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ABSTRACT: In this study, the temperature changes Malatya provinces located in the Euphrates Basin are 

analyzed and modeled based on 24 years of observation process (1996-2019). Relative humidity models were 

analyzed by observing the yearly mean temperatures of provinces, the lowest mean temperatures of winter months 

(December, January and February) and the highest mean temperatures of summer months (June, July and August). 

With the help of these models; temperature and humidity estimations can be made for future years and these models 

can be used in energy-related studies 
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1. INTRODUCTION

Meteorological data are of great importance in determining the energy potential of a region in 

the past and present, and developing ways to solve its problems [1, 2]. The need for energy is 

directly related to climate and weather conditions. Climate data is of great importance in the 

design of buildings, in the planning of agricultural production, in the design of the energy and 

installations needed for heating residential and industrial areas in cold weather and cooling in 

hot weather. [3, 4]. 

Outdoor temperature values of cities and towns in Turkey were identified in the 1950s, yet they 

are not in compliance with the present day conditions. Population increase, green areas, 

industrialization and lakes and ponds created in the cities affect the climate structures of the 

cities and cause the change of the outdoor temperature parameter. Five large dams were 

constructed on the Firat River, which is one of the important rivers of Eastern Anatolia, from 

the border to the exit gateway for both energy production and irrigation. The Firat River is born 

on the Murat River and the Karasu River at an altitude of 3290 meters and flows through the 

cities of Erzincan, Tunceli, Elazığ, Malatya, Diyarbakir, Adiyaman, Gaziantep and Sanliurfa 

and flows into the Persian Gulf. Its length is 2800 km and a total of 6396 MW of electrical 

energy is produced from five HEPPs through the river. This power is 30,8% of the electricity 

produced from hydroelectric power plants in Turkey, meeting 8,3% of the total electricity 

consumption. In addition to ensuring the energy generation of these dams, it also caused the 

change of the climate structure of the region.  
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Many studies have been done on the subject, especially in the country. These studies can be 

grouped into two groups. The first group of studies are mainly related to climate structures. 

Some examples of these studies are summarized below: 

Bakırcı et al [1] conducted energy studies for Erzurum province using meteorological data. 

Çobanyılmaz and Yüksel [2] presented the case study of Ankara by examining the harms that 

cities can experience due to climate change. Turkey's climate classification structure was made 

by the General Directorate of Meteorology [3] -Department of Climatology. Dönmez [4] carried 

out studies involving cities' air conditioners and climates. Geymen and Dirican [5] analyzed 

sea-level changes due to climate change. Apple et al. [6] and Şen [7] developed weather 

forecasting models using meteorological values. Al-Garni et al. [8] examined the climatic 

structures of the eastern regions of Saudi Arabia and modeled the wind power of the region. 

Akpınar et al. [9] investigated the weather conditions and wind power of some provinces in the 

Eastern Anatolia Region. Bicer [10] established the temperature and humidity models using 

meteorological data for certain provinces in the Euphrates Basin. 

The second group of studies deals with the effects of the artificial lakes or ponds on the climate 

of the region. Dam lakes in the region can be seen in Figure 1. Some of these studies are 

summarized below: 

Şengün [11] examined the changes caused by Keban Dam Lake in Elazig climate within 30 

years before and after 1975 and evaluated the results. Özkan [12] investigated the effect of 

Keban dam lake on Elazig climate conditions. He examined climate variables in the periods 

before and after the dam construction. After the dam was constructed, significant increases were 

observed in the winter months, as well as a certain amount of decreases in the temperatures in 

the summer months. Yeşilata et al. [13] investigated the change in the dam lake caused by 

temperature and humidity parameters in the GAP Region. Apart from these studies, Emiroğlu 

et al. [14], Tonbul [15] and Kadıoğlu [16] investigated the effect of Keban Dam Lake on the 

climate structure of Şanlıurfa province, Elazig province, Biçer and Yıldız [17]. Bacanlı and 

Tuğrul [18] examined the effect of Gökpınar Dam Lake on the climate structure of the 

provinces.  

Figure 1. Some of the dam lakes in the Upper Euphrates basin [19] 
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The aim of this study is to examine the weather parameters such as temperature and humidity 

of Malatya province by using meteorological values for a 24-year observation period, as well 

as presenting a preliminary idea for future studies by determining regression equations. 

2. MATERIAL AND METHODS

2.1. Materials 

The outdoor temperature parameter (T) of Malatya province, along with the monthly lowest 

and highest average temperature values were taken from the results of the meteorological 

measurement of the General Directorate of State Meteorological Affairs for the 1996-2019 

observation process [20]. 

2.2. Methods 

2.2.1. Temperature 

The average of the lowest monthly average of temperatures (Tdmin) for the winter months 

(December, January and February) of the province is calculated by Equation (1) and the average 

of the lowest temperature averages (EDSO) for the observation process [21]. 

Tdmin=(Tmin December + Tmin January + Tmin February). (1/3)   (1)

TEDSO=(1/n).   (2) 

Similarly, for the summer season (June, July and August), the average of the highest 

temperature values of the province (Tdmax), Equation (3) and the average of the highest 

temperature values for the observation process (TEYSO) were calculated by Equation (4) [21]. 

Tdmaks=(Tmax June + Tmax July + Tmaks August). (1/3) (3)

TEYSO=(1/n). (4)

Using the meteorological values of each province, the average of the lowest temperature 

averages (SO) of the 12 months of the year for the 24-year observation period was calculated 

through Equation (5)... 

TSO=(1/n). (5) 

2.2.2. Relative Humidity      

The monthly average values of the relative humidity parameter of the province were calculated 

through the annual meteorological measurement results of the General Directorate of State 

Meteorological Affairs for the 1996-2019 observation process [20]. 
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3. RESULTS AND DISCUSSION

The average change of EDSO, EYSO and SO temperature averages of the province is shown in 

Figure 2 for the monthly period and 24-year observation period. For this process, the average 

temperature, January, February and December temperature average values (EDSO), June, July 

and August temperature average values (EYSO) and 12-month average temperature values 

(SO) are shown in Table 1 as allocated by provinces. 

     Figure 2. Linear regression of average temperature values of Malatya province 

Table 1. Average temperature values of Malatya province (oC) 

Average temperature values 

EDSO EYSO SO 

2.07 26.7 14.4 

Examining Figure 2, it can be seen that the smallest value of EDSO was observed in 2008 (-

1.23 oC), the highest value in 2010 (4.57 oC), the lowest value of EYSO in 1997 (24.47 oC) and 

the highest value in 2010 (28,43 oC). Likewise, the smallest value for SO was observed in 1997 

(12.81 oC) and the highest value in 2010 (16.34 oC). The regression equations of these three 

parameters over the years show a rising graph, albeit very small. Keban Dam, which formed a 

lake field in 1975, and Karakaya Dam Lake in 1988 brought cooling to Elazig province for 4-5 
oC in winter conditions and 2-3 oC in summer conditions [10]. However, both global warming 

and the explosions in the Sun caused a temperature rise across the world. For this reason, during 

the observation, the average temperature of Malatya province has risen slightly in 24 years. 

EDSO, EYSO and SO temperature variation models of the province were determined by linear 

regression relations on the computer. The temperature changes of the province were examined 

as linear, exponential, polynomial and logarithmic models, and the equation with the largest R2 

value among the models was determined as the model of the relevant parameter of that province. 

Table 2 shows the models shown collectively and R2 of the model. In this table, the model 

suitable for the changes in the average temperatures of the province is stated in bold. Examining 

these models, it can be seen that EDSO, EYSO and SO exchange models of the province are 

polynomial models 
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 Table 2. Temperature values linear regression relations of Malatya province 

Model type SO EDSO EYSO 

Linear TSO = 0,07*Y+13,6 

R2=0,3868 

TEDSO = 0,015*Y +1,89 

R2=0,0049 

TEYSO = 0,097*Y + 25,6 

R2=0,4626 

Exponential TSO =13,59*e0,0 048*Y

R2=0,3832 

- TEYSO =25,527*e0,0036*Y

R2=0,4625 

Polynomial TSO=0,001*Y2+0,03*Y+13 

R2=0,3931 

TEDSO=0,009*Y2–0,2*Y +2 

R2=0,0741 

TEYSO=0,001*Y2+0,12*Y+25 

R2=0,4641 

Logarithmic TSO=0,52*Ln(Y)+13,3 

R2=0,2969 

TEDSO=0,13*Ln(Y)+2,8 

R2=0,0053 

TEYSO=0,76*Ln(Y)+24,97 

R2=0,4024 

T=Temperature, , Y=Year 

Relative humidity is the ratio of the humidity in the air to the maximum humidity at that 

temperature. The relative humidity must exceed 100% in order for precipitation to occur 

somewhere. The relative humidity decreases as the temperature increases. The reason for this 

is that the increase in the volume of the heated air will increase the humidity it can take. As 

relative humidity decreases, evaporation increases, while, on the other hand, relative humidity 

increases, evaporation decreases. Examining Table 3, the smallest and largest average relative 

humidity values between 1996-2019 can be seen as 46.55% - 57.51% for Malatya province. 

The average relative humidity change by years is shown in the graph in Figure 3. 

  Table 3. Average relative humidity values of the Malatya province 

Years Relative humidity Years Relative humidity 

1996 56.94 2008 52.56 

1997 53.83 2009 56.7 

1998 53.13 2010 50.06 

1999 49.17 2011 49.63 

2000 48.08 2012 50.05 

2001 47.4 2013 46.65 

2002 57.51 2014 46.88 

2003 58.45 2015 50.78 

2004 56.67 2016 46.59 

2005 56.21 2017 46.55 

2006 54.23 2018 46.56 

2007 54.09 2019 46.60 

In the average relative humidity equations and curves shown in Figure 3, it can be conferred 

that the appropriate model is polynomial type as in the temperature parameter and the equation 

shows a decreasing trend with the (-) sign at the beginning of the equation (Table 4).  
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     Figure 3. Linear regression of the relative humidity values of Malatya province 

Here; EDRHO: the smallest average relative humidity, EYRHO; the largest average relative 

humidity and RHO: the relative humidity averages of the 12 months (yearly) 

Table 4. Average relative humidity values of the province, linear regression equations 

 Model type RHO EDRHO EYRHO 

Linear RHO =- 0,35*Y+55,8 

R2=0,3456 

EDRHO =- 0,406*Y + 36,99 

R2=0,347 

EYRHO=- 0,215*Y+ 72,7 

R2=0,1312 

 Exponential RHO =55,87*e-0,0 07*Y

R2=0,3523 

EDRHO =37,13*e-0,0 13*Y

R2=0,3554 

EYRHO=72,746*e-0,003*Y

R2=0,1374 

 Polynomial RHO=-0,03*Y2+0,5*Y

+52,3          R2=0,4627 

EDRHO=-0,03*Y2+0,42*Y 

+33,4        R2=0,4348 

EYRHO=-0,04*Y2+0,9*Y 

+68,1            R2=0,3304 

Logarithmic RHO=-2,37*Ln(Y)+57 

R2=0,2223 

EDRHO=-2,61*Ln(Y)+37,9 

R2=0,1979 

EYRHO =-1,32*Ln(Y)+73 

R2=0,4024 

The models that are found in compliance among the temperature and humidity models 

examined in the province are given collectively in Table 5. 

Table 5. Linear regression relations of the city's temperature and relative humidity values 

Climate Parameter Season Linear regression models 

Temperature 

(oC) 

SO TSO=0,0014*Y2 + 0,0337*Y + 13,742 

EDSO TEDSO=0,0088*Y2  - 0,2028 + 2,8327 

EYSO TEYSO=0,0009*Y2 + 0,1194*Y + 25,42 

Relative humidity 

(%) 

RHO RHO=-0,0327*Y2+0,47*Y+52,28 

EDRHO RDRHO=-0,0331*Y2 + 0,4211*Y +33,406 

EYRHO TEYNO=-0,0429*Y2+0,8576*Y+68,092 
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4. CONCLUSIONS

In this study, using the meteorological data for the 24-year observation process of the Malatya 

province in the Upper Euphrates basin, the models of the change of the temperature average 

and relative humidity parameters of the provinces were determined. 

 A polynomial equation model has been determined for the average of average annual

temperature and humidity in winter, as well as the lowest, the highest in summer and 12 months 

during the city's observation.  

 The average temperature of the province shows a rising change while the relative

humidity shows a lowering change. 

 With these equations, it will be possible to estimate the temperature averages and

relative humidity parameters of the province in the coming years and to determine the effects 

of these predicted weather conditions on the environment. 

 Outdoor temperature parameter, which is an important parameter in the design of

heating installations, has been calculated based on very old data. Outdoor temperature 

parameters must be updated due to the increase in the winter months of the province considering 

the dam lakes in the region and the global warming. This study will help update the outdoor 

temperature parameter for the summer and winter seasons across the country. 

 Both construction costs and energy costs will be reduced with the design of the heating

installations to be prepared with the new outdoor temperature parameter to be updated. 
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