
ADVANCES in NATURAL and APPLIED SCIENCES 

 
ISSN: 1995-0772                                                                                                                                                          Published BY AENSI  Publication 
EISSN: 1998-1090                                                                                                                                                           http://www.aensiweb.com/ANAS    

2016 April 10(4): pages 379-389                                                                                                                              Open Access Journal                                                                                                    

To Cite This Article: M. Elsayed Youssef, Gasser E. Hassan, ZahraaE. Mohamed, 1Mohamed A. Ali., Investigatingthe 
performance of different models in estimating global solar radiation. Advances in Natural and Applied Sciences. 10(4); Pages: 
379-389 

 

Investigating the performance of different 

models in estimating global solar radiation 

 
1M. Elsayed Youssef, 1,2,3Gasser E. Hassan, 4ZahraaE. Mohamed, 1Mohamed A. Ali 
 

1Computer Based Engineering Applications Dept., Informatics Research Institute, City for Scientific Research and Technological 

Applications (SRTA-CITY), New Borg El-Arab city 21934, Alexandria, Egypt. 
2Energy and Resources Research Institute, University of Leeds, LS2 9JT Leeds, UK; 
3Mechanical Engineering Department, College of Engineering and Technology Arab Academy for Science, Technology and Maritime 

Transport, Alexandria, Egypt. 
4Mathematics Department, Faculty of Science, Zagazig University, Zagazig, Egypt. 
 
Received 25 January 2016; Accepted 28 March 2016; Available 10 April 2016 

 
Address For Correspondence: 
Gasser E. Hassan, Computer Based Engineering Applications Dept., Informatics Research Institute, City for Scientific Research and 
Technological Applications (SRTA-CITY), New Borg El-Arab city 21934, Alexandria, Egypt. 
E-mail: gasser_hassan@yahoo.com  

 

Copyright © 2016 by authors and American-Eurasian Network for Scientific Information (AENSI Publication). 

This work is licensed under the Creative Commons Attribution International License (CC BY). 
http://creativecommons.org/licenses/by/4.0/ 

 

 

 

ABSTRACT 
An accurate knowledge of solar radiation considers the first step in solar energy availability assessment, also it is the primary 
input for various solar energy applications. In this regard, due to the lack of the solar radiation measurements, several models 
around the world have been proposed for estimating solar radiation. Generally, sunshine duration is the most common parameter 

used for estimating global solar radiation. Although, sunshine based models can’t be apply at several locations, due to the 
unavailability of sunshine. Accordingly, this study aims to investigate the performance of 31 non-sunshine based models in 
estimating the monthly average of daily global solar radiation on a horizontal surface. For achieving this, over than 20 years of 
measured global solar radiation data in the location of the study (Latitude 30˚ 51 ̀ N and longitude 29˚ 34 ̀ E) are utilized for 
establishing and validating the models. The models are divided into six categories;  (1) Only function of temperature; (2) Only 
function of cloud cover; (3) Only function of relative humidity; (4) Function of extraterrestrial solar radiation and solar declination 

angle; (5) Function of temperature and cloud cover; (6) Function of temperature and relative humidity. The mostly common 
statistical indicators are used to differentiate between the performances of these models and to identify the best model. The best 
model for every category is distinguished as well as the most accurate models among all models recognized. According to the 
results, some models are completely improper for applying in the region of the study, and other differ in the performance of 
prediction. Besides, InciTürk Toğrul model and Can Ertekin model (Eq. 19 and 18) which based on extraterrestrial radiation and 
solar declination showed the best performance, with excellent coefficient of determination values (�� ≥ 0.99). Therefore, 
InciTürkToğrul model and Can Ertekin model are the recommended models for estimating monthly average daily global solar 

radiation on a horizontal surface. 
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INTRODUCTION 
 

Due to the increasing use of fossil fuels a long with increasing costs, and the environmental pollution 
induced by gas emissions such as carbon dioxide, a growing interest in renewable energies sources especially 
solar energy has been showed[1]. In solar energy studies, the accurate knowledge of solar radiation considers 
the first step in the assessment of solar energy availability[2]. As well, solar radiation is considered to be the 
primary input for different solar energy applications[3]. Due to the high cost of measuring devices and their 
calibration and maintenance[4], various solar radiation models are introduced for evaluating solar radiation. 
Several studies are executed in order to develop models for predicting global solar radiation such as using 
artificial neural network[5], geographical data[6] and meteorological data[7,8]. Aͦ ngström[9]introduced the 
primary correlation for evaluating global solar radiation using sunshine duration ratio. Aͦ ngström correlation is 
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modified by Prescott [10], and it is widely employed for estimating global solar radiation around the 
world[11,12]. Many studies are performed to investigate the applicability of different solar models for a specific 
location or various locations around the world. For example, Besharat et al. [13] reviewed different empirical 
models for estimating global solar radiation and introduced case study for Yazd city in Iran. Similarly, Ajayi et 
al. [14]developed a new model for calculating daily global solar radiation over Nigeria. Khalil and Shaffe 
presented a comparative study of total, direct and diffuse solar radiation by using different models on a 
horizontal and inclined surfaces for Cairo, Egypt [15]. El-Metwally [16] suggested three simple new models 
based on meteorological data for calculating global solar radiation on a horizontal surfaces in Egypt. The 
obtained results showed that the performance of models significantly better than Supit-Van Kappel model [17] 
and smaller differences with Aͦ ngström-Prescott model [10]. A study of introducing best model for predicting 
the monthly average daily global solar radiation on a horizontal surface for six Algerian cities is carried out by 
Mecibah et al. [18]. Khorasanizadeh and Mohammadi [19] introduced the most accurate model for estimating 
the monthly average global solar radiation over six major cities of Iran. Al-Mostafa et al. [20] reported the 
performance of 52 sunshine-based models in estimation the monthly average global solar radiation on horizontal 
surfaces in Jouf, Saudi Arabia. Results showed that some models are totally unsuitable for using in this region, 
and others vary in performance. Indeed, sunshine duration is the most common parameter used for estimating 
global solar radiation, this return to the sunshine based models generally have the more accurate estimation 
[20,21].However, sunshine based models can’t be applied at many locations where sunshine duration is 
unavailable[22,23]. 

Therefore, the main objective of this work is to study the performance of 31 solar models not based on 
sunshine duration in predicting the monthly average daily global solar radiation on a horizontal surface at 
specific site. To achieve this, the measured global solar radiation data at the study location (Lat. 30˚ 51 ̀ N and 
long. 29˚ 34 ̀ E) as a case study are utilized for establishing and validating the selected models. The models are 
established and classified into six categories: (1) Only function of temperature; (2) Only function of cloud 
cover; (3) Only function of relative humidity; (4) Function of extraterrestrial solar radiation as well as solar 
declination angle; (5) Function of temperature and cloud cover; (6) Function of temperature and relative 
humidity. The predicted values of monthly average daily global solar radiation are compared with the measured 
data. Moreover, the statistical indicators, namely, root mean square error (RMSE), mean absolute percentage 
error (MAPE), mean absolute bias error (MABE), correlation coefficient (
) and coefficient of determination 
(R2)are calculated in order to evaluate the performance of the models[24,25]. Based on the results of the 
validation process with experimental data, the most accurate model for every category is recognized, as well the 
best model among all examined models. 
 
Models: 
Global solar radiation models: 

31 models are collected and divided into six categories according to model’s input as: 
 
Category (1): Air temperature-based models: 

In this category, the global solar radiation models are only function of temperature, as: 
Model 1[26]: � �� = � (1 + 2.7 × 10�� �) ∆��.� (1) 

Model2[27]: � �� = � ∆��.� (2) 

Model 3[19]: � �� = � ∆�� (3) 

Model 4[28]: � �� = � ∆��.� + � (4) 

Model 5[28]: � �� = � ��(∆�) + � (5) 

Model 6[29]: � �� = � ∆��.��� + � (6) 

Model 7[30]: � �� = � + � ��� + ! ��"# (7) 

Model 8[31]: � = � + � �� + ! � (8) 

Model 9[32]: � �� = � $1 − exp(−� ∆�))* (9) 
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Model 10[33]: � �� = � +1 − exp(−� ∆,-
./

)0 (10) 

Model 11[34]: � �� = (� + � ∆� + ! ∆��) ∆��.� (11) 

Model 12[34]: � �� = (� + � �)∆��.� + ! (12) 

Category (2): Cloud-based models: 
In this category, the global solar radiation models are only function of cloud cover, as: 

Model13[35]: � �� = � + � 12 (13) 

Model 14[35]: � �� = � + � 12 + ! 12� (14) 

Model 15[35]: � �� = � + � 12 + ! 12� +  3 124 (15) 

Category (3): Relative humidity-based models: 
In this category, the global solar radiation models are only function of relative humidity; 

Model16[36]: � = �  �5� (16) 

Model17 [36]: � = � exp( � �5)) (17) 

Category (4): Extraterrestrial radiation and solar declination-based models: 
In this category, the global solar radiation models are a function of extraterrestrial solar radiation and also 

solar declination angle, as: 
Model18[31]: � = � + � 6 (18) 

Model 19[37]: � = � + � sin(6) (19) 

Model 20[37]: � = � + � �� (20) 

Category (5): Air temperature and cloud-based models: 
In this category, the global solar radiation models are dependent on temperature and cloud cover as input 

parameter, as: 

Model21[38]: � �� = � + � ∆� + ! 12 (21) 

Model 22[38]: � �� = � + � ∆��.� + ! 12 (22) 

Model 23[16]: � = � �� + � ��� + ! ��"# + 3 12 + : (23) 

Model 24[16]: � = � �� + � ��� + ! ��"# + 3 12 (24) 

Model 25[16]: � = exp (� �� + � ��� + ! ��"# + 3 12 + :) (25) 

Model 26[17]: � = �� ;� ∆��.� + � <1 − 12 8 >�.�? + ! (26) 

Category (6): Air temperature and relative humidity-based models: 
In this category, the temperature and relative humidity are used as input parameter for global solar radiation 

models, as: 

Model27[38]: � �� = � + � � + ! �5 (27) 

Model 28[39]: � = (� ��� + � ��"# + ! �5) × �� + 3 (28) 

Model 29[39]: � = (� ��� + � ��"#) × �� + ! �5 + 3 (29) 

Model 30[39]: � = (� ∆��.� + � �5) × �� + ! (30) 

Model 31[28]: � = � ∆��.� × �� + � �5 + ! (31) 

Where � is the elevation above sea level (m);�, ���  , ��"#, ∆� (��� − ��"#) , �� , 12 and �5arethe 
monthly average of daily ambient, maximum, minimum, difference temperature (˚C), extraterrestrial solar 
radiation on horizontal surface (MJ/m2 day), total cloud cover during daytime observation (Octal) and relative 
humidity (%), respectively.6 is the solar declination angle (˚); a, b, c, d and e are the empirical coefficients.   
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Extraterrestrial solar radiation calculation: 
Extraterrestrial solar radiation, ��, is the solar radiation above the atmosphere and its equation given 

by[40]: 

�@ = �A ×4B�� .C-
D  E +(D F

GH�) sin(I) sin(6) + cos(I) cos(6) cos (L)0 (32) 

 
where �M) is the solar constant, equal to 1367 W/m2[15,41],f, L, Iare the eccentricity correlation factor of 

the earth’s orbit, the hour angle at sunset (˚) and the latitude of the location, successively. f, δ, L are 
definedby[42]: 

E = +1 + 0.033 cos <4B� O
4B� >0 (33) 

6 = 23.45 RS� +4B�
4B� (284 +  T)0 (34) 

L =  cos�G$− tan(I) tan (6)* (35) 

Where T refers to the number of the day of the year starting from 1st January.  
The value of monthly average maximum possible daily sunshine(day length duration with hour), R�, can be 

calculated from the hour angle, as the following[43]: 

R� = 2L 15  (36) 
 
Data and models validation: 

In this study, more than 20 years of long-term measured global solar radiation data among July 1983 and 
Jun 2005 are employed to establish the models and validate their applicability on predicting the monthly average 
daily global solar radiation on a horizontal surface. Global solar radiation data, temperature and relative 
humidity data are obtained from NASA Surface meteorology and Solar Energy web site[6,44,45].As well, the 
cloud cover data between Jan 1999 and Jun 2005 is retrieved from the weather underground website[46].The 
monthly average daily values for each parameter, as well extraterrestrial solar radiation and declination angle 
are calculated using in-house computer program that is developed using C# language[47].The activities of 
software engineering (specification, design, validation, and evolution)are utilized in the development process of 
the software. The software engineering is the discipline which is used in the development of the software 
[48,49]. 

As discussed before, the purpose of the study is to investigate the performance of different non-sunshine-
based models in estimating global solar radiation. To achieve this, the commonly statistical indicators, namely 
RMSE, MABE,MAPE,
, and R2 are calculated to evaluate the performance of the models[50].The values of 
(RMSE) give information about the short term performance of the model, its value always positive; zero 
representing the ideal case and the smaller value means a better performance of model. MABE values give 
information about the long-term model performance, positive value refers to overestimation in the estimated 
value, and the negative value refers to under estimation in the estimated value. The smaller value is the desired 
value, and refers to the better performance of model. Coefficient of determination values donates information 
about the goodness of fit for the model, its values between zero and one (0 ≤ �� ≤ 1), and the largest value is 
the desired value.  Similarly, 
valueswhich approach from unity (1) considers the desired value, and refers to 
well model performance. The acceptable range of the statistical errors are between negative and positive ten 
(±10 %)[14]. They defined as: 

�XYZ = +G
# ∑ (�",) − �",])�#"^G 0G/�

 (37) 

X`aZ = G
# ∑ b(�",)  −  �",])b#"^G  (38) 

X`cZ = G
# ∑ d(.e,- � .e,f

.e,f
) × 100d#"^G  (39) 


 = ∑ (.e,f � .fggggg)(.e,- � .-gggg)heij
k∑ (.e,f � .fggggg)lheij ∑ (.e,- � .-gggg)lheij mj/l (40) 

�� = 1 − ∑ (.e,f � .e,-)lheij
∑ (.e,f � .fggggg)lheij

 (41) 

Where �",), �",]are the values of Sth estimated and the measured global solar radiation respectively,�]gggg is 
the mean measured global solar radiation, �)ggg is the mean estimated global solar radiation, and � is the number 
of observation that taken into account. 
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RESULTS AND DISCUSSION 
 
To evaluate the applicability and the accuracy of the collected models in estimating monthly average daily 

global solar radiation values on a horizontal surface, a long-term of measured daily global solar radiation data 
are used. Measured data of global solar radiation are divided into two sets and averaged to obtain the monthly 
average daily values. The first sub-set data from July 1983 to Dec. 2002 with the exception of cloud cover data 
from Jan. 1999 to Dec. 2002.The first subset of data is employed for establishing models using regression 
analysis[14,13,19]. The regression coefficients are obtained and summarized in Table. 1. On the other hand, the 
second sub-set of data from Jan. 2003 to Jun 2005 and it is used for evaluating and validating the established 
models. Models prediction Eq. (1)-(31) are compared with the monthly average daily measured global solar 
radiation values, and the statistical errors named RMSE, MAPE, MABE, 
, and R2 are calculated using 
equations Eq. (37)-(41) and donated in Table.1.Based on the obtained results, the best model is recognized for 
every category by comparing the statistical parameters associated with all models in this category. Similarly, the 
most accurate model among 31 models also is identified. The best models are indicated in bold as shown in 
Table. 1. The following subsections introduce a precis description about every category and its best model.    

In category 1 (Air temperature-based models); according to the measured data, all statistical errors for the 
predicted values of global solar radiation,�) , are in the acceptable range ±10% with exception of MAPE values 
for three models (Model 1, 2, 10) are slightly larger than the acceptable value, 10.4845%, 10.4845% and 
11.3244%, respectively. The performance of Model 1 and 2 are very similar to each other and Model 10 showed 
the worst performance with the larger MAPE value =11.3244%.In contrast, Model 8 displayed the best 
performance with the largest R2, followed by Model 7, Model 12 and Model 6, respectively. Its statistical errors 
RMSE, MAPE, MABE, 
, and R2are 0.8250 MJ/m2, 3.9764%, 0.7235MJ/m2, 0.9950and 0.98670, successively. 
As well, Model 7, 12 and 6 displayed well performances, they are slightly less than Model 8 with excellent R2 
values0.98256, 0.98066 and0.97738, successively. The remaining models in this category also has a well 
predication. Coefficient of determination values (R2) for all models are higher than 0.91 as well as correlation 
coefficient values (
) are larger than 0.95, which refer to a good fitting. According to the obtained results, the 
models of the category are ranked based on their performance, as presented in Table. 1. In addition, the overall 
performances of the temperature-based models are illustrated in figures Fig. 1 (a, b). 

In category 2 (Cloud-based models); the statistical errors for all models of this category are in the 
acceptable values (±10%). The performances of the models are very similar to each other, as observed in Table. 
1. The lower performance is displayed by Model 15. On the other hand, Model 13donated the best performance 
with the largest R2, followed by Model 14, Model 15, consecutively, where it’s statistical errors RMSE, MAPE, 
MABE, 
, and R2 equal  1.6208 MJ/m2, 8.2629%, 1.2152MJ/m2, 0.9869and 0.94865, respectively. According to 
the results, the models of this category illustrated a good estimation for global solar radiation, whereR2 and 
 
values are larger than 0.94 and0.98, severally. As well, the second and the third order of cloud cover don’t 
improve the performance. More clarity, Fig. 1 (c) shows the performances of cloud-based models.  

In category 3 (Relative humidity-based models); MAPE values for two models of this category (Model 16, 
17) are exceeded acceptable values (±10%). Model 16presented the worst performance, with extreme value of 
MAPE=25.6756 %, also,
=0.6072 andR2=0.32628 which refer to a bad fitting, also they are very far from the 
optimum values. Based on revealed results, the models of this category are not suitable for estimating the global 
solar radiation at location of the study. Fig. 1 (d) illustrates the whole performance of the relative humidity-
based models.  

In category 4 (Extraterrestrial radiation and solar declination-based models); contrary to category 3, all 
statistical errors values for all models of this category (Model 18, 19 and 20)are in acceptable range (±10%), as 
well as they have an excellent errors values. Model 18 and 19have a very slightly difference in their 
performance, with the excellent values of R2, 0.99240, 0.99249, successively. Model 19presented the best 
performance between the other models, followed by Model 18, Model 20, respectively, its statistical errors 
RMSE, MAPE, MABE, 
, and R2 equal 0.6198 MJ/m2, 2.3103%, 0.4227MJ/m2, 0.9974and 0.99249, 
respectively. The performance of the models (Model 18, 19 and 20) are demonstrated in Fig. 2 (a). 

In category 5 (Air temperature and cloud-based models); the models of this category (Model 21, 22, 23, 24, 
25 and 26) showed a good errors values with excellent R2 values which close to the unity. Model 25 performed 
the superior performance among the other models of the category, followed by Model 23, Model 26 and Model 
24, respectively. The performance of Model 21 and Model 22 are very closer to each other. Its statistical errors 
(Model 25), RMSE, MAPE, MABE, 
, and R2are equal 0.7334 MJ/m2, 3.2068%, 0.5540MJ/m2, 0.9963and 
0.98949, respectively. The statistical indicators for the models of the category (5) are introduced in Table. 1. 
Besides, the performances of the models are illustrated in figure Fig. 2 (b). 
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Table 1: Regression coefficients and statistical indicators for the selected Models (1)-(31). 
Model a B c d e RMSE MِAPE MABE n R2 Rank 

T
e

m
p 

1 0.18122     1.9735 10.4845 1.8205 0.9806 0.92388 10 
2 0.18149     1.9735 10.4845 1.8205 0.9806 0.92388 10 
3 0.08362 0.80852    1.8892 8.6142 1.6659 0.9722 0.93024 9 
4 0.29837 -0.40956    1.8780 8.3975 1.6434 0.9719 0.93107 8 
5 0.52077 -0.66878    1.8601 8.1899 1.6162 0.9720 0.93237 7 
6 0.00239 0.33915    1.0759 3.6402 0.8254 0.9899 0.97738 4 
7 0.05292 0.03329 -0.02354   0.9447 3.8240 0.7724 0.9956 0.98256 2 
8 -9.43595 0.81559 0.14862   0.8250 3.9764 0.7235 0.9950 0.98670 1 
9 0.67991 1.7319E-5 4.86021   1.7319 8.2700 1.5410 0.9721 0.94138 6 
10 0.66755 4.0437E-8 8.83610   2.1023 11.3244 1.9421 0.9573 0.91361 11 
11 -0.74728 0.15026 -0.00602   1.7059 8.2985 1.5401 0.9724 0.94312 5 
12 0.12997 0.00281 -0.05249   0.9946 3.8843 0.8080 0.9958 0.98066 3 

C
lo

ud
 13 0.86965 -0.13690    1.6208 8.2629 1.2152 0.9869 0.94865 1 

14 0.57060 0.21242 -0.09630   1.6830 8.3931 1.2878 0.9852 0.94464 2 
15 -0.44630 1.94713 -1.04737 0.16823  1.6981 8.4868 1.3506 0.9839 0.94364 3 

R
H

 

16 170733.01 -2.38011 5.8711 25.6756 4.7027 0.6072 0.32628 1 
17 8.05415E-8 30.82049 -0.12270   5.8789 25.5475 4.6876 0.6060 0.32447 2 

E
xt

ra
 R

ad
 &

 
S

o
la

r 
D

e
c.

 

18 19.49357 0.42024 0.6234 2.1617 0.4010 0.9974 0.99240 2 
19 19.49394 24.57759    0.6198 2.3103 0.4227 0.9974 0.99249 1 
20 -8.96148 0.90211    0.9799 4.4402 0.8488 0.9914 0.98123 3 

T
e

m
p 

&
 C

lo
u

d 

21 0.47275 0.02791 -0.10501   1.2515 5.8470 1.0476 0.9874 0.96938 6 
22 0.13104 0.19502 -0.10391   1.2454 5.7900 1.0409 0.9874 0.96969 5 
23 0.73083 0.45974 -0.28273 -0.32329 -11.1896 0.8962 4.0945 0.7503 0.9937 0.98430 2 
24 0.90792 -0.45109 0.41073 -1.69882  0.9699 5.0439 0.8235 0.9917 0.98161 4 
25 0.04506 0.00352 0.00315 -0.00599 1.34575 0.7334 3.2068 0.5540 0.9963 0.98949 1 
26 0.02817 0.80839 -6.02087   0.9100 4.4790 0.7929 0.9925 0.98381 3 

T
e

m
p 

&
 R

H
 27 0.74446 0.00813 -0.00685   1.3778 4.4237 0.9829 0.9943 0.96289 4 

28 0.03514 -0.02613 0.00212 -1.66374  0.8302 3.8446 0.7004 0.9954 0.98653 1 
29 0.04146 -0.03178 0.10047 -6.07304  0.9329 4.5985 0.8029 0.9937 0.98299 2 
30 0.18079 0.00652 -9.53793   0.9668 4.9104 0.8099 0.9911 0.98173 3 
31 0.29871 0.44328 -33.75375   1.4023 8.3408 1.1969 0.9857 0.96156 5 

Temp: Temperature; RH: Relative humidity; Extra ad: Extraterrestrial solar radiation; Solar Dec: Solar declination angle. 

In category 6 (Air temperature and relative humidity-based models); the best performance is proposed by 
Model 28 compared with other models with an excellent R2values. Its statistical errors RMSE, MAPE, MABE, 

, and R2are0.8302MJ/m2, 3.8446%, 0.7004MJ/m2, 0.9954and 0.98653, respectively. Model 29 and Model 30 
exhibited the second and the third-best predictive performance; also their statistical errors are similar to each 
other in value. On the other side, the remaining models have a statistical errors are in the acceptable range 
(±10%) with very good R2 values lager than 0.96. The models of this category (6) are ranked according to their 
performance as clarified in Table. 1. The overall performance of the temperature and relative humidity-based 
models is explained in figure Fig. 2 (c).  

Of more interest, the best model among all models (31 models) is recognized by comparing the statistical 
indicators of the best models (Model 8, 13, 19, 25 and 28) and indicated in bold as observed in Table. 2. 
According to the preference of the statistical indicators, Model 19 in category (4) performed the superior 
performance among all other models in all categories, followed by Model 18, as shown in Table. 1. The overall 
performance of the best model is clarified in Fig. 2 (d). It is worth mentioning that the models of category (3) 
are excluded due to their bad performance, as seen in Table. 1.  

Generally, it can be concluded that the collected models (31 models; Eq.1 to 31) have a good estimation 
with R2 values vary between 0.93 and 0.99, with the exception of Model 16 and 17 of category (3) and Model 1, 
2 and 10 of category (1)due to the unacceptable MAPE values. The unsuccessful estimation by some of models 
does not mean that these models are inaccurate, but the models were introduced for locations with different 
atmospheric conditions from those exist in the site of the study. On the contrary, two models (Model 18 and 19) 
of category 4 (Extraterrestrial radiation and solar declination-based models) provided the best performance 
comparing with all models. Where their R2 values are higher than 0.99, followed by Model 25 of category (5), 
Model 8 of category (1) and Model 28 of category (6) respectively, with R2 values are larger than 0.98. 
Therefore, Inci Türk Toğrul model[37] and Can Ertekin model[31] (Eq. 19 and 18) proved to be the most 
suitable models for estimating the monthly average daily global solar radiation on a horizontal surface. The 
statistical error for all models (1)-(31) are clarified in Fig. 3. 
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Table 2: The statistical indicators for the best model that identified in each category. 
Category Model RMSE MِAPE MABE n R2 Rank 

Temp 8 0.8250 3.9764 0.7235 0.9950 0.98670 3 

Cloud 13 1.6208 8.2629 1.2152 0.9869 0.94865 5 

Extra Rad &Solar Dec. 19 0.6198 2.3103 0.4227 0.9974 0.99249 1 

Temp& Cloud 25 0.7334 3.2068 0.5540 0.9963 0.98949 2 

Temp &RH 28 0.8302 3.8446 0.7004 0.9954 0.98653 4 

 
 

 
Fig. 1: Temperature, cloud and relative humidity-based models Prediction compared with the measured values. 
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Fig. 2: Prediction of extraterrestrial solar radiation and solar declination-based models, temperature and cloud 

based models, temperature and relative humidity-based models, as well best models only compared 
with the measured values. 
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Fig. 3: Statistical indicators graph for the collected models (31 models; Eq. 1 to 31). 
 
Conclusion: 

Using long-term measured global solar radiation data (over 20 year) and other meteorological parameters, 
the performance of 31 non-sunshine based global solar radiation models are assessed for estimating the monthly 
average daily global solar radiation on a horizontal surface. The values of monthly average daily extraterrestrial 
solar radiation and solar declination for each month are obtained from in-house computer program that is 
developed by C# Language. According to the obtained results, some models are completely improper for 
applying in the location of the study due to their poor performance, and other models showed a good 
performance with an acceptable statistical errors values .Besides ,Inci TürkToğrulmodel(Model 19)followed by 
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Can Ertekin model (Model 18) which based on extraterrestrial radiation and solar declination, respectively 
displayed the best performance compared with other models with the largest coefficient of determination 
values�� ≥ 0.99. Therefore, Türk Toğrul model and Can Ertekin model (Model 19 and 18)are the 
recommended models for estimating monthly average daily global solar radiation on a horizontal surface. 
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