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Abstract. The analysis of drought trends plays a significant role in the efficient water resource 

management, especially in arid and semi-arid regions. Assessing the drought trends by drought indices, of 

which the Standardized Precipitation Index (SPI) is the most popular, is a reasonable way, because the 

drought indices measure the climatic anomalies through their severity, duration and frequency. In this 

study, the possible hydrological drought trends in the GAP region (Southeastern Turkey) were 

investigated by the use of 12- and 24-month SPI series. The SPI series were determined by 48-year-long 

(1970-2017) monthly precipitation data monitored at nine selected stations (Mardin, Adıyaman, Batman, 

Diyarbakır, Siirt, Şırnak, Gaziantep, Kilis and Şanlıurfa) in the GAP region. In the analyses, a recent 

graphical trend detection method entitled Innovative Şen Metod (ISM) and Mann-Kendall trend test 

(MK) were used. The ISM has non-parametric basis without any restrictive assumption, moreover, its 

application is rather simple when compared with the other trend identification methods. The ability to 

identify the trends of low, medium and high values of a series is the innovative side of the ISM. Since the 

significance test is a crucial factor to identify the possible trends scientifically, the results were statistical 

tested at the 0.05 significance level in the methods. The ISM and MK test both revealed that, Mardin is 

the most vulnerable province in the region, due to the significant decreasing trend, which determined by 

12-month and 24-month SPI values. Şanlıurfa, Kilis, Siirt, Diyarbakır and Batman are second order drone 

prone provinces. In accordance with the results of the ISM, there is an increasing trend in normal and wet 

conditions in Gaziantep, Şırnak and Adıyaman. Specifically, the results highlight that the central of the 

GAP region has a tendency toward the heavier droughts in the future. It is also concluded that the ISM is 

a valuable tool with its simplicity as well as the inherent properties to deduce qualitative information. 

Keywords: standardized precipitation index, non-parametric test, 1:1 straight line, graphical technique, 

sub-trends 

Introduction 

In recent decades, managing the water resources has become a major concern due to 

the impacts of climate change, which is generally characterized by increasing air 

temperatures and the variations in occurrence frequency and magnitude of the 

precipitation. Since the changing hydrological system components are not distributed 

uniformly, the distribution of hazardous events such as floods and droughts also varies 

around the world. Among these natural disasters, droughts play a more significant role 

due to its inherent direct effects on socio-economic development and environmental 

degradation. Therefore, understanding drought phenomena is paramount for the 

appropriate planning and management of water resources (Yevjevich et al., 1983). 

However, drought is a complicated phenomenon and is among the least understood 

natural hazards due to its multiple causing mechanisms or contributing factors operating 

at different temporal and spatial scales (Kiem et al., 2016). 

The general approach to quantify the droughts is using indices. World 

Meteorological Organization (WMO) and Global Water Partnership (GWP) has given a 
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wide and detailed literature and findings of drought indices for researchers in the 

domains of meteorology, hydrology, agricultural research and application, remote 

sensing, and water resources management (WMO and GWP, 2016). Using the drought 

indices, several researchers have analysed drought events in several parts of the world. 

Among the large, and still increasing number of researches, the most recent ones were 

Jang (2018), Buttafuoco et al. (2018), Tigkas et al. (2018), and Zhang et al. (2018). 

Undoubtedly, the most well-known drought index, the Standardized Precipitation 

Index (SPI), suggested by McKee et al. (1993), is the most popular among the existing 

indices for the estimation of drought severity. One of the main advantages of SPI is that 

it use only precipitation data with easy calculation steps as well as flexible time scales 

(e.g. 1, 3, 6, 12, 24 months). Hayes et al. (2011) concluded none of the indices has the 

universal applicability of the SPI, and WMO has recommended the SPI as the main 

meteorological drought index that countries should use to monitor and follow drought 

conditions. It has been extensively applied in different countries (Saada and Abu-

Romman, 2017; Logan et al., 2010; Manatsa et al., 2010; Patel and Yadav, 2015; Raziei 

et al., 2009; Zhai and Feng, 2009). 

On the other hand, investigations on variations of the drought characteristics are 

particularly important in identifying and understanding the impacts of climate change 

on the hydrologic cycle. To this end, the SPI trend analyses, which provide scientific 

information for better modeling, prediction, and control mechanism of the phenomenon 

concerned, are the essential efforts (Golian et al., 2015; Zhai et al., 2010; Caloiero, 

2018). 

There has been a wide range of researches subject to trend analyses on hydro-climate 

data in the literature (Fathian et al., 2014; Addisu et al., 2015; Chattopadhyay and 

Edwards, 2016; Bacanli, 2017; Onyutha, 2015; Zhao et al., 2015); however, they 

principally base on nonparametric tests, as the Mann–Kendall (MK) analysis (Mann, 

1945; Kendall, 1975), the Spearman’s rho (Yue et al., 2002) and the Sen trend slope 

calculation methodology (Sen, 1968). As Mohorji et al. (2017) concluded these 

objective approaches necessitate a set of assumption validity in the historical records 

(e.g. independent serial correlation structure, probability distribution functions, 

seasonality) and did not specify if low or high precipitation contributed to the detected 

trends (Caloiero et al., 2018). However, almost all the hydro-climate records have 

significant serial correlations at least on short memory basis, and efficient, effective, 

and optimum management of water resources requires identification of trends not only 

monotonically over a given time period but also whether the low, medium, and high 

values have separate trends (Şen, 2012, 2017). For this reason, Şen (2012) proposed the 

Innovative Şen Metod (ISM), which has found wide application in hydrology researches 

(Haktanir and Çitakoglu, 2014; Öztopal and Şen, 2017; Sonali and Kumar, 2013; 

Dabanli et al., 2016; Mishra and Coulibaly, 2014; Timbadiya et al., 2013). The ISM 

does not require any assumptions, and it base on the comparison of the two ascendingly 

ordered halves from the original time series. 

The Southeastern Anatolia Project (in Turkish the GAP) is one of the most ambitious 

regional development projects in Turkey encompassing not only hydropower and 

irrigation infrastructure development, but also all related sectors including industry, 

transportation, rural and urban infrastructure, environmental protection and social 

sectors (Kankal et al., 2016). Therefore, an integrated approach that especially focuses 

on water resources is essential to achieve the planned objectives. In the GAP region, 

assessment of climate change impacts (e.g. floods and droughts) on water resources 
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plays a crucial role, and climate change models has vital importance on achieving the 

project targets. To this end, trend analyses, which provide scientific information for 

better modeling, better prediction and better control mechanism of the phenomenon 

concerned, are the essential efforts. 

 This study aims to identify the drought-prone areas in the GAP region through the 

use of the SPI time series obtained for different timescales and by the Innovative Şen 

Metod (ISM) that allows the trend identification of the low, medium, and high values. 

First, the SPI values obtained at various time scales (12 and 24 months) based on 48-

year-long (1970-2017) precipitation data at nine selected stations (Mardin, Adıyaman, 

Batman, Diyarbakır, Siirt, Şırnak, Gaziantep, Kilis and Şanlıurfa) in the GAP region 

and then the SPI series were investigated by using the ISM and the results were 

compared with MK test results. 

Study area and data 

The Southeastern Anatolia Project region, in Turkish GAP region, spreads along 75 

103 km2 (9.6% of Turkey’s surface area, 780.6 103 km2) and includes nine provinces of 

Mardin, Adıyaman, Batman, Diyarbakır, Siirt, Şırnak, Gaziantep, Kilis and Şanlıurfa 

(Fig. 1). The Euphrates and Tigris Rivers, located in the GAP, have the largest flow 

volume of 16.9% and 11.4% of Turkey’s average annually runoff (186 109 m3), 

respectively (Altinbilek and Tortajada, 2012; Kankal et al., 2016). In general, the 

summer season in the region is very hot and under the influence of dry and warm 

tropical air mass while the winter is warm and rainy. The mean annual temperature is 

about 18 °C, due to the high summer temperatures that approach 40 °C in daytime 

(Yilmaz, 2018). 

 

 

Figure 1. Water structures and provinces in the GAP region (Kankal et al., 2016) 

 

 

The GAP region constitute approximately 10.7% of Turkey’s total population (80.8 

million, in 2018), and it is estimated that approximately 20% of total irrigable land and 

28% of the country’s energy potential are in this region (GAP, 2018). 
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An irrigable area of 18 103 km2 is planned to be irrigated in the GAP region, and at 

the first stage, economically irrigable area of 10.6 103 km2 is foreseen to be completed. 

The progress of the dams and hydroelectric power plants in the GAP region is presented 

in Figure 1 according to the project level. In the fertile lands, the agriculture is the main 

activity, and almost 25% of the economically active population was engaged in 

agriculture in 2017 (GAP, 2018). That is why the droughts have vital importance on 

socio-economic development in the region. 

For a more detailed description of the GAP, interested readers can refer to the 

website published by Southeastern Anatolia Project Regional Development 

Administration (GAP, 2018). 

In this study, the monthly precipitation data of the GAP provinces for the period 

1970-2017 were obtained from the General Directorate of Meteorological Services of 

Ministry of Forestry and Water Affairs, Turkey. Table 1 shows the geographical co-

ordinates, elevations and the average annual precipitation of the meteorological stations. 

The monthly averages of precipitation during the study period (1970-2017) and the 

seasonal distribution of annual precipitation are presented in Table 2. In the GAP 

region, the annual precipitation ranges from 431 mm to 697 mm, and approximately 

80% of the annual total is recorded in winter and spring seasons. Since the summer 

season is almost dry in the region, the irrigation is a key factor for the agriculture. 

Methodology 

Standardized precipitation index (SPI) 

The SPI quantifies the precipitation deficit and surplus, taking into account the time 

series (at least 30 years long) of cumulative precipitation for various reference periods 

(e.g. 6, 12, and 24 months). First, an appropriate probability density distribution is fitted 

to the frequency distribution of cumulated precipitation and then it is subsequently 

converted to a standard normal distribution (Tarawneh et al., 2009). In particular, the 

gamma distribution (two parametric) which generally fits better to the precipitation data 

is used in the analyses (Ganguli and Reddy, 2014; Zhang et al., 2015). In addition, 

Guttman (1999) and Angelidis et al. (2012) showed that there are only minor 

differences between the other distributions (e.g. normal, log-normal) with respect to the 

results. 

 
Table 1. The meteorological stations used in the study 

Stations Station ID Latitude (N) Longitude (E) Elevation (m) 

Mardin 17275 37.3103 40.7284 1040 

Adıyaman 17265 37.7553 38.2775 672 

Batman 17282 37.8636 41.1562 610 

Diyarbakır 17280 37.8973 40.2027 674 

Siirt 17210 37.9319 41.9354 895 

Şırnak 17287 37.5209 42.4523 1350 

Gaziantep 17261 37.0585 37.3510 854 

Kilis 17262 36.7085 37.1123 640 

Şanlıurfa 17270 37.1608 38.7863 550 
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Table 2. The precipitation data (mm) and seasonal percentiles of annual precipitation (%) 

Months Mardin Adıyaman Batman Diyarbakır Siirt Şırnak Gaziantep Kilis Şanlıurfa 

January 101.76 126.18 57.67 62.28 80.50 90.51 92.09 77.59 73.76 

February 104.25 99.21 65.40 66.12 94.16 100.27 81.18 69.66 66.80 

March 94.99 88.66 73.45 67.20 103.75 110.90 71.79 65.65 62.38 

April 78.33 67.98 69.27 65.13 100.07 106.29 56.35 47.05 47.27 

May 41.39 37.95 41.57 41.11 60.03 58.95 30.63 25.30 25.30 

June 6.30 8.52 8.55 9.45 10.12 5.34 7.49 8.70 4.63 

July 2.10 1.55 1.06 0.80 2.56 3.44 5.06 2.15 1.09 

August 0.79 1.14 1.14 0.54 1.68 0.31 3.59 4.60 1.43 

September 2.99 6.69 4.73 5.56 5.88 7.50 8.27 6.70 4.59 

October 32.64 45.58 30.37 33.44 49.27 46.43 39.15 33.91 25.45 

November 69.35 73.17 53.65 53.60 81.06 78.71 66.33 58.14 46.58 

December 103.37 125.28 63.36 70.06 86.92 88.49 94.61 81.31 71.73 

Annual 638 682 470 475 676 697 557 481 431 

Winter 48.5 51.4 39.6 41.8 38.7 40.1 48.1 47.5 49.3 

Spring 33.6 28.5 39.2 36.5 39.0 39.6 28.5 28.7 31.3 

Summer 1.4 1.6 2.3 2.3 2.1 1.3 2.9 3.2 1.7 

Autumn 16.4 18.4 18.9 19.5 20.1 19.0 20.4 20.5 17.8 

 

 

For a given time series of precipitation, the probability density function is defined as 

(Eqs. 1-2): 

 

  (Eq.1) 

 

  (Eq.2) 

 

where α > 0 is a shape parameter, β > 0 is a scale parameter, x > 0 is the amount of 

precipitation, and  (α) is the gamma function. Fitting the distribution to the data 

requires the estimation of shape (α) and scale (β) parameters, and using the 

approximation of Thom (1958), these parameters are estimated as (Eq. 3): 

 

            (Eq.3) 

 

where n is the number of observations. Integrating the probability density function with 

respect to x yields the following expression G(x) for the cumulative probability (Eq. 4): 

 

  (Eq.4) 

 

Substituting t =x / β, Equation 4 is reduced to (Eq. 5): 

 

  (Eq.5) 
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Since the gamma distribution is undefined for x = 0, in order to account for zero 

values that occur in a sample set, the cumulative probability function for gamma 

distribution is modified as (Eq. 6): 

 

  (Eq.6) 

 

where q is the probability of zero precipitation. 

Finally, the cumulative probability distribution is changed into the standard normal 

distribution to yield the SPI. Following the approximate conversion provided by 

Abramowitz and Stegun (1965), it results (Eqs. 7-8): 

 

      for 0 < H(x) ≤ 0.5 (Eq.7) 

 

       for 0.5 < H(x) ≤ 1.0 (Eq.8) 

 

where the mathematical constants are: c0 = 2.515517, c1 = 0.802853, c2 = 0.010328, 

d1 = 1.432788, d2 = 0.189269, d3 = 0.001308. 

The average of SPI values is 0, and the standard deviation is 1. For the studied area 

and studied period, one can identify the wet and dry conditions in accordance with the 

classification scale of SPI (Table 3). 

 
Table 3. Classifications scale for SPI values (Lloyd-Hughes and Saunders, 2002) 

SPI value Category Probability (%) 

SPI ≥ 2.00 Extremely wet 2.3 

1.50≤SPI≤1.99 Severely wet 4.4 

1.00≤SPI≤1.49 Moderately wet 9.2 

0.00≤SPI≤0.99 Mildly wet 34.1 

-0.99≤SPI≤0.00 Mild drought 34.1 

-1.49≤SPI≤-1.00 Moderately drought 9.2 

-1.99≤SPI≤-1.50 Severe drought 4.4 

SPI≤-2.00 Extreme drought 2.3 

 

 

The SPI has the ability to reflect the impact of drought on the water resources. 

However, streamflow, groundwater and reservoir storage reflect the longer-term 

precipitation anomalies, while soil moisture conditions respond to precipitation 

anomalies on a relatively short scale (Tsakiris and Vangelis, 2004). In a general 

classification, it is possible to use the 1 to 3-month SPI for meteorological drought, 3 to 

6-month SPI for agricultural drought and 12 to 24-month SPI for hydrological drought 

analyses and applications (Bonaccorso et al., 2003). 

In this study, the SPI values at different time scales (12 and 24 months) were 

computed by the use of the raw precipitation data, and the software entitled 

SPI_SL_6.exe which could be download from the link given in the WMO (2012), is 

used in the calculation process. 
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Mann-Kendall trend test 

The non-parametric MK test (Mann, 1945; Kendall, 1975) is the most widely applied 

method to detect the trends in a time series. This test is based on the statistic S (Eq. 9): 
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where n is the number of data, x is the data point at times j and k (j>k) and sgn() is the 

sign function. In cases where the sample size n ≥ 10, the mean of S and variance are 

given by (Eq. 10-11): 

 

  (Eq.10) 

 

  (Eq.11) 

 

where m is the number of tied groups and ti indicates the number of data in the ith tied 

group. The statistic S is approximately normal distributed provided that the following 

standardized test statistics Z as follows (Eq. 12): 

 

  (Eq.12) 

 

The positive (negative) value of Z shows the upward (downward) trend. In this study, 

trends were tested with a significance level of  = 0.05. The null hypothesis of no trend 

is rejected if the absolute value of Z is greater than 1.96, the critical Z values at 95% 

two-tailed confidence intervals. 

 

Innovative Şen method (ISM) 

In the ISM, proposed by Şen (2012), the time series is divided into two equal parts, 

which are separately sorted in ascending order. Then, the first and the second half of the 

time series are located on the x-axis and on the y-axis, respectively, of a Cartesian 

coordinate system. If the data are collected on the 1:1 straight line (45°), there is no 

trend in the time series (Fig. 2). If data are located on the upper triangular area of the 

ideal line, an increasing trend in the time series exists. If data pile up in the lower 

(upper) triangular area of the 1:1 line, there is a decreasing (increasing) trend in the time 

series. 

It is also possible to have time series in which there are scatter of points on both sides 

of 1∶1 line. These cases correspond to non-monotonic trends where within the same 

time series there are increasing and decreasing trends at different scales even hidden 

ones. All possible trend types are given in (Fig. 2). Moreover, low, medium and high 

values of a parameter can be evaluated graphically with this method (Dabanlı et al., 

2016; Öztopal and Şen, 2017). 
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The statistical significance test of the method has also proposed by Şen (2017), in 

which a meticulous description could be find. In short, the test is based on the 

construction of confidence intervals by taking into consideration the difference between 

two population means. Steps of this method are given by Equations 13-18. 

In the equations, the notations imply as below, where,  and : arithmetic averages 

of the first and the second halves of the data, ρ: correlation between the first and the 

second halves of the data, E(s): expectation of the slope (Eq. 13), n: number of data, σ: 

standard deviation of all data, σs: slope standard deviation (Eq. 14), and scri: Z critical 

values in one-way hypothesis at 95% ( = 0.05) confidence level (scri = ±1,645). 

 

 

Figure 2. Illustration of trend types in the ISM (Dabanlı et al., 2016) 

 

 

Critical upper and lower limits calculated by Equation 18 are used to make for 

hypothesis test. If slope value, s, is outside of the lower and upper confidence limits, 

thus, the alternative hypothesis, (Ha – Yes trend), is approved, otherwise the null 

hypothesis, (H0 – No trend) is accepted. The type of trend depend in accordance with 

the slope (s) sign. Slope value (s) can be positive or negative. This means that there is 

an increasing (+) or a decreasing (-) trend in time series (Şen, 2017; Ay and Özyıldırım, 

2017). 

 

  (Eq.13) 

 

  (Eq.14) 

 

  (Eq.15) 
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  (Eq.16) 

 

  (Eq.17) 

 

  (Eq.18) 

Results and discussion 

In this study, with the aim to detect possible hydrological drought trend in the GAP 

region, the ISM method was applied to the 12 and 24-month SPI series. All the SPI 

series were divided into two 24-year sub-series: from 1970 to 1993, and from 1994 to 

2017. In order to easily and better identify the possible trend of the dry, normal and wet 

conditions, two vertical bands have been added in Figures 3 and 4, where a red band 

corresponding to the drought limit (SPI = ≤ -1.0) and a green band corresponding to the 

wet conditions limit (SPI = ≥ 1.0). The area between the two bands represents the 

normal conditions. In the figures, 1:1 line indicates neutral (no trend) line and in the 

case of no trend the centroid point falls on the 1:1, and therefore, E(s) = 0. Any 

deviation from 1:1 line indicates existence of a trend in the given variable (Şen, 2017). 

The arithmetic averages of the two halves appear as the centroid that falls on the trend 

line (red dashed line), where the vertical difference between the trend line and 1:1 line 

is related to the slope (s) of the existing trend in the variable. The vertical distance is 

equal to the difference between the arithmetic means of the two halves, given as the 

centroid. It is obvious that in the case of increasing (decreasing) monotonic trend, the 

trend line falls above (below) the 1∶1 line. 

 

Assessment of the 12-month drought trends 

The results of the ISM obtained by the use of 12-month SPI values was given in 

Figure 3, and the main findings are summarized below. In Table 4, all the necessary 

calculations of the ISM and the Mann-Kendall significance test results are presented. 

In Mardin, there has been a decreasing trend in all SPI values, which lead to heavier 

droughts and weaker wet periods (Fig. 3a). It is also possible to conclude that the 

droughts follow a monotonic decreasing trend, and the decrement is more evident for 

the wet periods. 

In Figure 3b, a slight increasing trend is significant in accordance with the ISM 

results. In particular, there is an increasing trend in lowest values of SPI and that 

demonstrates Adıyaman experienced less extreme droughts in 1994-2017 period than 

the 1970-1993 period. A mild increase in wet conditions is also striking. 

Batman, Diyarbakır, Siirt and Şırnak have almost trendless for dry (SPI ≤ -1) and 

normal conditions; however the index values follow a decreasing trend for wet (SPI ≥ -

1) conditions (Fig. 3c-f). Accordingly, the weaker wet periods have been evidenced. 

Similar to Adıyaman, in Gaziantep, there is a general increasing trend in normal and 

wet conditions (Fig. 3g). However, here, both the highest and lowest SPI values 

increase, and that reveals Gaziantep subject to weaker extreme droughts and heavier 

extremely wet conditions. 

In Kilis, decreasing trend in the lowest SPI values correspond heavier drought 

condition, and there is almost trendless series for normal and wet conditions (Fig. 3h). 
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In Figure 3i, where the ISM results for Şanlıurfa is illustrated, a sharp increasing 

trend in the lowest SPI values (weaker extreme droughts) is striking, and the normal and 

wet periods did not show a clear tendency. 

 

Centroid

0,06; -0,05

Trend line

1:1

-4

-3

-2

-1

0

1

2

3

4

-4 -3 -2 -1 0 1 2 3 4

S
P

I 
1

2
 (

1
9

9
4

-2
0
1

7
)

SPI 12 (1970-1993)

Diyarbakır

Centroid

0,04; -0,03

Trend line

1:1

-4

-3

-2

-1

0

1

2

3

4

-4 -3 -2 -1 0 1 2 3 4

S
P

I 
1

2
 (

1
9

9
4

-2
0
1

7
)

SPI 12 (1970-1993)

Batman

Centroid -

0,11; 0,12

Trend line

1:1

-4

-3

-2

-1

0

1

2

3

4

-4 -3 -2 -1 0 1 2 3 4

S
P

I 
1

2
 (

1
9

9
4

-2
0
1

7
)

SPI 12 (1970-1993)

Adıyaman

Centroid

0,32; -0,31

Trend line

1:1

-4

-3

-2

-1

0

1

2

3

4

-4 -3 -2 -1 0 1 2 3 4

S
P

I 
1

2
 (

1
9

9
4

-2
0
1

7
)

SPI 12 (1970-1993)

Mardin

(a) (b)

(c) (d)

Centroid

0,08; -0,07

Trend line

1:1

-4

-3

-2

-1

0

1

2

3

4

-4 -3 -2 -1 0 1 2 3 4

S
P

I 
1

2
 (

1
9

9
4

-2
0
1

7
)

SPI 12 (1970-1993)

Siirt

Centroid -

0,09; 0,09

Trend line

1:1

-4

-3

-2

-1

0

1

2

3

4

-4 -3 -2 -1 0 1 2 3 4

S
P

I 
1

2
 (

1
9

9
4

-2
0
1

7
)

SPI 12 (1970-1993)

Şırnak

(e) (f)

 



Yilmaz: Analysis of hydrological drought trends in the GAP region (Southeastern Turkey) by Mann-Kendall test and innovative Şen 

method 
- 3335 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(2):3325-3342. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1702_33253342 

 2019, ALÖKI Kft., Budapest, Hungary 

Centroid -

0,17; 0,18

Trend line
1:1

-4

-3

-2

-1

0

1

2

3

4

-4 -3 -2 -1 0 1 2 3 4

S
P

I 
1

2
 (

1
9

9
4

-2
0
1

7
)

SPI 12 (1970-1993)

Gaziantep

Centroid

0,07; -0,06

Trend line

1:1

-4

-3

-2

-1

0

1

2

3

4

-4 -3 -2 -1 0 1 2 3 4

S
P

I 
1

2
 (

1
9

9
4

-2
0
1

7
)

SPI 12 (1970-1993)

Kilis

Centroid

0,11; -0,11

Trend line

1:1

-4

-3

-2

-1

0

1

2

3

4

-4 -3 -2 -1 0 1 2 3 4

S
P

I 
1

2
 (

1
9

9
4

-2
0
1

7
)

SPI 12 (1970-1993)

Şanlıurfa

(g) (h)

(i)

 

Figure 3. The scatter diagram of the ISM method for 12-month SPI in the GAP region 

 

 

The ISM, a graphical trend analyses approach, allow the above qualitative analyses 

for dry, normal and wet conditions for the all GAP provinces. The significance analysis 

for both the ISM and MK test were also performed in accordance with the steps given in 

the previous sections. Considering the SPI-12 time series as a whole, for five provinces 

(Mardin, Kilis and Şanlıurfa (decreasing) and Şırnak and Gaziantep (increasing), the 

same results were obtained both in MK test and in the ISM (Table 4). 

 

Assessment of the 24-month drought trends 

As regards to the ISM results of 24-month SPI values, almost the same results were 

obtained. However, it should be noted that there is a clear increase in the trend slope for 

all provinces (Fig. 4). In other words, when the drought trends analyzed with a 

prolonged time (e.g. 24 months), the lowest SPI values follow a significant decreasing 

trend with respect to 12-month SPI values, excluding Şırnak and Gaziantep. Another 

important finding is that there is no significant increase in wet condition through the 

region, again excluding Gaziantep. 
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Table 4. Results of ISM and MK trend tests for 12-month SPI 

 Mardin Adıyaman Batman Diyarbakır Siirt Şırnak Gaziantep Kilis Şanlıurfa 

Mean, y 0.002677 0.002855 0.002748 0.004592 0.002943 0.001312 0.004060 0.002695 0.003209 

Slope, s -0.002221 0.000831 -0.000247 -0.000372 -0.000552 0.000653 0.001239 -0.000478 -0.000792 

Intercept, a 0.629025 -0.231365 0.072358 0.109379 0.158688 -0.182801 -0.345266 0.137376 0.226649 

Standard deviation,  1.000675 0.999750 1.000329 0.997984 0.999279 1.001135 0.998790 1.000167 0.999764 

Correlation,  0.966491 0.970434 0.973991 0.985204 0.975263 0.957829 0.968268 0.983774 0.955506 

Slope standard deviation,  0.000039 0.000036 0.000034 0.000026 0.000033 0.000043 0.000038 0.000027 0.000045 

Lower CL (95%) -0.000064 -0.000060 -0.000056 -0.000042 -0.000055 -0.000071 -0.000062 -0.000044 -0.000073 

Upper CL (95%) 0.000064 0.000060 0.000056 0.000042 0.000055 0.000071 0.000062 0.000044 0.000073 

Accepted hypothesis (ISM) Ha Ha Ha Ha Ha Ha Ha Ha Ha 

Type of trend (ISM) Decreasing Increasing Decreasing Decreasing Decreasing Increasing Increasing Decreasing Decreasing 

Sig. level, α (one-way) 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

Calculated ± Z value -8.610 1.222 0.460 -0.687 0.730 3.131 1.974 -4.881 -4.434 

Z critical value (α = 0.05) ± 1.96 ± 1.96 ± 1.96 ± 1.96 ± 1.96 ± 1.96 ± 1.96 ± 1.96 ± 1.96 

Type of trend (MK) Decreasing No trend No trend No trend No trend Increasing Increasing Decreasing Decreasing 

 

 

In Mardin, an increasing trend for the extreme droughts is much more pronounced than 

the SPI-12 trend. It is also possible to say that a decreasing trend under normal and wet 

conditions (Fig. 4a). 

For Adıyaman, although there is a decreasing trend in extreme droughts base on SPI-

12 evaluations, the ISM results of SPI-24 revealed the increasing trend in normal and wet 

conditions in addition to almost trendless series in extreme droughts (Fig. 4b). 

Batman, Diyarbakır and Şanlıurfa have an increasing trend in droughts, especially in 

the extreme drought cluster (Fig. 4c-d and i). Moreover, a monotonic decreasing and a 

non-monotonic increasing trend were determined in normal conditions of Şanlurfa and 

Batman, respectively. The results revealed that trendless wet conditions for all provinces. 

The extreme wet conditions are in a decreasing trend in Siirt (Fig. 4e), where the 

almost trendless series are seen in the normal and dry conditions. 

In Şırnak, there is decreasing trend for the extreme droughts, and trendless series in 

wet conditions. An increasing trend in normal conditions also obtained by the scatter 

diagram (Fig. 4f). 

Figure 4g depicts Gaziantep with an increasing trend both in normal and wet 

conditions, additionally, it is very clear that there is no trend (increasing or decreasing) in 

droughts. 

In Kilis, a slight increasing trend in wet periods is determined in addition to a mild 

decrease in normal conditions and trendless series in droughts (Fig. 4h). 

In Table 5, the overall summary of the ISM and MK test results can be found. Similar 

to SPI-12 results, Mardin, Kilis and Şanlıurfa follow a decreasing trend also in SPI-24 

series. Here, a differentation is higher z scores of MK test and higher slope values 

determined by ISM. Adıyaman, Şırnak and Kilis are the provinces with an increasing 

trend in SPI-24 values, so, they can be seen as the provinces that seem to be the most 

robust against drought. For Batman, Diyarbakır and Siirt, there is not a consensus 

between the MK and ISM, since for SPI-24 index values the MK test reveals trendless 

series while the ISM accept the decreasing trend. 

The correlation between the trend slope values and z scores is explanatory for the 

reliability of the analyses. The correlation coefficient (r) is calculated as 0.869 and 0.876 

for 12 and 24 month SPI, respectively. That reveals a high correlation between Mann-

Kendall test (quantitative, non-parametric and statistical) and Innovative Şen Metod 
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(qualitative and graphical). The increment in correlation is based on the number of 

overlapping results of the SPI-24 analysis (=6), which is more than the one in the SPI-12 

analysis (=5). 
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Figure 4. The scatter diagram of the ISM method for 24-month SPI in the GAP region 

 

 
Table 5. Results of ISM and MK trend tests for 24-month SPI 

Stations Mardin Adıyaman Batman Diyarbakır Siirt Şırnak Gaziantep Kilis Şanlıurfa 

Mean, y 0.001667 0.002337 0.002935 0.003243 0.002174 0.000000 0.002482 0.001105 0.001159 

Slope, s -0.002989 0.001391 -0.000537 -0.000625 -0.000915 0.001051 0.001960 -0.000544 -0.001177 

Intercept, a 0.826594 -0.381685 0.151051 0.175743 0.254783 -0.290072 -0.538424 0.151286 0.326014 

Standard deviation,  1.001977 1.000445 0.999506 0.999758 1.000144 1.001955 0.999930 1.001348 1.001712 

Correlation,  0.978531 0.965260 0.974776 0.969196 0.970922 0.984745 0.993954 0.980526 0.992454 

Slope standard deviation,  0.000032 0.000041 0.000035 0.000038 0.000037 0.000027 0.000017 0.000030 0.000019 

Lower CL (95%) -0.000053 -0.000067 -0.000057 -0.000063 -0.000061 -0.000044 -0.000028 -0.000050 -0.000031 

Upper CL (95%) 0.000053 0.000067 0.000057 0.000063 0.000061 0.000044 0.000028 0.000050 0.000031 

Accepted hypothesis (ISM) Ha Ha Ha Ha Ha Ha Ha Ha Ha 

Type of trend (ISM) Decreasing Increasing Decreasing Decreasing Decreasing Increasing Increasing Decreasing Decreasing 

Sig. level, α (one-way) 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

Calculated ± Z value -11.112 3.226 0.287 -1.346 0.268 3.817 2.857 -6.236 -5.009 

Z critical value (α = 0.05) ± 1.96 ± 1.96 ± 1.96 ± 1.96 ± 1.96 ± 1.96 ± 1.96 ± 1.96 ± 1.96 

Type of trend (MK) Decreasing Increasing No trend No trend No trend Increasing Increasing Decreasing Decreasing 
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Conclusions 

Trend analysis is one of the most significant elements in any climate change study 

and provides a foresight for meteorological, hydrological, and climatological variables 

from past observations to future changes. The well-known trend test, Mann-Kendal 

(MK) trend test, which is misleading in the presence of data autocorrelation, requires 

few basic assumptions, which may not be valid in natural hydro-climatological time 

series. However, the Innovative Şen Method (ISM) does not require assumption, and it 

is based on the comparison of the two ascendingly ordered halves from the original time 

series. It also makes it possible to identify significant sub-trends of low, medium and 

high values. Moreover, due to its simplicity, it may be considered as a first step in the 

detailed climate change researches, for getting a general idea about the study area. 

In this study, the ISM and the MK trend test were applied to the 12- and 24-month 

standardized precipitation index (SPI) time series, determined for the 1970-2017 period, 

in order to demonstrate the possible heydrological drought trends in the GAP region 

(Southeastern Turkey). Since the deficits in the precipitation reflect itself in water 

resources after a prolonged time, the 12- and 24-month SPI are the main index for 

demonstration of hydrological drought that refers to shortages of water resources in 

groundwater, in reservoirs or streams. 

The ISM and MK test both revealed that, Mardin is the most vulnerable province in 

the region, due to the significant decreasing trend determined in 12-month and also in 

24- month SPI values. Moreover, the increasing droughts were confirmed by the ISM 

for all corresponding conditions, referenced as dry, normal and wet. Şanlıurfa, Kilis, 

Siirt, Diyarbakır and Batman are second order drone prone provinces. In accordance 

with the results of the ISM, it is noted that there are an increasing trend in normal and 

wet conditions in Gaziantep, Şırnak and Adıyaman. 

This study represent the Innovative Şen Metod with SPI values. However, future 

studies that focus on the similar methodologies and using the other drought indices that 

incorporate the evapotranspiration (e.g. Reconnaissance Drought Index) are 

recommended. When coupled with this study the future efforts would provide more 

results that are reliable for water resources managers. Moreover, since the various 

evapotranspiration estimation methods would differ the index values, using a wide 

range of estimations in the studies would provide possible trends in a more accurate and 

appropriate manner. 
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