series. Innovative trend analysis 

is an easy-to-interpret, visual trend analysis method that 

examines the decreasing, increasing, or absent trend type 

of trend. 

In the ITA method, the time series is divided into two 

equal parts and the subseries are ordered from smallest to 

largest. The first subseries of the time series, which is 

divided into two, is placed on the x-axis, and the second 

subseries is placed on the y-axis. These data placed in the 

coordinate system are marked mutually. The trend is 

commented on according to the scattering of the data 

around the 1:1 (45 o) line drawn on the graph. Since the 

trend is determined by the scattering of the data on the ITA 

chart, the existence of the trend is based on verbal 

inferences. 

The trend conditions that can be seen on the ITA chart 

are shown in Figure 2. If the data remains above the 1:1 

line in the ITA chart, it indicates an increasing trend in the 

time series, if the data remains directly above the 1:1 line, 

it indicates that there is no trend, and if the data remains 

below the 1:1 line, it indicates a decreasing trend. 

The ITA graph can be divided into subcategories by 

taking into account the scattering of the data. In this way, 

the trend status of critical high and low values in the data 

can be revealed more realistically (Akçay, 2018). In this 

study, the changes in the index values were calculated by 

the innovative graphical method Innovative Trend 

Analysis (ITA). 
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Results 

The homogeneity control of the station used in the 

study was carried out using the XLSTAT program. The 

Pettitt test (Pettitt, 1979), the Buishand test (Buishand, 

1982), the standard normal homogeneity test (SNHT) 

(Alexandersson, 1986), and the Von Neumann ratio test 

(Von Neumann, 1941) were tested with a 99% confidence 

interval. In this study, homogeneity analysis of Ardahan, 

Iğdır and Kars precipitation stations was carried out. 

Homogeneity analysis of Kars station is given in Table 4. 

While Kars and Iğdır were homogeneous among the 

stations used, Ardahan was determined as suspicious. It 

was included in the study because no excessive suspects 

were detected. 

After homogeneity control was performed, SPI was 

calculated on time scales of 3, 6 and 12 by choosing the 

gamma distribution used in the original method with DrinC 

software. In order to calculate aSPI, it is necessary to 

determine the effective precipitation (Pe) to replace the 

monthly precipitation. In this study, aSPI was calculated 

with the Drought Index Calculator -DrinC on a time scale 

of 3,6 and 12 using the FAO method recommended by the 

Food and Agriculture Organization of the United Nations. 

Figure 3, Figure 4, Figure 5 show the SPI - aSPI 

comparative findings of each station on a time scale of 3, 6 

and 12. There is a harmony between SPI and aSPI in a time 

scale. It has been observed that most of the calculated 

indices are scattered between -1 and +1 (excluding peak 

values). SPI and aSPI values of the stations were 

determined as normal arid and normal humid in the 3, 6, 

12-month time scale. The coefficient of determination (R2) 

was calculated for the performance of the methods. R² is a 

measure that shows how much of the total change in the 

dependent variable a statistical model explains. When the 

calculated R2 values are evaluated, the lower R2 values 

correspond to 3-month time scales. Higher R2 values 

corresponded to the 12-month time scale. It was 

determined that there was a stronger relationship between 

indices for large time scales. The two indices closely 

change together, although some differences are observed 

between SPI and aSPI, especially on shorter time scales. 

(Figure 3, Figure 4, Figure 5).  

In Figure 6, Figure 7, Figure 8 presented below, the ITA 

findings of each station on a time scale of 3, 6 and 12 are 

included. When the scattering of the index data calculated 

for the time period studied in the ITA method is examined, 

the fact that most of the data remains above the 1:1 line 

shows that there is an increasing trend in the time series 

(Figure 6, Figure 7, Figure 8). 

 

Conclusion 

 

There are many different drought indices with 

numerical methods developed to effectively evaluate 

drought events, which is one of the important research 

topics today. It is crucial that the selected drought indices 

are compatible with the climatic conditions of the study 

area so that they can accurately reflect the drought status of 

the region. 

 

Table 4. Homogeneity Analysis Results of Kars Station Precipitation Data Performed with XLSTAT 

Variable Pettitt SNHT test Buishand Von Neumann Homogeneity 

Oct 0,563 0,722 0,466 0,483 Class 1 

Nov 0,359 0,760 0,888 0,423 Class 1 

Dec 0,576 0,585 0,581 0,295 Class 1 

Jan 0,197 0,437 0,193 0,839 Class 1 

Feb 0,919 0,602 0,616 0,671 Class 1 

Mar 0,580 0,436 0,220 0,095 Class 1 

Apr 0,544 0,160 0,355 0,344 Class 1 

May 0,511 0,195 0,115 0,274 Class 1 

Jun 0,956 0,628 0,455 0,136 Class 1 

Jul 0,583 0,323 0,126 0,121 Class 1 

Aug 0,349 0,829 0,527 0,799 Class 1 

Sep 0,401 0,322 0,163 0,546 Class 1 

 

  
Figure 3. SPI-aSPI comparative values for Kars 

precipitation station 3, 6, 12 time scale 

Figure 4. SPI-aSPI comparative values for Ardahan 

precipitation station 3, 6, 12 time scale 
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Figure 5. SPI-aSPI comparative values for Iğdır 

precipitation station 3, 6, 12 time scale 

 

 
Figure 6. SPI-aSPI ITA scatter plot for Kars precipitation 

station 3, 6, 12 time scale 

 

 
Figure 7. SPI-aSPI ITA scatter chart for Ardahan 

precipitation station 3, 6, 12 time scale 

 

 
Figure 8. SPI-aSPI ITA scatter plot for Iğdır precipitation 

station 3, 6, 12 time scale 

 

In this context, the homogeneity of the precipitation 

data of 3 precipitation stations in the Aras basin for the 

period 1980-2021 was examined at a 99% confidence level 

with four different homogeneity tests: Pettitt, Buishand, 

standard normal homogeneity test (SNHT) and Von 

Neumann ratio test. XLSTAT statistical software program 

was used for homogeneity tests. As a result of the 

evaluation, it was determined that all of the stations used in 

the study were homogeneous except Ardahan. It was 

included in the study because the non-homogeneous station 

was not overly suspicious. 

The Standardized Precipitation Index (SPI) was 

calculated with DrinC software over a time scale of 3, 6 

and 12 months. The Agricultural Standardized 

Precipitation Index (aSPI), a modified version of SPI that 

more accurately describes the amount of water that can be 

used efficiently by plants and is based on replacing total 

precipitation with effective precipitation, was also 

calculated using DrinC software on a 3, 6 and 12-month 

time scale. Both index calculations have a low data 

requirement and include commonly available 

meteorological parameters. In this study, index 

classification was made by calculating both SPI and aSPI. 

It was determined that there was a general agreement 

between SPI and aSPI depending on the time scale. It was 

observed that the calculated index values were mostly 

distributed in the range of -1 to +1, except for the extreme 

values. In the examined stations, both SPI and aSPI values 

were generally in the normal arid and normal humid classes 

on the 3-, 6-and 12-month time scales. The coefficient of 

determination (R2) was calculated for the performance of 

the methods. When the R² values determined for each 

index were compared, it was determined that the lowest R² 

values were obtained on a 3-month time scale and the 

highest R² values were obtained on a 12-month time scale. 

This suggests that the relationship between the two indices 

strengthens as the time scale grows. Although some 

differences emerge between SPI and aSPI on short time 

scales, it is understood that both indices show a similar 

change in terms of general trend. 

Innovative Trend Analysis (ITA), an innovative 

graphical method, was used for trend analysis of the 

calculated drought indices. When the scattering of the 

index data calculated for the time period studied in the 

innovative trend analysis (ITA) method is examined, the 

fact that most of the data remains above the 1:1 line shows 

that there is an increasing trend in the time series. However, 

in cases where most of the data is spread both below and 

above the 1:1 line, the use of innovative trend significance 

testing to interpret the chart will allow for more reliable 

results. Thanks to the trend envelope curves, verbal 

interpretations can be made and the chart can be interpreted 

more clearly. 

Interpreting drought indices contributes to the correct 

interpretation of climatic trends and enables long-term 

planning. It reduces risks in agricultural production. It 

supports the sustainable use of water resources and 

contributes to the protection of food security. Therefore, 

they are of great importance in agricultural planning and 

climate change adaptation strategies. 
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