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both measurement methods used were close 
to each other. This shows that both evaluation 
methods can be used safely in mixing 
performance. Although the International ISO 
5682-2: 1997 (E) standard used in mixing 
tests does not recommend a drying method, 
the Turbidimetric method has proven to be a 
more preferable method in terms of ease of 
measurement, instantaneous results and high 
sensitivity. Furthermore, the performance of 
the mixer at different pressures and jet nozzle 
bore diameters in terms of the results obtained 
in the mixing tests performed did not reach 
the expected levels of mixing performance. 
For this reason, it has been determined that 
mixer designs which enable more effective 
mixing should be done by performing R & D 
studies in the domestic production of sprayer 
tanks. 
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Abstract 
 
Nature has been adversely affected by increasing industrialization – especially after the latter half of the last century – 
when accelerating technological development, unplanned urbanization, incorrect agricultural policies, deforestation, 
and the excessive and unsuitable use of energy have acted as factors to increase the release of gases into the 
environment. The global warming effect of greenhouse gases has had a negative impact on the meteorological and 
hydro-meteorological parameters, such as the temperature and precipitation, which are the main elements of a region's 
climate. In particular, sudden changes occurring in air temperature lead to major changes in the design of air 
conditioning systems, energy analysis, and heating- and cooling-load calculations such as degree-day. Various energy-
forecasting methods are being developed for air-conditioning systems in buildings, animal shelters and controlled 
environmental agriculture structures. Accurate and easily accessible climatic data are extremely important in terms of 
analysing the accuracy and energy efficiency of air conditioning systems. In this study, the trends and changes over a 
long period of daily maximum, minimum and mean temperature data were analyzed using the Mann-Kendall trend test 
and linear regression analysis, and comments have been made about nine provinces in the Southeastern Anatolia 
Region of Turkey. As a result of these analyses, it has been concluded that maximum temperatures of the provinces of 
Adıyaman, Gaziantep, Mardin, Şanlıurfa, the mean temperatures of the provinces of Adıyaman, Batman, Gaziantep, 
Kilis, Mardin, Siirt, Şanlıurfa and Şırnak, and the minimum temperatures in the provinces of Gaziantep, Kilis show 
statistically significant rising trends.  
 
Key words: climate change, Linear Regression Analysis, Mann-Kendall Trend Test, Southeastern Anatolia Region, 
temperature. 
 
 
INTRODUCTION  
 
Climate parameters that have a variable 
structure constantly differ in their temporal and 
spatial aspects. A majority of the Earth exhibits 
changes within short or long periods due to the 
nature of its own climate. A short-term climate 
change shows a difference in an annual 
measurement of any climate parameter from 
the long-term mean (Gardner et al., 1996; 
Karabulut and Cosun, 2009).  
Temperature, the main climate factor, has a 
significant role in the identification of global 
climate variability. The changes that occur in 
temperature are important in understanding the 
general climate structure. Therefore, in recent 
years, studies on climate change have focused 
on the trend analyses of the temperature 

parameter (Kadıoglu, 1997; Turkes et al., 2008; 
Karabulut and Cosun, 2009). 
Human factors are believed to have contributed 
to climate change from the mid-19th century. 
They have led to an increasing deterioration of 
ecological balance, along with rising 
population and developing technology. 
Changes associated with natural causes have 
advanced slowly for many years and the change 
has now become palpable. The biggest impacts 
of climate change will occur in countries in the 
middle and high altitudes. Turkey is among the 
countries that will be greatly affected by this 
change due to its geographical location 
(Karabulut et al., 2008).  
The increases identified by Sensoy et al. 
(2005), that occurred in Turkey’s mean, 
maximum and minimum temperature series – 
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particularly in the spring and summer after the 
cold year of 1992 – suggested that temperatures 
in Turkey are tending to rise, while the number 
of frost and icy days falls, along with daily 
temperature range. They indicated that cool 
nights decrease as hot nights increase, and that 
both maximum and minimum temperatures are 
rising. The difference between daily maximum 
and minimum temperatures diminishes because 
of global warming in many regions throughout 
the world (Tecer et al., 2004; Cosun and 
Karabulut, 2009). 
As in other countries, various studies related to 
climate change that specifically focus on trend 
analysis are also being carried out in Turkey. 
These trend analyses carried out on temperature 
demonstrate the existence of statistically 
significant increases throughout the country 
(Partal and Kahya, 2006; Ozkul et al., 2008). 
The aim of this study is to examine the trends 
of the daily maximum, minimum and mean 
temperature values of the nine provinces 
located in the Southeastern Anatolia Region – 
where agricultural activities are concentrated 
and where the hottest geographical areas in the 
country are found – by using Linear Regression 
Analysis (LRA) and the Mann-Kendall Trend 
Test (MKT).   
 
MATERIALS AND METHODS 
 
The Southeastern Anatolia Region (SAR), 
which includes Turkey’s important reservoirs 
in terms of water resource potential: the valleys 
of the Euphrates and Tigris rivers, was selected 
in the study. There are nine provinces in the 
region, and the long-term daily maximum, 
mean and minimum temperature values were 
obtained from the General Directorate of 
Meteorology of these provinces. The LRA and 
MKT techniques utilized in this study are 
simple and commonly used methods.   
 
Linear Regression Analysis (LRA) 
 
Linear regression analysis is a non-parametric 
test that determines the relationship between 
two or more dependent and independent 
variables that have a causal link. This test 

analyses whether a linear relationship and trend 
exists between variables with a 95% confidence 
interval (Haan, 1977; Hamdi et al., 2009; Singh 
et al., 2015). The Linear regression equation is 
shown in equation 1: 
 

bXaY ��    (1) 
 
Here, Y indicates a dependent variable, X 
indicates an independent variable, and a and b 
indicate a constant values. The significance of 
the linear regression test is tested with a 95% 
confidence interval using α (significance levels 
such as 5%, 1%) and Student t-test (Haan, 
1977; Sneyers, 1990; Bulut et. al., 2006).   
 
Mann-Kendall Trend Test (MKT) 
 
The MKT is very commonly used because it is 
not affected by deficient and erroneous 
measurement in a data series such as hydro-
meteorological data. It is non-parametric and 
facilitates trend determination. The MKT 
statistic (u(t)) is calculated. Equations 2 and 3 
below are used to calculate the MKT statistic:  
 

�
�

�
n

i
int

1
      (2) 

� �
)var(
)()(

t
tEttu �

�     (3) 

 
The u(t) value, calculated as a result of the test, 
is directly compared with the table value ( Critict ) 
of the 95% confidence interval ( )2,(2 �nt� ) in the 
Student-t distribution, and the existence of a 
trend in the variables is identified (Mann, 1945; 
Kendall, 1975; Sneyers, 1990; Partal and 
Kahya, 2006; Safari, 2012; Ahmed et al., 2014; 
Soydan et al., 2015). 
 
RESULTS AND DISCUSSIONS 
 
Long-term daily maximum, mean and 
minimum temperature values of the nine 
provinces are illustrated in Figure 1, by years, 
to examine the potential climatic changes in the 
study field. 
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particularly in the spring and summer after the 
cold year of 1992 – suggested that temperatures 
in Turkey are tending to rise, while the number 
of frost and icy days falls, along with daily 
temperature range. They indicated that cool 
nights decrease as hot nights increase, and that 
both maximum and minimum temperatures are 
rising. The difference between daily maximum 
and minimum temperatures diminishes because 
of global warming in many regions throughout 
the world (Tecer et al., 2004; Cosun and 
Karabulut, 2009). 
As in other countries, various studies related to 
climate change that specifically focus on trend 
analysis are also being carried out in Turkey. 
These trend analyses carried out on temperature 
demonstrate the existence of statistically 
significant increases throughout the country 
(Partal and Kahya, 2006; Ozkul et al., 2008). 
The aim of this study is to examine the trends 
of the daily maximum, minimum and mean 
temperature values of the nine provinces 
located in the Southeastern Anatolia Region – 
where agricultural activities are concentrated 
and where the hottest geographical areas in the 
country are found – by using Linear Regression 
Analysis (LRA) and the Mann-Kendall Trend 
Test (MKT).   
 
MATERIALS AND METHODS 
 
The Southeastern Anatolia Region (SAR), 
which includes Turkey’s important reservoirs 
in terms of water resource potential: the valleys 
of the Euphrates and Tigris rivers, was selected 
in the study. There are nine provinces in the 
region, and the long-term daily maximum, 
mean and minimum temperature values were 
obtained from the General Directorate of 
Meteorology of these provinces. The LRA and 
MKT techniques utilized in this study are 
simple and commonly used methods.   
 
Linear Regression Analysis (LRA) 
 
Linear regression analysis is a non-parametric 
test that determines the relationship between 
two or more dependent and independent 
variables that have a causal link. This test 

analyses whether a linear relationship and trend 
exists between variables with a 95% confidence 
interval (Haan, 1977; Hamdi et al., 2009; Singh 
et al., 2015). The Linear regression equation is 
shown in equation 1: 
 

bXaY ��    (1) 
 
Here, Y indicates a dependent variable, X 
indicates an independent variable, and a and b 
indicate a constant values. The significance of 
the linear regression test is tested with a 95% 
confidence interval using α (significance levels 
such as 5%, 1%) and Student t-test (Haan, 
1977; Sneyers, 1990; Bulut et. al., 2006).   
 
Mann-Kendall Trend Test (MKT) 
 
The MKT is very commonly used because it is 
not affected by deficient and erroneous 
measurement in a data series such as hydro-
meteorological data. It is non-parametric and 
facilitates trend determination. The MKT 
statistic (u(t)) is calculated. Equations 2 and 3 
below are used to calculate the MKT statistic:  
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The u(t) value, calculated as a result of the test, 
is directly compared with the table value ( Critict ) 
of the 95% confidence interval ( )2,(2 �nt� ) in the 
Student-t distribution, and the existence of a 
trend in the variables is identified (Mann, 1945; 
Kendall, 1975; Sneyers, 1990; Partal and 
Kahya, 2006; Safari, 2012; Ahmed et al., 2014; 
Soydan et al., 2015). 
 
RESULTS AND DISCUSSIONS 
 
Long-term daily maximum, mean and 
minimum temperature values of the nine 
provinces are illustrated in Figure 1, by years, 
to examine the potential climatic changes in the 
study field. 
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Figure 1. Visual changes in long-term daily maximum (Tmax), mean (Tmean) and minimum (Tmin) temperature values 

 

Figure 1 indicates that the trends of the 
temperature series generally agree with one 
another. Depending on the potential climatic 
changes in the region, significant rising trends 
have occurred in the regional provinces of 
Adıyaman for maximum and mean; in 
Gaziantep for maximum, mean and minimum; 
in Mardin for maximum and mean 
temperatures; in Şanlıurfa for maximum and 
mean temperatures; in Kilis for mean and 
minimum temperatures, and in Batman, Siirt 
and Şırnak for mean temperatures.  
These results agree with the predictions made 
by Turkes et al. (2002) with the 1975–2005 
annual and seasonal maximum, mean and 
minimum temperature increases. The 
geographical position of the region supports the 
rising trend along with long-term temperatures. 
In another study that examined temperature and 

precipitation values through trend analysis 
(Bahadir, 2011), the southern part of Turkey 
was said to be particularly sensitive to climatic 
changes. It indicates that the rising trend in 
temperature will continue and be occasionally 
severe in the future in the provinces of the 
Southeastern Anatolia project field. Therefore, 
our findings are compatible with these 
predictions.  
In order to demonstrate the statistical 
significance of the trends in long-term annual 
daily maximum, mean and minimum 
temperature values of the provinces in the study 
area, a linear regression analysis was carried 
out in a first phase, and an MKT was conducted 
in a second phase. The linear analysis equations 
and features of the provinces, by years, are 
illustrated in Tables 1, 2, and 3. 
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Table 1. Linear regression analysis features of long-term daily maximum temperatures 

Weather 
Station 

Regresion 
Coefficient 

(b) 

Correlation 
Coefficient 

(r) 

t value 
 

t critic 
 

p value 
 

Trend 
No 

Trend 
Inceases 

 

Trend 
Decreases 

 
Adıyaman 0.0440 0.494 + 4.100 0036,2�  0.000  X  
Batman - 0.0161 0.170 - 1.260 0054,2�  0.212 X   
Diyarbakır - 0.0043 0.055 - 0.400 0054,2�  0.689 X   
Gaziantep 0.0264 0.302 + 2.330 0054,2�  0.024  X  
Kilis 0.0132 0.045 + 1.050 0054,2�  0.296 X   
Mardin 0.0280 0.371 + 2.940 0054,2�  0.005  X  
Siirt 0.0017 0.010 + 0.140 0054,2�  0.887 X   
Şanlıurfa 0.0219 0.084 + 2.020 0054,2�  0.049  X  
Şırnak 0.0209 0.195 + 1.330 0162,2�  0.189 X   

 

Table 2. Linear regression analysis features of long-term daily mean temperatures 

Weather 
Station 

Regresion 
Coefficient 

(b) 

Correlation 
Coefficient 

(r) 

t value 
 

t critic 
 

p value 
 

Trend 
No 

 

Trend 
Increases 

 

Trend 
Decreases 

 
Adıyaman 0.0205 0.451 + 3.640 0036,2�  0.001  X  
Batman 0.0291 0.503 + 4.270 0054,2�  0.000  X  
Diyarbakır - 0.00332 0.071 - 0.510 0054,2�  0.615 X   
Gaziantep 0.0299 0.552 + 4.870 0054,2�  0.000  X  
Kilis 0.0201 0.474 + 3.960 0054,2�  0.000  X  
Mardin 0.0275 0.552 + 4.500 0054,2�  0.000  X  
Siirt 0.0211 0.391 + 3.120 0054,2�  0.003  X  
Şanlıurfa 0.0235 0.491 + 4.140 0054,2�  0.000  X  
Şırnak 0.0380 0.608 + 5.080 0162,2�  0.000  X  

 

Table 3. Linear regression analysis features of long-term daily minimum temperatures 

Weather 
Station 

Regresion 
Coefficient 

(b) 

Correlation 
Coefficient 

(r) 

t value 
 

t critic 
 

p value Trend 
No 

Trend 
Increases 

Trend 
Decreases 

Adıyaman 0.0218 0.130 + 0.960 0036,2�  0.344 X   
Batman 0.0006 0.010 + 0.010 0054,2�  0.991 X   
Diyarbakır - 0.0402 0.130 - 0.980 0054,2�  0.332 X   
Gaziantep 0.0932 0.470 + 3.910 0054,2�  0.000  X  
Kilis 0.0704 0.422 + 3.420 0054,2�  0.001  X  
Mardin 0.0180 0.105 + 0.780 0054,2�  0.441 X   
Siirt 0.0305 0.141 + 1.050 0054,2�  0.300 X   
Şanlıurfa 0.0297 0.217 + 1.640 0054,2�  0.107 X   
Şırnak 0.0242 0.126 + 0.850 0162,2�  0.402 X   

 
 
In Tables 1, 2 and 3, the statistical significance 
of the trend equations calculated for each 
province was analysed with correlation 
coefficient (r), a Student-t test and 5% 
probability (p) values.   
The statistical significance of these trends has 
been determined to vary between + 4.100 and 
+ 2.020 at daily maximum temperatures (Table 
1), between + 5.080 and + 3.120 at daily mean 
temperatures (Table 2) and between + 3.910 
and + 3.420 at daily minimum temperatures 
(Table 3). Moreover, in the long-term mean 
temperature changes of the provinces, it has 

been determined to vary between + 0.0440 and 
+ 0.0219 at maximum temperatures, between 
+ 0.0380 and + 0.0211 at mean temperatures 
and between + 0.0932 and + 0.0704 at 
minimum temperatures. The values given were 
listed to illustrate the important provincial 
trends. The values of the other non-trend 
provinces were not taken into account. 
As a result of these analyses, it has been 
concluded that maximum temperatures of the 
provinces of Adıyaman, Gaziantep, Mardin, 
Şanlıurfa, the mean temperatures of the 
provinces of Adıyaman, Batman, Gaziantep, 
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Figure 1. Visual changes in long-term daily maximum (Tmax), mean (Tmean) and minimum (Tmin) temperature values 

 

Figure 1 indicates that the trends of the 
temperature series generally agree with one 
another. Depending on the potential climatic 
changes in the region, significant rising trends 
have occurred in the regional provinces of 
Adıyaman for maximum and mean; in 
Gaziantep for maximum, mean and minimum; 
in Mardin for maximum and mean 
temperatures; in Şanlıurfa for maximum and 
mean temperatures; in Kilis for mean and 
minimum temperatures, and in Batman, Siirt 
and Şırnak for mean temperatures.  
These results agree with the predictions made 
by Turkes et al. (2002) with the 1975–2005 
annual and seasonal maximum, mean and 
minimum temperature increases. The 
geographical position of the region supports the 
rising trend along with long-term temperatures. 
In another study that examined temperature and 

precipitation values through trend analysis 
(Bahadir, 2011), the southern part of Turkey 
was said to be particularly sensitive to climatic 
changes. It indicates that the rising trend in 
temperature will continue and be occasionally 
severe in the future in the provinces of the 
Southeastern Anatolia project field. Therefore, 
our findings are compatible with these 
predictions.  
In order to demonstrate the statistical 
significance of the trends in long-term annual 
daily maximum, mean and minimum 
temperature values of the provinces in the study 
area, a linear regression analysis was carried 
out in a first phase, and an MKT was conducted 
in a second phase. The linear analysis equations 
and features of the provinces, by years, are 
illustrated in Tables 1, 2, and 3. 
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Table 1. Linear regression analysis features of long-term daily maximum temperatures 

Weather 
Station 

Regresion 
Coefficient 

(b) 

Correlation 
Coefficient 

(r) 

t value 
 

t critic 
 

p value 
 

Trend 
No 

Trend 
Inceases 

 

Trend 
Decreases 

 
Adıyaman 0.0440 0.494 + 4.100 0036,2�  0.000  X  
Batman - 0.0161 0.170 - 1.260 0054,2�  0.212 X   
Diyarbakır - 0.0043 0.055 - 0.400 0054,2�  0.689 X   
Gaziantep 0.0264 0.302 + 2.330 0054,2�  0.024  X  
Kilis 0.0132 0.045 + 1.050 0054,2�  0.296 X   
Mardin 0.0280 0.371 + 2.940 0054,2�  0.005  X  
Siirt 0.0017 0.010 + 0.140 0054,2�  0.887 X   
Şanlıurfa 0.0219 0.084 + 2.020 0054,2�  0.049  X  
Şırnak 0.0209 0.195 + 1.330 0162,2�  0.189 X   

 

Table 2. Linear regression analysis features of long-term daily mean temperatures 

Weather 
Station 

Regresion 
Coefficient 

(b) 

Correlation 
Coefficient 

(r) 

t value 
 

t critic 
 

p value 
 

Trend 
No 

 

Trend 
Increases 

 

Trend 
Decreases 

 
Adıyaman 0.0205 0.451 + 3.640 0036,2�  0.001  X  
Batman 0.0291 0.503 + 4.270 0054,2�  0.000  X  
Diyarbakır - 0.00332 0.071 - 0.510 0054,2�  0.615 X   
Gaziantep 0.0299 0.552 + 4.870 0054,2�  0.000  X  
Kilis 0.0201 0.474 + 3.960 0054,2�  0.000  X  
Mardin 0.0275 0.552 + 4.500 0054,2�  0.000  X  
Siirt 0.0211 0.391 + 3.120 0054,2�  0.003  X  
Şanlıurfa 0.0235 0.491 + 4.140 0054,2�  0.000  X  
Şırnak 0.0380 0.608 + 5.080 0162,2�  0.000  X  

 

Table 3. Linear regression analysis features of long-term daily minimum temperatures 

Weather 
Station 

Regresion 
Coefficient 

(b) 

Correlation 
Coefficient 

(r) 

t value 
 

t critic 
 

p value Trend 
No 

Trend 
Increases 

Trend 
Decreases 

Adıyaman 0.0218 0.130 + 0.960 0036,2�  0.344 X   
Batman 0.0006 0.010 + 0.010 0054,2�  0.991 X   
Diyarbakır - 0.0402 0.130 - 0.980 0054,2�  0.332 X   
Gaziantep 0.0932 0.470 + 3.910 0054,2�  0.000  X  
Kilis 0.0704 0.422 + 3.420 0054,2�  0.001  X  
Mardin 0.0180 0.105 + 0.780 0054,2�  0.441 X   
Siirt 0.0305 0.141 + 1.050 0054,2�  0.300 X   
Şanlıurfa 0.0297 0.217 + 1.640 0054,2�  0.107 X   
Şırnak 0.0242 0.126 + 0.850 0162,2�  0.402 X   

 
 
In Tables 1, 2 and 3, the statistical significance 
of the trend equations calculated for each 
province was analysed with correlation 
coefficient (r), a Student-t test and 5% 
probability (p) values.   
The statistical significance of these trends has 
been determined to vary between + 4.100 and 
+ 2.020 at daily maximum temperatures (Table 
1), between + 5.080 and + 3.120 at daily mean 
temperatures (Table 2) and between + 3.910 
and + 3.420 at daily minimum temperatures 
(Table 3). Moreover, in the long-term mean 
temperature changes of the provinces, it has 

been determined to vary between + 0.0440 and 
+ 0.0219 at maximum temperatures, between 
+ 0.0380 and + 0.0211 at mean temperatures 
and between + 0.0932 and + 0.0704 at 
minimum temperatures. The values given were 
listed to illustrate the important provincial 
trends. The values of the other non-trend 
provinces were not taken into account. 
As a result of these analyses, it has been 
concluded that maximum temperatures of the 
provinces of Adıyaman, Gaziantep, Mardin, 
Şanlıurfa, the mean temperatures of the 
provinces of Adıyaman, Batman, Gaziantep, 
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Kilis, Mardin, Siirt, Şanlıurfa and Şırnak, and 
the minimum temperatures in the provinces of 
Gaziantep, Kilis show statistically significant 
rising trends.  
Moreover, in terms of the long-term annual 
average temperature-change values (linear 
regression analysis) of the regional provinces, 
the daily maximum temperatures were deter-
mined to vary between + 0.0219oC 56-1years-1 
(for Şanlıurfa) and + 0.0440o C 54-1years-1 (for 
Adıyaman); the daily mean temperatures varied 
between + 0.0201 oC/56 years (for Kilis) and 
+ 0.0380oC 46-1years-1 (for Şırnak) and daily 

minimum temperatures varied between 
+ 0.0704oC 56-1years-1 (for Kilis) and 
+ 0.0932oC 56-1years-1 (for Gaziantep). 
 
Mann-Kendall Trend Test (MKT) 
 
The changes in the long-term daily maximum, 
mean and minimum temperature values of the 
nine provinces in the study were analysed using 
the Mann-Kendall Trend Test. The result is 
illustrated in Tables 4, 5 and 6. 
 

 

Table 4. MKT results of long-term daily maximum temperatures 

Weather 
Station 

Monitoring 
Period (n) 

MKT 
Value  
( )(tu ) 

t critic Trend 
No 

Trend 
Inceases 

Trend 
Decreases 

Adıyaman 54 + 3.812 0036,2�   X  
Batman 56 - 0.452 0054,2�  X   
Diyarbakır 56 + 0.028 0054,2�  X   
Gaziantep 56 + 2.474 0054,2�   X  
Kilis 56 + 0.905 0054,2�  X   
Mardin 56 + 2.940 0054,2�   X  
Siirt 56 + 0.283 0054,2�  X   
Şanlıurfa 56 + 2.587 0054,2�   X  
Şırnak 46 + 1.278 0162,2�  X   

 

Table 5. MKT results of long-term daily mean temperatures 

Weather 
Station 

Monitoring 
Period (n) 

MKT Value 
( )(tu ) 

t critic Trend 
No 

Trend 
Increases 

Trend 
Decreases 

Adıyaman 54 + 2.678 0036,2�   X  
Batman 56 + 4.000 0054,2�   X  
Diyarbakır 56 - 0.608 0054,2�  X   
Gaziantep 56 + 4.396 0054,2�   X  
Kilis 56 + 3.732 0054,2�   X  
Mardin 56 + 4.226 0054,2�   X  
Siirt 56 + 3.449 0054,2�   X  
Şanlıurfa 56 + 3.944 0054,2�   X  
Şırnak 46 + 4.232 0162,2�   X  

 

Table 6. MKT results of long-term daily minimum temperatures 

Weather 
Station 

Monitoring 
Period (n) 

MKT 
Value  
( )(tu ) 

t critic 
 

Trend 
No 

Trend 
Increases 

Trend 
Decreases 

Adıyaman 54 + 0.828 0036,2�  X   
Batman 56 + 1.060 0054,2�  X   
Diyarbakır 56 - 0.862 0054,2�  X   
Gaziantep 56 + 3.718 0054,2�   X  
Kilis 56 + 3.152 0054,2�   X  
Mardin 56 + 1.484 0054,2�  X   
Siirt 56 + 1.060 0054,2�  X   
Şanlıurfa 56 + 2.149 0054,2�   X  
Şırnak 46 + 1.240 0162,2�  X   

The MKT values calculated in Tables 4, 5 and 6 were analyzed against a 5% (p<0.05) significance level. 

 
According to the MKT u(t) results statistically 
significant rising trends have occurred, 
respectively (see Tables 4, 5 and 6) in the 
provinces of Adıyaman (+ 3.812) Mardin, 
Şanlıurfa and Gaziantep (+ 2.474) where they 
vary between + 3.812 and + 2.474 in maximum 
temperature, in Şırnak (+ 4.232), Gaziantep, 
Mardin, Batman, Şanlıurfa, Kilis, Siirt and 
Adıyaman (+ 2.678) where they vary between 
+ 4.232 and + 2.678 in mean temperatures, and 
in Gaziantep (+ 3.718) and Şanlıurfa (+ 2.149) 
where they vary between + 3.718 and + 2.149 
in minimum temperatures. The values given 
were listed to illustrate the important provincial 
trends. The values of the other non-trend 
provinces were not taken into account. 
 
CONCLUSIONS  
 
The trend values calculated for long-term daily 
maximum, mean and minimum temperature 
values of every meteorology station in the 
region were analyzed with a 5% (p<0.05) level 
of significance using bidirectional t distribu-
tion. It has been determined that there is a 
statistically significant trend in the long-term 
maximum temperatures, mean temperatures 
and minimum temperatures of the provinces in 
the study area. The geographical location of the 
Southeastern Anatolia Region, internal migra-
tion, unplanned urbanization, deforestation, 
erroneous agriculture policies and industriali-
zation are believed to be associated with these 
trends. The province most severely affected by 
the climatic change in the region is Gaziantep 
(changes at maximum, mean and minimum 
temperatures). The change in Gaziantep was 
found to be + 2.64 oC 56-1years-1 for maximum 
temperatures, + 2.99 oC 56-1years-1 for mean 
temperatures and + 9.32 oC 56-1years-1 for 
minimum temperatures. 
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Kilis, Mardin, Siirt, Şanlıurfa and Şırnak, and 
the minimum temperatures in the provinces of 
Gaziantep, Kilis show statistically significant 
rising trends.  
Moreover, in terms of the long-term annual 
average temperature-change values (linear 
regression analysis) of the regional provinces, 
the daily maximum temperatures were deter-
mined to vary between + 0.0219oC 56-1years-1 
(for Şanlıurfa) and + 0.0440o C 54-1years-1 (for 
Adıyaman); the daily mean temperatures varied 
between + 0.0201 oC/56 years (for Kilis) and 
+ 0.0380oC 46-1years-1 (for Şırnak) and daily 

minimum temperatures varied between 
+ 0.0704oC 56-1years-1 (for Kilis) and 
+ 0.0932oC 56-1years-1 (for Gaziantep). 
 
Mann-Kendall Trend Test (MKT) 
 
The changes in the long-term daily maximum, 
mean and minimum temperature values of the 
nine provinces in the study were analysed using 
the Mann-Kendall Trend Test. The result is 
illustrated in Tables 4, 5 and 6. 
 

 

Table 4. MKT results of long-term daily maximum temperatures 

Weather 
Station 

Monitoring 
Period (n) 

MKT 
Value  
( )(tu ) 

t critic Trend 
No 

Trend 
Inceases 

Trend 
Decreases 

Adıyaman 54 + 3.812 0036,2�   X  
Batman 56 - 0.452 0054,2�  X   
Diyarbakır 56 + 0.028 0054,2�  X   
Gaziantep 56 + 2.474 0054,2�   X  
Kilis 56 + 0.905 0054,2�  X   
Mardin 56 + 2.940 0054,2�   X  
Siirt 56 + 0.283 0054,2�  X   
Şanlıurfa 56 + 2.587 0054,2�   X  
Şırnak 46 + 1.278 0162,2�  X   

 

Table 5. MKT results of long-term daily mean temperatures 

Weather 
Station 

Monitoring 
Period (n) 

MKT Value 
( )(tu ) 

t critic Trend 
No 

Trend 
Increases 

Trend 
Decreases 

Adıyaman 54 + 2.678 0036,2�   X  
Batman 56 + 4.000 0054,2�   X  
Diyarbakır 56 - 0.608 0054,2�  X   
Gaziantep 56 + 4.396 0054,2�   X  
Kilis 56 + 3.732 0054,2�   X  
Mardin 56 + 4.226 0054,2�   X  
Siirt 56 + 3.449 0054,2�   X  
Şanlıurfa 56 + 3.944 0054,2�   X  
Şırnak 46 + 4.232 0162,2�   X  

 

Table 6. MKT results of long-term daily minimum temperatures 

Weather 
Station 

Monitoring 
Period (n) 

MKT 
Value  
( )(tu ) 

t critic 
 

Trend 
No 

Trend 
Increases 

Trend 
Decreases 

Adıyaman 54 + 0.828 0036,2�  X   
Batman 56 + 1.060 0054,2�  X   
Diyarbakır 56 - 0.862 0054,2�  X   
Gaziantep 56 + 3.718 0054,2�   X  
Kilis 56 + 3.152 0054,2�   X  
Mardin 56 + 1.484 0054,2�  X   
Siirt 56 + 1.060 0054,2�  X   
Şanlıurfa 56 + 2.149 0054,2�   X  
Şırnak 46 + 1.240 0162,2�  X   

The MKT values calculated in Tables 4, 5 and 6 were analyzed against a 5% (p<0.05) significance level. 

 
According to the MKT u(t) results statistically 
significant rising trends have occurred, 
respectively (see Tables 4, 5 and 6) in the 
provinces of Adıyaman (+ 3.812) Mardin, 
Şanlıurfa and Gaziantep (+ 2.474) where they 
vary between + 3.812 and + 2.474 in maximum 
temperature, in Şırnak (+ 4.232), Gaziantep, 
Mardin, Batman, Şanlıurfa, Kilis, Siirt and 
Adıyaman (+ 2.678) where they vary between 
+ 4.232 and + 2.678 in mean temperatures, and 
in Gaziantep (+ 3.718) and Şanlıurfa (+ 2.149) 
where they vary between + 3.718 and + 2.149 
in minimum temperatures. The values given 
were listed to illustrate the important provincial 
trends. The values of the other non-trend 
provinces were not taken into account. 
 
CONCLUSIONS  
 
The trend values calculated for long-term daily 
maximum, mean and minimum temperature 
values of every meteorology station in the 
region were analyzed with a 5% (p<0.05) level 
of significance using bidirectional t distribu-
tion. It has been determined that there is a 
statistically significant trend in the long-term 
maximum temperatures, mean temperatures 
and minimum temperatures of the provinces in 
the study area. The geographical location of the 
Southeastern Anatolia Region, internal migra-
tion, unplanned urbanization, deforestation, 
erroneous agriculture policies and industriali-
zation are believed to be associated with these 
trends. The province most severely affected by 
the climatic change in the region is Gaziantep 
(changes at maximum, mean and minimum 
temperatures). The change in Gaziantep was 
found to be + 2.64 oC 56-1years-1 for maximum 
temperatures, + 2.99 oC 56-1years-1 for mean 
temperatures and + 9.32 oC 56-1years-1 for 
minimum temperatures. 
 
ACKNOWLEDGEMENTS 
 
The authors thank to General Directorate of 
Meteorology for using meteorological data. 
 
REFERENCES 
 
Ahmed S.I., Rudra, R, Dickinson T., Ahmed M., 2014. 

Trend and periodicity of temperature time series in 
Ontario. American Journal of Climate Change, 3-5 
September, 272-288p. 

Bahadir M., 2011. Güneydoğu Anadolu Proje (GAP) 
alanında sıcaklık ve yağışın trend analizi. 
Uluslararası Sosyal Araştırmalar Dergisi, 4(16): 46-
59. (in Turkish) 

Bulut H., Yesilata B., Yesilnacar M.İ., 2006. Atatürk 
Baraj gölünün bölge iklimi üzerine etkisinin trend 
analizi ile tespiti. GAP V. Mühendislik Kongresi 
Bildiriler Kitabı, 26-28 Nisan 2006, 79-86s. (in 
Turkish) 

Cosun F., Karabulut M., 2009. Kahramanmaraş’ta 
ortalama, minumum ve maksimum sıcaklıkların trend 
analizi. Türk Coğrafya Dergisi, 53: 41-50.  (in 
Turkish) 

Gardner R.H., Hargrove W.G., Turner M.G., Romme 
W.H., 1996. Climate change, disturbance and 
landscape dynamics, global change and terrestrial 
ecosystems. Cambridge University Press, 149-172. 

Haan C.T., 1977. Statistical Methods in Hydrology, The 
Iowa State University Press, Ames, USA. 

Hamdi M.R., Abu-Allaban M., Al-Shayeb A., Jaber M., 
Momani N.M., 2009. Climate change in Jordan: A 
comprehensive examination approach. American 
Journal of Environmental Sciences, 5(1): 58-68. 

Kadıoglu M., 1997. Trend surface air temperature data 
over Turkey. Journal of Hydrology, 89: 128-144. 

Karabulut M., Sarıyildiz F., Korkmaz H., Gürbüz M., 
2008. Göksun’da yağış ve sıcaklıkların trend 
analizleri. 100. Yılında Göksun Sempozyumu, 23-24 
Ağustos, Kahramanmaraş. (in Turkish) 

Karabulut M., Cosun F., 2009. Kahramanmaraş ilinde 
yağışların trend analizi. Coğrafi Bilimler Dergisi, 7 
(1): 65-83. (in Turkish) 

Kendall M.G., 1975. Rank Correlation Methods, Charles 
Griffin, London. 

Mann H.B., 1945. Nonparametric tests against trend. 
Econometrica. 13(3): 245-259. 

Ozkul S., Fıstıkoglu O., Harmancıoglu N., 2008. İklim 
değişikliğinin su kaynaklarına etkisinin büyük 
menderes ve gediz havzaları örneğinde 
değerlendirilmesi, TMMOB 2. Su Politikaları 
Kongresi, 309-322. (in Turkish) 

Partal T., Kahya E., 2006. Trend analysis in turkish 
precipitation data. Hydrological Processes. 20: 2011-
2026. 

Safari B., 2012. Trend analysis of the mean annual 
temperature in Rwanda during the last fifty-two 
years. Journal of Environmental Protection, 3: 538-
551. 

Singh D., Gupta R.D., Jain S.K., 2015. Study of daily 
temperature ındices over Sutlej Basin, N-W 
Himalayan Region, India, Global NEST Journal, 
17(2): 301-311. 

Sneyers R., 1990. On the statistical analysis of series of 
observations, WMO Technical Note 143, WMO No: 
415, TP-103, Genva, World Meteorological 
Organization, pp:192. 

Soydan N.G., Gümüş V., Şimşek O., Gerger R., Ağun 
B., 2015. Seyhan havzası aylık ortalama akım ve 
yağış verilerinin trend analizi. VIII. Ulusal Hidroloji 
Kongresi 8-10 Ekim, 330-339s, Şanlıurfa. (in 
Turkish) 

Sensoy S., Demircan M., Alan İ., 2005. 1970-2004 
Yılları arası Türkiye iklim indisleri trendleri, Devlet 



462

 
Meteoroloji İşleri Genel Müdürlüğü, 
www.meteor.gov.tr/FILES/iklim/turkiye_iklim_indisl
eri.pdf (in Turkish) 

Tecer L., Okutan H., Cerit O., 2004. İklim Değişimi: 
1975-2001 Periyodunda Rize yağış ve sıcaklık 
trendlerinin analizi, 1. Ulusal Çevre Kongresi 
Bildiriler Kitabı, 355-365. (in Turkish) 

Türkes M., Sumer U., Demir, I., 2002. Türkiye’nin 
günlük ortalama, maksimum ve minimum hava 

sıcaklıkları ile sıcaklık genişliğindeki eğilimler ve 
değişiklikler. 11-13 Nisan, Klimatoloji Çalıştayı 
Bildiriler Kitabı, 89-106, Izmir. (in Turkish) 

Türkes M., Koc, T., Saris F., 2008. Spatiotemporal 
variability of precipitation total series over 
TURKEY, International Journal of Climatology. 
29(8): 1056-1074. 

 

 
SPECIES OF PLANTS OF THE OLTEŢ RIVER BASIN 

 
Maria BURDUŞEL 

 
„Ştefan Odobleja” High School, Bucharest, Romania 

 
Corresponding author email: burdusel.maria@yahoo.com 

 
Abstract 
 
The Olteţ River Basin is an area with varied flora, due to natural factors represented by geomorphological formations, 
differences in altitude, latitude and climatic conditions. From the altitude of 1548 m in the upper part, at the beginning 
of the basin, to the 88 m in its lower part at Fălcoiu, where the river flows into the greater Olt river, there are altitudes 
of 905 m in the Olteţ Gorges at Polovragi and of 411 m in the hills of the Getic Plateau which is crossed by the Olteţ. In 
this article are presented the floral elements identified in the territory researched over many years, starting with the 
year 2007 and several data about the condition of populations. Observations of the number of individuals/the 
abundance and factors which can endanger the existence of some species have shown that there are changes taking 
place within the floral inventory.    
 
Key words: flora, ganera, species, vegetation, the Olteţ River Basin. 
 
INTRODUCTION 
 
Spontaneous plant species of the Olteţ River 
Basin, regardless of what plant formations they 
are found in, are a component which needs and 
is worth the attention of researchers in this 
field.  
The floral research conducted shows that there 
are common species which have a great number 
of individuals with a high frequency, but also 
cases of genres with few species which have a 
small number of individuals.  
The floral composition of the vegetation in 
some points in the Basin has shown annual 
variations in many respects, especially as 
regards the entry or absence of entry into 
vegetation of some species.    
Out of the great number of species found in the 
territory researched, this article presents 25 
plant species from 21 genres, mentioned as 
spontaneous or rare in the literature.    

 
MATERIALS AND METHODS 
 
For observation of the species there were made 
field trips, in itinerary and stationary in some 
places, in the past years. Some plants have been 
harvested, pressed and placed on paper sheets 
in herbarium.  
Those quoted as rare or vulnerable, as well as 
those existing in a small number of individuals, 
have been photographed. Determination was 

made using the special determiner devices. 
During the field trips all important aspects 
about each plant were written down in the field 
notebook.  
Discussions were held with the local people to 
identify the place by the name given by these 
people, the popular name of the plant and the 
degree to which some of the plants were being 
used.   
 
 RESULTS AND DISCUSSIONS 
 
The plant species identified in the territory 
researched have established the localization by 
the name of the locality, the popular name of 
the place and its coordinates by Google Earth. 
Aspects about the number of individuals are 
also presented, as well as the degree of damage 
by natural or anthropogenic factors. 
Some of the descriptions are accompanied by 
photos of the plants, which were taken on the 
field.   

 
Angelica L. 
Angelica arhangelica L. – Polovragi, upstream 
of the Olteţ Gorges, 45012′57.20″ N, 230 46´ 
23.41″ E, alt. about 649 m, a very small 
number of individuals, some of which were 
damaged by the upstream flood, 21 VII 2014 
(Figure 1). 


