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A STEEL SHAFT THERMO-
 

Filiz KARABUDAK1, Hamid ZAMANLOU2* 

1

2*  

Abstract: Fatigue analysis is one of the criteria to be considered in design. Fatigue is the indispensable 

end of products working under dynamic load. Stresses occurring under repetitive load cause the prog-

ression of micro cracks that it will create. When the remaining cross-section cannot meet the stresses, 

fatigue occurs and the product is damaged. This situation depends on the fatigue values of the material 

as well as the dynamic state of the load. There are various experiments and experimental setups in order 

to have information about the life of the materials. However, these experiments and their assemblies are 

often far from economical, they are not ergonomic, so we may need to experiment again for a slightly 

different situation than the case in which the experiment was performed, or a comparison method may 

be considered, which is beyond the scope of engineering. There are soft wares that adopt the finite 

element method as a principle to perform these experiments and various others analyzes. One of the 

most important of the existing ones is ANSYS program package. With this software, it is possible to 

apply real analysis under real environment conditions. Moreover, your computer will be your only setup 

for all experiments. In other words, economy and ergonomics, which are the two basic principles that 

engineering seeks, are provided in this way. In this study thermo mechanichal fatigue life of steel shaft 

evaluated by FEM using ANSYS program Package.  

Keywords: Thermo Mechanichal, Fatigue, FEM,  Stress Life 

INTRODUCTION and THEORETICAL FRAMEWORK 

Machine elements are generally under the influence of variable loads and stresses. Even if the loads 

affecting the element are static, the stresses occurring in its cross section can be variable. For example, 

the stresses created by static load acting on a rotating shaft are fully variable (Lampman, 1996: 250-

262). 

In elements under the influence of variable stresses, their number of repetitions is important, not their 

maximum values. Cyclically varying stresses cause some wear in the internal structure of the material. 

Thus, the rupture event occurs far below the static limits. The duration of the change in the internal 

structure of the material under the influence of variable stresses is called fatigue and the period until the 

element ruptures (Bannantine, 1990: 15-17). 

In the case of fatigue, cracking usually begins in a surface roughness, a notch, a scratch, a hairline crack, 

or where there is a sudden change in cross section. It is the fact that metal parts in vehicles or structures 

lose their strength gradually under repeated stresses or loads, and they can crack or break under the 

effect of a much weaker final stress than they can actually withstand (Marsh, 2016: 757-765). 

Fatigue occurring in metal material is not reversible. In other words, no matter how long you keep a 

tired metal without working without taking the necessary precautions (rest), the fatigue will resume from 

the moment it starts to work again, except for a small amount of self-recovery. 
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ANSYS software is general purpose finite element software that can be used to simulate the interaction 

of all disciplines of physics in the fields of strength, vibration, fluid mechanics, heat transfer and elect-

romagnetics (Quigley, 2012: 911-920). 

In this way, ANSYS, which allows the simulations of the tests performed or the working conditions, 

allows the products to be tested in a virtual environment before prototypes are produced. In addition, as 

a result of the 3D simulations in the virtual environment, it is possible to detect and improve the weak 

points of the structures, to perform life calculations and to predict possible problems (Ralph, 2001: 25-

32), (Hancq, 2000:131-144) 

PURPOSE 

The main purpose of fatigue analysis is to characterize what number of cycles the material can withstand 

during its lifetime. There are generally 3 main methods in fatigue analysis. These are Strain Life, Stress 

Life and Fracture Mechanics. Ansys Workbench Fatigue Module offers the first two of them to the user.

SCOPE 

Fracture Mechanics starts with a putative defect or damage of known size and examines the progression 

of the crack so it is sometimes known as "Crack Life". Includes information on crack growth rate, areas 

in the life of the crack and critical crack length.In this case, Crack initiation plus Crack Life is equal to 

the total life of the piece. This work is done on the total life of the piece. 

METHOD  

There are different ways to create the model required for analysis with ANSYS Workbench. The first 

of these is the design module in the Workbench, which does not require any external hardware. Another 

way is to import the sample modeled with a different design program into the Workbench. 

Figure 1. Creating the Model 

After using materials properties from Table 1, the created model can meshed as shown in Figure 2. 

Therefore, it may be possible to obtain more accurate results with mesh sizes to be determined according 

to the situation. 
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Table 1. Physical and Mechanical Properties of Shaft Material 

Material Steel 

Mass density 7.85 g/cm3 

Mass 2.44247 kg 

Area 37,098.1 mm2 

Volume 311,143 mm3 

Yield strength 207 MPa 

Ultimate tensile strength 345 Mpa 

 210 GPa 

  

Shear modulus 80.7692 GPa 

 

 

 

 

 

 

 

 

  

It becomes ready for solution after the loading types and other features of the system (supports and 

types, angular velocity, etc.). the loads on the shaft used from data in Table 2. 

  

Figure 2. Mesh Screen 
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Table 2. Loads on the Shaft 

Quantities  Unit Value 

Mass  Mass 2.45 kg 

Length  L 300.00 mm 

Maximal bending stress    153.25 MPa 

Maximal shear stress   29.55 MPa 

Maximal tension stress    0.00 MPa 

Maximal torsional stress   2.70 MPa 

Maximal reduced stress    158.93 MPa 

In this study, the fatigue life is obtained by direct transient and modal transient finite element methods 

and Rainflow cycle calculation method in the time plane, random vibration finite element method in the 

frequency plane and high cycle calculation method and the results are compared and the advantages and 

disadvantages of the methods are examined. 

The white noise acceleration data created to be applied in finite element analysis to be made in the time 

plane is shown in Figure 3. Since white noise is random with a Gaussian distribution, it allows the 

method of random vibration to be used. 

 

 

 

 

 

 

 

 

 

The theoretically and numerically calculated power spectral density data of the time-dependent accele-

ration shown in Figure 3 appears. The square root of the area under the power spectrum density gives 

the RMS value of the represented data. 

RESULTS  

After the solution process is over, the desired analyzes can be analyzed by clicking on the problems to 

be solved in the transaction tree. For this analysis, which was carried out to determine the life of the 

material, the solution was analyzed first by focusing on "Life". 

Figure 3. Acceleration Data Used for Finite Element Analyses 

Acceleration 

Time
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As shown in figure 4, rupture occurs after 110.79 cycles in the critical cross section of the sample with 

a 1mm mesh size and 1000 N bearing load. Also, if desired, it is possible to see the result of any analysis 

by clicking on the process tree. 

 

 

 

 

 

 

 

 

As can be seen from the tables and graphs, as the stresses in the cross section increase, the material life 

decreases. 

Again, from the related tables and graphics, it is obvious that the determined finite element size has a 

direct effect on the result. In this study, since simple loading is made to a simple sample, the differences 

depending on the mesh size seem small. However, when looking at the engineering framework, it is 

possible to talk about huge differences. 

For example, when the sample moving with an angular velocity of 200 rad / s is divided into 1mm finite 

elements to analyze under 800 N loading, the life of the material is observed as 205.8 cycles, while the 

life of the material in the analysis performed by separating the same sample into 2mm size finite ele-

ments Observed as 204 cycles. As mentioned, it is possible to encounter huge differences in more comp-

lex problems. 

  

Figure 4. Acceleration Data Used for Finite Element Analyses 
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Table 3. Life Values According to Loading Status and Mesh Size 

 

MESH SIZE (mm) 

 

1 2 4 

LOAD (N) LIFE (number of cycles) 

 

100 1,1872e+005 1,1553e+005 1,0996e+005 

200 9854,4 9627,8 9230,9 

300 2814,1 2749,4 2636,1 

400 1261,6 1237,1 1194,1 

500 706,2 692,5 668,4 

600 439,5 431 416

700 291,2 288,7 278,6 

800 205,8 204 197

 

 

Chart 1. Comparison of Analysis Results 

CONCLUSION 

ANSYS Workbench handles the solution of each finite element separately. It is noticed that as the mesh 

size increases, the time of the analysis run decreases. In other words, as the mesh size gets smaller, the 

number of equations that the software has to solve will increase. More precisely, the degree of freedom 
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of the problem increases as the number of meshes increases. In this case, more accurate results are 

obtained for the problem.

 Fatigue analysis performed by the finite element method will give results that match the reality, provi-

ded that the modeling is done correctly. Thanks to these results, the preliminary information required 

for the life of the material will be obtained and the material will be used for the optimum period by 

taking into account the required safety factors. 
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oC), 

kendir. Yeme-

r 

- 
oC), 

 (Url_1, 2020). 

nem (%rH), 

 o

-

.  

eler:  

 

Tablo 1  

Giysiler  

 0 clo 

 0,1 clo 

 0,3   

Normal Giysi 0,8  1,2 clo 

 1,5  2,0 clo 

i) 4 clo 

 

 

ilmektedir. 1 met 58,15 W/m2

(Zorer, 2020). 
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Tablo 2  

Etkinlik  

Uyku Halinde 40 W/m2 =0.8 met 

 50-60 W/m2 =1-1.2 met 

 65-90 W/m2 =1.2-2 met 

 95-130 W/m2 =3 met 

 

(Salur, 2016) cinsiyetteki 

  

-

salt yeme-

-
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PMV (Predicted Mean Vote; Tahmini Ortalama Oy) ile PPD (Predicted Percent-

age of Dissatisfied; Tahmini Memnuniyetsizlik  PMV / PPD 

r (Tablo 

3). 

Tablo 3  

  

M-W =E+R+C+K+S 

transferi 

 

modelleri Gagge ve Fanger modelleridir.  

Gagge modeli

 

2010).  

Fanger modeli, insanlar

 PPD 

 

(1)                PPD = 100 - 95 exp-(0,033 53  PMV4 9  PMV2) 

saptanabilmektedir (BEP:27075, 2008)
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PMV PPD (%)  

(oC) 

(m/sn)
 Gece

1  

gesi 

-1.54 53.07 35.60 17.90 0 Hafif Se-

rin 

Hafif 

Serin

2 

 

-1.56 54.16 35.60 17.90 0  Hafif 

Serin

3 

 

-1.07 29.15 35.60 17.90 0 

4 

 

-0.12 5.29 35.60 17.90 0 

5 

Servis ve 

yon 

-1.53 51.98 35.60 17.90 0  

 

6 

 

1.10 30.51 35.60 17.90 0  Nor-

mal

 

 

o r. 

-

neminde hafif giysiler giyilmesi sebebiyle normal -
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PMV PPD (%)  Nem 

(oC) 

(m/sn)

1  

gesi 

 

2 

 

0.69 15.07 43.91 25.60 0.14  

3 

 

1.02 26.93 33.34 26.84 0.03 

4 

 

1.64 58.43 37.62 28.88 0.63 

5 

Servis ve 

yon 

-1.07 29.24 40.46 26.90 0.02  

Normal

6 

 

1.12 31.71 40.83 26.90 0.02  

 

-0.5 <PMV<0.5 ve PPD<%10  ile  -  

 

- 

 

-   

gedir.  

- 

 



 
 

450 

- , gece ise hafif serin 

- 

- 

 

 

Yeme-  

-

 

 

 

 

 

 

 

 

 

 

 

 -

 

 

 



 
 

451

 

Analizi. , 20-25.

ASHRAE Standart 55. (2013). Thermal Environmental Conditions for Human Occupancy. 
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452 

 

Hakan YILDIRIM 

 

 

ve olgunluk seviye

ktedir. Lokal 

 

Restoranlar(R)-Kuryeler(K)- -

her bir r-k- -zaman-kar optimizasyonu problemini trend analizleri ve hassa-

 

Anahtar Kelimeler:  

 

-robot entegrasy

 

-

kte 

-zaman 

 

Elde ed - -zaman 

 

-

kargo nitelikli hizmet veren 

 



 
 

453

bilecektir.  

-trafik-

 

Bu ve benzer probleml

 

 

Ar-

 

 

malara verilen 

-

 

-

 

 



 
 

454 

ise dr

 

-line 

 

- 

-  

 

 

 

 

elastisitesi, ekonomiklik, memnuniyet-

renen ve  

-

 



 
 

455

S.No  Yeni Ne-

sil Sis-

temler 

BPA: 

Restau-

rant Deli-

very 

Flipdish Onfleet  Or-

ders2.me  

PC*MI-

LER

 

1

 

Olacak Var Var Var Var Var 
 

2

yelerin Bayrak 

  

Olacak Yok Yok Yok Yok Yok 
 

3 ilim ve Fiyat 

Analizi 

Olacak Var Var Var Var Var 
 

4  Olacak Var Var Var Var Var 
 

5

  

Olacak Var Var Var Var Var 
 

6 DPU/BYM gibi 

3.Nesil Lojistik 

Algoritmal...  

Olacak Yok Yok Yok Yok Yok 
 

7 Men  Olacak Var Var Var Var Var 
 

8  Olacak Var Var Var Var Var 
 

9

timi 

Olacak Var Var Var Var Var 
 

10 Drone ve Robot 

tegrasyon...  

Olacak Yok Yok Yok Yok Yok 
 

 

 

-line (statik) ve on-  
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Bulut Servisleri 

Server-side uygulamalar Kubernetes veya Dockers gibi bir container teknolojisi kullanarak AWS, 
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. 

Tablo 2.

) Skor

(0.9, 0.1, 0.0) 9

(0.8, 0.2, 0.1) 7

(0.7, 0.3, 0.2) 5

(0.6, 0.4, 0.3) 3

(0.5, 0.4, 0.4) 1

Bira (0.4, 0.6, 0.3) 1/3

(0.3, 0.7, 0.2) 1/5

(0.2, 0.8, 0.1) 1/7

(0.1, 0.9, 0.0) 1/9

Kriterler C1 C2 C3 C4 ) )

C1 EI HI AMI SMI (0.73, 0.26, 0.23) 0.360

C2 LI EI SMI LI (0.35, 0.63, 0.27) 0.158

C3 ALI SLI EI VLI (0.37, 0.61, 0.29) 0.169

C4 SLI HI VHI EI (0.65, 0.35, 0.25) 0.313

CR = 0.066
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Tablo 3.  

 

A1 A2 A3 

0,028386 0,02129 0,038744 

0,0169 0,019719 0,018839 

0,027801 0,013764 0,035571 

0,018812 0,009548 0,015478 

0,034118 0,025589 0,046567 

0,020128 0,010216 0,016561 

0,023394 0,018544 0,018544 

0,028638 0,028638 0,018102 

0,029368 0,022027 0,040084 

0,014922 0,007574 0,012277 

0,017345 0,008646 0,017345 

0,016884 0,012664 0,023045 

0,009719 0,004812 0,012436 

0,019472 0,00964 0,024914 

0,010793 0,008095 0,014731 

0,01647 0,010411 0,01647 

0,022183 0,013163 0,030514 

Alternatifle-

 

0,35533 0,24434 0,40022 
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ESTIMATING THE DISTRIBUTION OF AVERAGE ANNUAL PRECIPITATION IN THE 
EUPHRATES BASIN THROUGH GEOSTATISTICAL INTERPOLATION METHODS 

 

 

Abstract: It is not possible to measure meteorological and hydrological data from all points in an area, 

both in terms of cost and technical. Therefore, it is necessary to estimate the data with various interpolation 

methods. Interpolation methods are used to produce maps of large areas by determining the values of unk-

nown points with the help of known points. Mapping the spatial change of precipitation is of great impor-

tance in terms of providing important information to decision-makers in the management and planning of 

water resources. In this study, it is aimed to estimate the spatial distribution of the annual average precipi-

tation in the Euphrates Basin by using geostatistical interpolation methods. Therefore, Ordinary Kriging, 

Simple Kriging, Universal Kriging, Ordinary CoKriging, Empirical Bayesian Kriging methods have been 

used. Long-term annual precipitation averages between 1966-2017 were used in interpolation methods. 

Cross-validation tests were used to determine the most appropriate interpolation method. The method has 

the smallest mean square error obtained as a result of the cross-validation tests was chosen as the most 

accurate method. As a result of the study, the Empirical Bayesian Kriging method obtained with log em-

pirical transform, K-Bessel detrended semivariogram function, and smooth circular neighborhood type was 

determined as the most suitable. 

Keywords: Precipitation, Geostatistical Interpolation, Kriging, Mapping, Euphrates Basin, Cross-Valida-

tion 

INTRODUCTION and THEORETICAL FOUNDATIONS 

In contrast to point precipitation values, average area rainfalls falling on a certain area are used in studies 

aimed at improving water resources (Creutin and Obled, 1982). Rainfall is one of the main sources of soil 

moisture, groundwater, hydroelectric energy and drinking water in semi-arid areas. Therefore, determining 

the spatial spread of precipitation is of vital importance (Lam et al. 2015; Hadi and Tombul 2018). It is 

often not possible to directly measure environmental variables in all parts of the world or in a selected 

region. Indirect measurement using remote sensing tools is a viable alternative to providing complete in-

formation in space, but the accuracy and resolution of the information may not be sufficient for the intended 

use. As a result, in many practical situations, it is necessary to generate spatially detailed information from 

a limited set of direct measures. Therefore, many simple and complex spatial interpolation methods have 

been developed for estimating the value of environmental variables at locations that cannot be measured 

(Bostan et al. 2012).  

Interpolation methods are generally divided into two as geostatistical and deterministic methods. The main 

purpose of geostatistical methods is to predict the data at each desired point from the data of known points 

0s by the South African mining engineer Krige 

(1951) for exploration of mineral deposits, is the basic geostatistical estimation method that has a great use 

in earth and atmospheric sciences today.   The basis of geostatistical studies is determining the experimental 

Deterministic interpolation techniques are used to create a surface using the existing form of sample points 

or to fit a mathematical function to the measured points. 
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There are many geostatistical interpolation methods in the literature. The most widely used of these and 

using past meteorological data is simple kriging, ordinary kriging. There are also Cokriging or universal 

kriging methods that make inferences using topgraphic and geographic data. Empirical Bayesian Kriging 

method is one of the most effective methods developed recently. Many documents use geo-statistics to 

interpolate climatic data (e.g. Bigg 1991, Phillips et al. 1992, Bacchi and Kottegoda 1995), with varied 

results. Various kriging and thin-plate spline methods are used to predict the monthly maximum tempera-

ture and monthly mean precipitation in the Jalisco State of Mexico. As a result of the study, it was deter-

mined that the trivariate regression-kriging and trivariate thin-plate splines method showed the best per-

formance (Boer et. Al 2001). Vicente-Serrano et al. (2003) applied various interpolation methods (global 

interpolators, local interpolators, geostatistical methods and mixed methods) to obtain the spatial distribu-

tion of annual precipitation and temperature data in the study. Ordinary and Bayesian kriging techniques 

were used to illustrate the spatial and temporal variability of annual rainfall in arid and semi-arid areas of 

northwestern India (Gupta et al. 2017). Hadi and Tombul (2018) are used Eight spatial interpolation met-

hods (geostatistical and deterministic) for interpolating rainfall and temperature in the Seyhan Basin, Tur-

pical Rainfall Measuring Mission) satellite precipitation product 3B43 and Co-Kriging (CK), a geostatis-

tical method using altitude as a covariate. 

PURPOSE of STUDY  

It is aimed to determine the spatial distribution of annual average precipitation by using 5 different geos-

tatistical interpolation methods and thus to produce information that can be used in meteorological and 

hydrological studies, design, and planning of water resources in the region. Simple Kriging, Universal 

Kriging, Ordinary Kriging,  Ordinary CoKriging, Empirical Bayesian Kriging methods were used to map 

rainfall data. Performance evaluation of the methods was made according to the RMSE values obtained by 

cross-validation testing. 

SCOPE of the STUDY 

In this study, 21 precipitation observation stations with a regular database of at least 30 years, which are 

located within or in the vicinity of the Euphrates Basin, were selected. The spatial distribution of precipi-

tation in the Euphrates Basin was mapped using the point precipitation values at these stations. The most 

commonly used 5-difference kriging method was used to obtain maps. 

METHOD 

Geostatistical Interpolation 

Geostatistical interpolation techniques (kriging) use the variogram model called the spatial dependency 

structure. It quantifies the spatial or spatial correlation depending on the distance between sampling points 

and takes into account the spatial configuration of the sampling points around the prediction points (Isaaks 

and Srivastava, 1989). 
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Ordinary Kriging (OK)

Ordinary kriging (OK) is a linear weighted average technique that is not biased to the predicted value of 

errors. It is widely used to locate the unbiased linear estimate of a stationary random field with an unknown 

constant mean and expressed as follows:

where, kriging estimate at location x0; Z (xi) is sampled value at xi; and ki is weighing factor asso-

ciated with Z (xi). The weightings are summed up as one, so the predictor provides an unbiased estimate 

(Adhikary and Dash, 2017).

Universal Kriging (UK)

Universal kriging is a method used when the data has a strong trend and the trend can be modeled with 

simple functions.  Universal kriging should also be used when the dependent variable does not meet the 

second-order stationarity criterion required for kriging.  Second-order stationarity means that mean and 

variance are the same in the entire field, and the correlation between any two observations depends only 

on relative positions in space (Kis, 2016). UK equation is expressed as follows:

where, is the variable of interest, is some deterministic function and is a random va-

riation. The symbol x0 simply indicates the location. 

Simple Kriging (SK)

The simple kriging method is based on the area distribution principle based on the main covariance func-

tion. The general equation is expressed as shown in the following equation by modification of the kriging 

estimation equation (Li and Heap, 2008). SK equation is expressed as follows:

                                                                          

as used. N: the sampled 

i: are the kriging weight coefficients. Simple kriging is used to 

estimate residues from this reference value and is therefore sometimes referred to as "known averaging 

kriging" (Wackernagel, 2003).

Co-Kriging (CK)
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Unlike the Kriging method (univariate estimation) in which estimates based on only one variable are made, 

in the Co-Kriging approach, a second variable is additionally used (Sarangi et al. 2005). In the Co-Kriging 

method applied in this study, the elevations of meteorology stations were used as secondary variables to-

gether with precipitation values.

Empirical Bayesian Kriging (EBK)

Empirical Bayesian Kriging (EBK) differs from other Kriging methods because EBK uses multiple semi-

variograms while the other methods use only one. Therefore, local changes can be modeled better by using 

EBK (Krivoruchko, 2012)

Cross-Validation

Cross validity test is one of the most widely used methods to evaluate model accuracy. In this approach, 

one point is excluded from the sample data, while the other points are used to estimate the value of the left 

point. This process goes on until a value for each of the original data points is estimated (Isaaks and Sri-

vastava, 1989).

Model Performance

In this study, various kriging models were compared using RMSE values to determine prediction accuracy. 

Accurate predictions have RMSE values close to zero. These measurements may be calculated with the 

following formulas:

RMSE=

where Oi and Ei are the observed and estimated values.

RESULTS

In this study, the spatial distribution of annual average precipitation in the Euphrates basin has been map-

ped using Ordinary Kriging, Simple Kriging, Universal Kriging, Ordinary CoKriging, Empirical Bayesian 

Kriging methods. A cross validity test was used to select the parameters of the models used and to compare 

the models. As a result of the cross-validation test, the model that gives the smallest root mean square error 

(RMSE) value was selected as the most appropriate model. The empirical Bayesian Kriging method was 

found to be the most effective interpolation method for precipitation prediction when the model perfor-

mances were compared (Table 1).
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Table 1. Interpolation Parameters Used in Estimating Annual Average Precipitation 

 Kriging 

 Ordi-

nary 

Kriging 

Simple Kri-

ging 

Universal 

Kriging 

Ordinary 

CoKriging 

*Empirical Ba-

yesian Kriging 

Transform Log Box-cox  Log - Log emprical 

Trend removal - Second-order - Second-order - 

Kernel function - Epanechni-

kov 

Epanechni-

kov 

Constant - 

Semi-variogram J-Bessel Exponential J-Bessel Rational quad-

ratic 

K- Bessel detren-

ded 

Sector type - 4 Sector with 

450 offset 

1 Sector 4 Sector with 

450 offset 

- 

Neighborhood 

Type 

Smooth Standard Standard Standard Smooth Circular 

RMSE 147,81 185,4 150,84 158,92 142,58 

Note: The * sign refers to the most appropriate method. 

It is vital to choose the most appropriate interpolation method and parameters used in estimating the annual 

average precipitation. Parameters such as transformation type, trend state, kernel function, semi-variogram 

graph, and neighborhood state of various kriging models were tested by trial and error. The parameters 

giving the smallest error rate at the end of the test are used in the interpolation method (Table 1). 
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Figure 1. Spatial Distribution of the Annual Average Precipitation By Using Empirical Bayesian 

Kriging 

In Figure 1, it is seen that the annual average precipitation mapped according to the Empirical Bayesian 

Kriging method increases from the north to the south of the basin. When the amount of rainfall in the basin 

is examined, the average precipitation height in the north of the basin is between 379 - 435 mm and 716 - 

772 mm in the south. 

 

Figure 2. Spatial Distribution of the Annual Average Precipitation By Using Ordinary Kriging 
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When the map obtained according to the Ordinary Kriging and Universal Kriging method are examined in 

Figure 2-3, it is seen that the annual average precipitation is the lowest in the northwest and northeast of 

the basin. 

 

Figure 3. Spatial Distribution of the Annual Average Precipitation By Using Universal Kriging 

 

Figure 4. Spatial Distribution of the Annual Average Precipitation By Using Simple Kriging 

When the map obtained according to the Simple Kriging and Co-Kriging method in Figure 4-5 are exami-

ned, it is seen that the annual average precipitation is at the lowest value in the edge of the basin, while the 

amount of precipitation increases towards the middle parts. 
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Figure 5. Spatial Distribution of the Annual Average Precipitation By Using Co-Kriging 

Accurate mapping of the spatial distribution of annual rainfall is important for a wide range of applications 

in hydrology, climatology, ecology, and other environmental sciences. Pardo-

geostatistics for precipitation prediction in mountainous terrain, achieved the best results using universal 

kriging with external drift. Vicente-Serrano et al. (2003) Deterministic, geostatistical and mixed interpola-

tion methods have been used in mapping precipitation. The best results were achieved using geostatistical 

methods and a regression model. The fact that the previous studies state that the kriging method is one of 

the most effective methods supports our study. 

CONCLUSIONS 

This paper presents a comparison of geostatistical kriging interpolation methods to predict annual precipi-

tation in the Euphrates Basin. The cross-validation measures were used to compare various interpolation 

methods. Some of the results obtained as a result of the study are not listed as follows. 

 Ordinary Kriging and Universal Kriging methods predict quite similar precipitation maps. 

 Simple Kriging and Co-Kriging methods estimate similar precipitation maps. 

 It was concluded that the most effective precipitation map was the Empirical Bayesian Kriging met-

hod, which has the smallest root mean squared error (RMSE) values. 

 The stations with the least amount of precipitation in the Basin were determined as Zara, Kangal, 

 

 Determining the spatial pattern of precipitation is significant in terms of its use in agricultural irriga-

tion, hydroelectric power generation, soil moisture, groundwater, and construction of water structures. 
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edilen 

1 ve c2: elipsin oda 1: c1 2: c2

     

(a) (b) (c)

43, (c) Silindirden elde edilen elips44.

-

                                                           
43 https://en.wikipedia.org/wiki/Ellipse
44 https://www.pngwing.com/tr/free-png-mlylq

a

b

c1 c2

r1 r2
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-a
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Biyel M Elde Edilen Elips45.

                 

c1 1

me 1 1 uzun-

analitik Olarak evresini Hesaplama.

                                                           
45 https://en.wikipedia.org/wiki/Ellipse
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Bu durumda analitik olarak elipsi

BULGULAR

Hesaplama Y Program.

K Y O

1. 2. 3.

a (mm) b (mm) a / b a (mm) b (mm) a / b a (mm) b (mm) a / b

30 25 1,2 29 14 2,071 52 36 1,444
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Elde Edilen L D  

 

le Elde Edilen L D  

 

-4  
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Tablo 2. a = 30, b = 25 Hesaplanan ve Bilgisayar Destekli Ortamdan A D  

Hassasi-

yet (rad)  

(mm) 

Krank  Biyel 

 

Ramanu-

jan (mm) 

Catia V5 

(mm) 

MATLAB 

(mm) 

0,1 174,590414 174,590414 170,972219 173,139673 173,144780 173,144779 

0,01 173,369162 173,369162 173,064394 

0,001 173,155698 173,155698 173,115136 

0,0001 173,144977 173,144977 173,140147 

   

 
-3 isayar destekli ortamdan elde edilen L de-

-5  

Tablo 3. a = 29, b = 14 Hesaplanan ve Bilgisayar Destekli Ortamdan A D  

Hassasi-

yet (rad)  

(mm) 

Krank  Biyel 

 

Ramanu-

jan (mm) 

Catia V5 

(mm) 

MATLAB 

(mm) 

0,1 139,261745 139,261745 137,985784 139,226274 139,230380 139,230380 

0,01 139,287046 139,287046 139,185172 

0,001 139,233277 139,233277 139,213775 

0,0001 139,230433 139,230433 139,227786 

 

-3 birbirine 
-4  

Tablo 4. a = 52, b = 36 Hesaplanan ve Bilgisayar Destekli Ortamdan A D  

Hassasiyet 

(rad)   

Krank  Biyel 

 

Ramanujan 

(mm) 

Catia V5 

(mm) 

MATLAB 

(mm) 

0,1 280,119310 280,119310 275,601110 278,741487 278,749708 278,749708 

0,01 278,989906 278,989906 278,633818 

0,001 278,761470 278,761470 278,707018 

0,0001 278,749920 278,749920 278,743037 
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