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Abstract 
 

Artificial neural network (ANN) method was applied for modeling and prediction of mean solar radiation 

in given atmospheric parameters (temperature, pressure, humidity, precipitable water and month) in 

Turkey (26–45ºE and 36–42ºN) during the period of 2004–2006. Levenberg-Marquardt (LM) learning 

algorithms and logistic sigmoid transfer function were used in the network. In order to train the network, 

meteorological measurements taken by the Turkish State Meteorological Service (TSMS) and Wyoming 

University for the period from 2004 to 2006 from five stations (Adana, Ankara,  İstanbul, İzmir, Samsun) 

distributed in Turkey were used as training and testing data. Data from years 2004 and 2005 were used for 

training, while the year 2006 was used for testing and validating the model. Solar radiation is the output.  
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Yapay Sinir Ağları ile Atmosferik Parametreler Kullanılarak Türkiye için Güneş 

Radyasyonu Modellemesi 

 

Öz 
 

Yapay sinir ağları (YSA) yöntemi, Türkiye’de (26-45ºE ve 36-42ºN) 2004-2006 dönemlerinde atmosferik 

parametreler olarak verilen (sıcaklık, basınç, nem, yoğuşmaya geçebilecek su miktarı ve ay) verileri 

kullanarak ortalama güneş radyasyonun tahmini ve modellenmesi için uygulanmıştır. Levenberg-

Marquardt (LM) öğrenme algoritmaları ve logistic sigmoid transfer fonksiyonu ağ içinde kullanılmıştır. 

Ağı eğitmek amacıyla, Türk Devlet Meteoroloji İşleri Genel Müdürlüğü (DMİ) ve Wyoming Üniversitesi 

tarafından 2004'den 2006’ye kadar Türkiye'deki beş istasyon (Adana, Ankara, İstanbul, İzmir, Samsun) 

için alınan meteorolojik ölçümler değerleri eğitim ve test verileri olarak kullanılmıştır. 2004- 2005 yılı 

verileri eğitim için, 2006 yılı verileri ise test verilerini doğrulamak için kullanılmıştır. Güneş radyasyonu 

elde edilmiştir.  

 

Anahtar Kelimeler: Güneş radyasyonu, Atmosferik parametreler, Yapay sinir ağı, Meteoroloji, Türkiye 
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1. INTRODUCTION 
 

Atmospheric parameters has been mainly 

measured by radiosondes (Radiosond is a complex 

device that has been especially designed to 

estimate several atmospheric parameters  such as 

pressure, temperature, relative humidity, wind 

direction and speed) over and in the atmosphere. 

However on land, these instruments offer limited 

opportunities for spatial overage and continually 

measurements of atmospheric parameters [1]. The 

amount of solar radiation plays an important role 

in the design and analysis of energy efficient 

buildings in different climates. In cold and severe 

cold regions, passive solar designs and active solar 

heating systems will help lower the reliance on 

conventional fossil heating means using fossil 

fuels [2]. Energy is essential to the economic and 

social development and improved quality of life in 

a country. Due to limited energy resources Turkey 

has been importing energy and more than half of 

the energy requirement is supplied by imports [3]. 

Therefore, the solar energy is being seriously 

considered for satisfying a significant part of 

energy demand in Turkey, as is in the world [4]. 

Solar energy potential is quite high in Turkey. The 

yearly average solar radiation is about 3.6 kW 

h/m
2
 days, and the total yearly radiation period is 

about 2610 h [5]. In recent years, many individual 

studies have been carried out for solar 

measurements at different locations in Turkey [4] 

and in other countries e.g., in Saudi Arabia [6,7], 

in Spain [8,9]. However, they were not been 

complete to cover large areas because of 

insufficient number of measuring stations [10]. 

Therefore, predictions about solar radiations at 

specific locations are still useful for many practical 

purposes. Several studies have been presented [11, 

12] for the prediction of solar radiation in various 

cities and locations in Turkey. Solar radiation 

intercepted at the earth’s surface is of paramount 

importance for various applications, such as in the 

infrastructure and construction industry, estimation 

of crop productivity, environmental and 

agrometeorological research, atmospheric physics 

and the practical utilization of renewable energy 

resources [13]. 

It is clear from many studies that usage of ANN 

method is suitable and applicable for estimating 

global solar radiation especially for regions where 

very large distances exist between meteorological 

stations and also having abundant solar energy [14, 

15]. Atmospheric parameter scan be used as input 

data for ANN method for predicting solar 

radiation. For some regions due to geography or 

cost problems atmospheric parameters are rarely 

available. For this case given atmospheric 

parameters may be useful and may be used for the 

solar radiation estimation models.  In the present 

work we tried to use to given atmospheric 

parameters as an input for the ANN method to 

estimate the solar radiation at ground level and see 

the results of this approach. Also, some other 

models or techniques (semi-empirical, physical, 

statistical, wavelets, fractals, etc) have been used 

for estimating solar radiation [14] using air 

temperature, precipitation, relative humidity and 

cloudiness data [16,17].  

 
We expect that results of this study give an idea 

about solar radiation potential in Turkey because 

five stations (Adana, Ankara, İstanbul, İzmir, 

Samsun) are selected in such a way that they 

represent different climatic conditions (see Figure 

1). The geographical locations of these stations are 

given in Tab.1. Then, Artificial Neural Network 

(ANN), known as Levenberg-Marquardt (LM) is 

used to estimate solar radiation using atmospheric 

parameters.  

 

 
Figure 1. Solar radiation and atmospheric 

parameters measuring stations in Turkey 
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Table 1. Geographical parameters for the stations 

Stations Latitude 

(°N) 

Longitude 

(°E) 

Altitude 

(m) 

Adana 

Ankara 

İstanbul 

İzmir 

Samsun 

36.59 

39.57 

41.01 

38.26 

41.17 

35.21 

32.53 

28.59 

27.10 

36.18 

27 

891 

0 

29 

4 

 

2. ARTIFICIAL NEURAL NETWORKS  

 
Artificial neural networks (ANNs) are information 

processing systems that are non-algorithmic, non-

digital and intensely parallel [18].  ANNs have 

broad applications in many fields such as 

mathematics, engineering, medicine, economics, 

meteorology, psychology, and neurology. This 

method learns from given examples by 

constructing an input–output mapping in order to 

achieve estimations [19]. This clearly implies that, 

input data and corresponding output values are 

required to train and test a neural network [20]. 

Therefore, the network usually consists of an input 

layer, some hidden layers, and an output layer 

[21]. The model used in this study is briefly 

explained below. 

 

The fundamental element of a neural network is a 

neuron. Each neuron computes a weighted sum of 

its p input signals, yi, for i=0,1,2,…,n, hidden 

layers, wij and then applies a nonlinear activation 

function to produce an output signals uj. The 

model of a neuron is shown in Figure 2. 

 

 
Figure 2. Nonlinear model of a neuron [22] 

A neuron j can be described with the following 

pair of equations [22]: 
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The use of threshold θ has the effect of applying an 

affine transformation to the output of the linear 

combiner in the model of Fig. 2 [22,23]. 

 

The sigmoid logistic nonlinear function can be 

defined by the following equation [24, 25]: 

 

xe
x




1

1
)(                       (3) 

 

ANN was used for modeling solar radiation in 

Turkey. This network consists of an input layer, 

single hidden layers and an output layer. Latitude, 

longitude, altitude, month and satellite-estimated 

sunshine duration were used as input layers in 

order to get output as the solar radiation. The 

algorithm used in the study is Levenberg-

Marquardt (LM). Logistic sigmoid transfer 

function (logsig) and linear transfer function 

(purelin) were used in the hidden layers and output 

layer of the network as an activation function. 

 

MATLAB software has been used to train and test 

the ANN on a personal computer. For the training, 

ten neurons are used in a single hidden layer. The 

selected ANN structure is given in Figure 3. For 

the period from 2004 to 2006 from five stations 

(Adana, Ankara, İstanbul, İzmir, Samsun), Data 

from 2004-2005 years are used for training and 

data from 2006 year are used for testing. 
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Figure 3. ANN architecture used for five neurons 

in a single hidden layer 

 
3. RESULTS AND DISCUSSIONS 

 
An ANN consisting of an input layer, several 

hidden layers and an output layer was used for 

computation of the solar radiation all over Turkey. 

MATLAB which is a commonly used software 

system was administered to train and test the ANN 

on a personal computer. The algorithm used in the 

study was Levenberg-Marquardt (LM)  descripted 

by Logistic sigmoid transfer function (named 

‘logsig’) and linear transfer function (named 

‘purelin’) were used in the hidden layers and in the 

output layer of the network as an activation 

function. For the training, ten neurons were used in 

the hidden layer for solar radiation. Atmospheric 

parameters have influences on the intensity of 

incoming solar radiation on the Earth. Thus, 

meteorological data by the Turkish State 

Meteorological Service (TSMS) and Wyoming 

University database for Turkey for the period from 

2004 to 2006 were used, first as training and later 

as testing data to train the neural network. Data set 

for two years in 2004-2005 were used for training 

the network, while another set for (one year, 2006) 

were used for testing and validating the LM model.  

Solar radiations over Turkey were determined 

using the ANN model shown in Figure 3. with the 

value of the monthly mean daily sum of 

atmospheric parameters.  In the case of monthly 

mean daily sum correlation coefficient was found 

to be 98.50% (Figure 4), 95.99% (Figure 5) for 

solar radiation values (training and testing). 

The performance values for all stations, such as 

MBE (Mean Bias Error) and RMSE Root Mean 

Square Error for training, testing values are given 

in Table 2. The performance values for all stations, 

such as MBE (Mean Bias Error) and RMSE for 

training and testing solar radiation values are given 

in Table 2. The maximum MBE was found to be 

0.5111 values, while the minimum MBE was 

found as -0.8113 values. The RMSE values of 

solar radiation, ranging from 0.3633 to 2.4002% 

differ from the actual value for all stations. The 

maximum RMSE was found to be 2.4002% for 

Adana station in the testing values, while the best 

result was found to be 0.3633% for İzmir station in 

the training values. Moreover, another significant 

point in this table, the performance values of the 

training by method are generally better than the 

performance values of the testing Figure 6 shows a 

comparison between measured, ANN values for 

the five stations (training and testing stations) [25]. 

 

Table 2. Error values of the solar radiation method 

approach 

 

Stations 

Training Testing 

MBE RMSE MBE RMSE 

Adana 0.2588 1.2681 -0.6929 2.4002 

İstanbul 0.5111 2.5032 0.4551 1.5765 

İzmir -0.0742 0.3633 -0.8183 2.3348 

Samsun -0.0859 0.4202 -0.2096 0.7260 

Ankara 0.2290 1.1220 -0.3780 1.3095 

 
The results of own study confirms the ability of 

ANN method to predict solar radiation values at 

every pixels of the study area, throughout Turkey. 

In addition, some meteorological atmospheric 

parameters observations are held on large TSMS 

climate stations, having minimal 250 km distance 

from each other. Small scale climate stations were 

unable to make some meteorological atmospheric 

parameters observation. Using ANN, solar 

radiation values can be calculated for each such 

station [25].  



Ozan ŞENKAL 

Ç.Ü.Müh.Mim.Fak.Dergisi, 31(2), Aralık 2016   183 

 
Figure 4. Comparison of monthly mean daily sum 

measured and estimated concerning 

training during the study period for solar 

radiation 

 

 
Figure 5. Comparison of monthly mean daily sum 

measured and estimated concerning 

testing during the study period for solar 

radiation 

 

 

 

 

 
Figure 6. Comparison between measured and 

estimated monthly mean daily global 

solar radiation for 2006 
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4. CONCLUSION 

 
Estimation of solar radiation on a surface at ground 

level and construction of solar radiation database is 

very useful for solar energy, engineering, 

environmental, agricultural and some other 

applications. Studies have shown that use of ANN 

for these purposes is really cheap and effective. In 

the present study ANN were used to predict to 

global solar radiation in Turkey by using 

atmospheric parameters. In order to train the neural 

network, 5 cities spread over Turkey were used as 

training (2004-2005) and testing (2006) data. 

Results of these 5 locations show a relatively good 

agreement between the measured and the predicted 

values for the all months. In fact, ANN needs 

Meteorological data to estimate the monthly mean 

daily sum at ground level. But it has been shown 

that using atmospheric parameters may help to 

increase the accuracy of the estimation. And model 

used here can be especially applied to areas, where 

reliable atmospheric parameters do not exist or the 

distances between the stations are very large. 

Therefore, method (the ANN technique) is very 

useful and presents a less costly way than using the 

classical direct observations carried out in some 

meteorology stations in a country. ANN method 

can be used by researchers in Turkey and other 

countries.  

 

5. REFERENCES 

 
1. Cuomo, V., Tramutoli, V., Pergola, N., 

Pietrapertosa, C., Romano, F., 1997. In Place 

Merging of Satellite Based Atmospheric Water 

Vapour Measurements. International Journal of 

Remote Sensing, 18(17), 3649-3668. 

2. Lam, J,C., Yang, L., Liu, J., 2006.  

Development of Passive Design Zones in 

China Using Bioclimatic Approach. Energy 

Conversion and Management,  47(6), 746–762. 

3. Kaygusuz, K., Sarı, A., 2003. Renewable 

Energy Potential and Utilization in Turkey. 

Energy Conversion and Management, 44(3), 

459-478. 

4. Kaygusuz, K., Ayhan, T., 1999. Analysis of 

Solar Radiation Data for Trabzon, Turkey. 

Energy Conversion and Management, 40(5), 

545-556. 

5. Tymvios, F.S., Jacovides, C.P., Michaelieds, 

S.C., Scouteli, C., 2005. Comparative study of 

Angström’s and Artificial Neural Networks 

Methodologies in Estimating Global Solar 

Radiation. Solar Energy, 78, 752-762. 

6. Mohandes, M., Rehman, S., Halawani, T.O., 

1998. Estimation of Global Solar Radiation 

Using Artificial Neural Networks. Renewable 

Energy, 14(1-4), 179-184. 

7. Mohandes, M., Balghonaim, A., Kassas, M., 

Rehman, S., Halawani, T.O., 2000. Use of 

Radial Basis Functions for Estimating Monthly 

Mean Daily Solar Radiation. Solar Energy,  

68(2), 161-168. 

8. Lopez, G., Rubio, M.A., Martinez, M., Batlles, 

F.J., 2001. Estimation of Hourly Global 

Photosynthetically Active Radiation Using 

Artificial Neural Network Models. Agricultural 

and Forest Meteorology, 107(4), 279-291. 

9. Hontoria, L., Aguilera, J., Zuria, P., 2005. An 

Application of the Multilayer Perception: Solar 

Radiation Maps in Spain. Solar Energy, 79(5), 

523–530. 

10. Bulut, H., 2004. Typical Solar Radiation Year 

for Southeastern Anatolia. Renewable Energy, 

29, 1477-1488. 

11. Şaylan, L., Şen, O., Toros, H., Arısoy, A., 

2003. Solar Energy Potential for Heating 

Cooling Systems in Big Cities of Turkey. 

Energy Conversion and Management, 43, 

1829-1837. 

12. Dinçer, I., Dilmaç, S., Ture, I.E., Edin, M., 

1996. A Simple Technique for Estimating 

Solar Radiation Parameters and its Application 

for Gebze. Energy Conversion and 

Management, 37(2), 183-198. 

13. Tymvios, F.S., Jacovides, C.P., Michaelieds, 

S.C., Scouteli, C., 2005.  Comparative Study of 

Angström’s and Artificial Neural Networks 

Methodologies in Estimating Global Solar 

Radiation. Solar Energy, 78, 752-762. 

14. Joseph, C.L., Kevin, K.W.W., Liu, Y., 2008. 

Solar Radiation Modelling Using ANNs for 

Different Climates in China. Energy 

Conversion and Management, 49(5): 1080-

1090. 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V2P-4R5H1GR-1&_user=10&_coverDate=05%2F31%2F2008&_alid=723405864&_rdoc=3&_fmt=high&_orig=search&_cdi=5708&_sort=d&_docanchor=&view=c&_ct=75&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=1a3324e7c957c3aad2f0cff58f4b35bc
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V2P-4R5H1GR-1&_user=10&_coverDate=05%2F31%2F2008&_alid=723405864&_rdoc=3&_fmt=high&_orig=search&_cdi=5708&_sort=d&_docanchor=&view=c&_ct=75&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=1a3324e7c957c3aad2f0cff58f4b35bc


Ozan ŞENKAL 

Ç.Ü.Müh.Mim.Fak.Dergisi, 31(2), Aralık 2016   185 

15. Lopez,  G.,  Rubio,  M.A., Martinez,  M., 

Batlles, F.J., 2001. Estimation of Hourly 

Global Photosynthetically Active Radiation 

Using Artificial Neural Network Models. 

Agricultural and Forest Meteorology, 07: 279-

291. 

16. Thornton, P.E., Steven, W.R., 1999. An 

Improved Algorithm for Estimating Incident 

Daily Solar Radiation from Measurements of 

Temperature, Humidity, and Precipitation.  

Agricultural and Forest Meteorology, 93: 211-

228. 

17. Ehnberg, J.S.G., Bollen M.H.J., 2005. 

Simulation of Global Solar Radiation Based on 

Cloud Observations. Solar Energy, 78:157-162. 

18. Dinçer, I., Dilmaç Ş., Ture, I.E., Edin, M., 

1996. A Simple Technique for Estimating 

Solar Radiation Parameters and its Application 

for Gebze. Energy Conversion and 

Management, 37(2):183–98. 

19.  Mohandes, M.A., Halawani, T.O., 2004.  

Rehman S, Hussain AA. Support Vector 

Machines for Wind Speed Prediction. 

Renewable Energy, 29:939–947. 

20. Çam, E., Arcaklıoğlu, E., Çavusoğlu, A., 

Akbıyık, B., 2005. A Classification Mechanism 

for Determining Average Wind Speed and 

Power in Several Regions of Turkey Using 

Artificial Neural Networks. Renewable Energy, 

30:227–239. 

21. Kalogirou, S.A., 2000. Applications of 

Artificial Neural-Networks for Energy 

Systems. Applied Energy, 67:17–35. 

22.  Haykin, S., 1994. Neural Networks, a 

Comprehensive Foundation. New Jersey: 

Prentice-Hall. 

23. Melesse, A.M., Hanley, R.S., 2005. Artificial 

Neural Network Application for Multi-

Ecosystem Carbon Flux Simulation. Ecological 

Model, 189:305–14. 

24.  Mehmet, B., Besir, Ş., Abdulkadir, Y., 2007. 

Application of Artificial Neural Networks for 

the Wind Speed Prediction of Target Station 

Using Reference Stations Data. Renewable 

Energy, 32:2350-2360. 

25. Şenkal, O., 2015. Solar Radiation and 

Precipitable Water Modeling for Turkey Using 

Artificial Neural Networks. Meteorology and 

Atmospheric Physics, vol. 127(4) 481-488. 

  



Solar Radiation Modeling for Turkey Using Atmospheric Parameters with Artificial Neural Networks 

186   Ç.Ü.Müh.Mim.Fak.Dergisi, 31(2), Aralık 2016  

 

 


