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Abstract - In this work, we make a confrontation between measured values of the solar 

radiation given by NASA and those estimated by the mathematical models suggested in 

the literature. The chosen mathematical models are those of the model of Angstrom, Allen 

and the model of Sabbagh which are described as the best models. The three methods 

used the root mean square error (RMSE),mean bias error(MBE), mean percentage 

error(MPE) and nash- sutcliffe equation(NSE) was compared with failure analysis. The 

site of Faya-Largeau has been chosen as reference. The comparative study of the 

obtained results showed that the model of Sabbagh presents a best estimation of the 

global solar radiation with a value of 6.013 kWh/m2/day in particular for an incidence on 

horizontal level. Well cavity, it arises that the site of Faya-Largeau being in the Saharan 

zone of Chad has a good solar potential for the exploitation of photovoltaic solar energy. 

Résumé - Dans ce travail, nous faisons une confrontation entre les valeurs mesurées du 

rayonnement solaire donné par la NASA et celles estimées par les modèles mathématiques 

suggérés dans la littérature. Les modèles mathématiques choisis sont ceux du modèle 

d’Angstrom, Allenet du modèle de Sabbagh qui sont décrits comme les meilleurs modèles. 

Les trois méthodes ont utilisé l'erreur quadratique moyenne (RMSE), l'erreur de biais 

moyenne (MBE), l'erreur de pourcentage moyen (MPE) et l'équation de Nash- Sutcliffe 

(NSE) ont été comparées à l'analyse de défaillance. Le site de Faya-Largeau a été choisi 

comme référence. L'étude comparative des résultats obtenus montre que le modèle de 

Sabbagh présente une meilleure estimation du rayonnement solaire global avec une 

valeur de 6.013 kWh/m2/jour en particulier pour une incidence au niveau horizontal. Bien 

cavité, il s'avère que le site de Faya-Largeau étant dans la zone saharienne du Tchad a 

un bon potentiel solaire pour l'exploitation de l'énergie solaire photovoltaïque. 
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1. INTRODUCTION

The principal source of the most significant energy comes from the solar radiation 

which is one of the determining factors of change of climatic [1, 2].Thus, considering 

the growth of the population and with the aim of protects the environment, reduction of 

gases for purpose of greenhouse, one must think of the interest which can bring 

renewable energies such as solar energy [3]. The majority of the solar devices of 

photovoltaic conversion require the knowledge of the solar radiation available for a site 

given on a horizontal or inclined level [4-6]. 

These last years, the solar energy, which is characterized by an absence of pollution 

and, by its availability, is the subject of a great interest. Indeed, the operating systems 
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which use this form of energy require a light maintenance and have a good reliability of 

operation. They are an increasingly increased autonomy, an extreme resistance to the 

natural conditions (temperature, moisture, wind, corrosion, etc), and thus a great 

longevity. It appears that solar energy can bring real solutions to the various difficulties 

which currently arise concerning the climatic changes, the energy crises.... 

There are two kind of solar energy systems: the photovoltaic systems for the 

production of electricity and the thermal systems (solar-fired heaters) for the production 

of hot water, field where she particularly experiences a considerable development in the 

sector of the habitat [7].  

With 80% rural population, and a total absence of a grid system of electricity, Chad 

can hope on renewable energies to ensure its production and its energy independence 

everywhere. Between 2 to 4% of the population has access to electricity. However, 

energy is a true engine of development as well as the financial and human resources [8]. 

The meteorological stations installed in Chad haven’t instruments to measure the 

solar potential. The available data are limited to empirical measurements of the sunshine 

duration. Chad hasn’t materials and specialists to evaluate the solar and wind potentials 

and to establish their maps. That is why some of measurements are obtained by Satellite 

but not over a long time. Until today any research has been led in Chad on the 

evaluation of the solar potential. 

For that, the object of our work concerns the comparison of two methods to evaluate 

of the global solar radiation of Faya-Largeau in the Saharan zone of Chad from which 

the drank is the choice of the most suitable model. Thus, this comparison will enable us 

to have an idea on solar energy available for a good dimensioning of a solar system. 

2. DATA COLLECTION 

Table 1 presents the weather data used in this work coming from the Directorate 

General of the meteorology of Chad in order to consider the irradiation solar total. It is 

about the duration of sunning during 17 years, Relative humidity during 22 years, 

maximum temperature for 21 years, minimal temperature during 22 years and average 

temperature for 21 years. These data are used in the equations considering the 

irradiation solar total of Faya-Largeau. 

Table 1: Monthly mean daily hours of bright sunshine 

maximum temperature, relative humidity 
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3. PRESENTATION OF THE STUDIED MODELS 

3.1 Modeling of the radiation out of atmosphere  

The extraterrestrial solar radiation is given by the following equations [9],  
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3.2 Modeling of the total radiation on a horizontal level by the model of Angstrom  

Angstrom was the first to propose an ideal model (linear model) to estimate the total 

horizontal solar radiation with in entry the data over the duration of the sunshine 

duration. Prescott [10] and Page [11] improved this model and considered the total 

horizontal sunshine duration according to the relation[12, 13], 
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3.3 Total radiation on a horizontal level by the model of Sabbagh  

Sabbagh obtained the total solar radiation according to the duration of the sunstroke, 

the relative humidity, the maximum temperature, the altitude and the geographical 

localization (longitude, latitude). He used the following relations [14], 
















max

3/1

0 T

1

100

RH

S

S
expK530.1H           (8) 

 )(cosTn100K jimax             (9) 

)1.01(

1
n


            (10) 

Where DI , HR , and maxT  are respectively the monthly average per day of the duration 

of the sunstroke, the relative humidity and the maximum average temperature of the 

considered month.  
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3.4 Total radiation on a horizontal level with Model of Allen  

Allen [15, 16] estimated monthly mean of the global solar radiation as a function of 

0H , monthly mean of the maximum temperature ( MT ), and the monthly mean of the 

minimum temperature ( mT ) as, 
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Where, rK  is defined as,  
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Following Lunde [17], 17.0Kra   and 0PP  may be defined as, 
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Where P  and 0P  are the values of local and standard atmospheric pressure, 

respectively, and h  is the altitude of the place in meters. 

4.PERFORMANCE EVALUATIONS OF TWO METHODS 

In order to compare the data of the solar radiation provided by NASA with those 

which presented in paragraph 2, we have created for each studied model a program 

under Matlab and Excel.  

Several statistical indicators used in the literature [18-20], enabled us to confront the 

calculated data by the mathematical models and those measured by the NASA.  

The used indicators are: RMSE, MBE, MPE and NSE.  

The RMSE indicator [21] 

The RMSE (Root Mean Square Errors) is a measurement of the variation of the 

computed values, according to each model around the measured values. The model is 

the best when his RMSE value is the smallest. It is defined by the relation,  
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n  represent the number of the month. 

The MBE indicator [22]  

The MBE (Mean bias error) which is the error of average skew is calculated starting 

from the relation,  
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An indication gave the average deviation of the computed values compared to the 

measured values. A positive value indicates an over estimation and a negative value 

indicates an undervaluation.  

The MPE indicator [22] 

The MPE (Mean Percentage Error) is defined by the relation, 
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For this indicator, an error expressed as a percentage ranging between -10% and 

+10% are acceptable for the model [22]. 

The NSE indicator [23] 

The NSE (Nash-Sutcliffe Equation) represents a measure of the precision of the 

model results. A model is more efficient when NSE is closer to 1 [23]. The NSE is 

defined by the relation, 
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Where  mH  is the mean measured global radiation. 

5. RESULTS AND DISCUSSIONS 

The estimation of the solar potential of Faya-Largeau, delimited by the latitude of 

17°55 and longitude of 19°7, is carried out by using the software Excel and Matlab. The 

used of the two presented mathematical methods enabled us to evaluate the solar 

potential of the considered site.  

Table 1 presents the obtained results using the method of Angstrom. It is noticed 

that the average values of the non constant parameters has a and b  are respectively 

0.390 and 0.328. 

Thus, for the various months of the year, one observes the smallest value of a , 

within August ( 322.0a  ), and his greatest value within February ( 414.0a  ). For the 

parameter b , his smallest value is observed within February ( 276.0b  ) and his 

greatest value within August ( 475.0b  ).The highest value of the sunshine duration is 

10.413(h) (in February) and his lowest value is 7.235(h) (in August).  

Concerning the astronomical duration of the day it is 11.199 (h). In addition the 

average of the extraterrestrial radiation is 8.190 kWh/m2/day, the rate of sunstroke is 

0.857, the index of clearness is 0.666 and the total solar radiation is 5.457 kWh/m2/day. 

Table 2: Angstrom method 
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Table 3: Sabbagh method 

 

Table 3 presents the average values of the parameters of the method of Sabbagh. 

The average duration of sunstroke is 9.594 (h), the maximum duration of day of 

sunstroke is 11.199 (h), the relative humidity is 20.37%, the maximum temperature for 

the site is 35.65 °C, the rate of sunstroke is 0.857 and the total radiation is 6.013 

kWh/m2/ day.  

According to the results obtained by the two models for the site of Faya-Largeau in 

the Saharan zone of Chad, we note that the value of the total radiation is 5.457 

kWh/m2/day by using the method of Angstrom. 

On the other hand, the method of Sabbagh gives a result of 6.013 kWh/m2/day 

which approaches more the value of the NASA (6.440 kwh/m2/day), considered as 

experimental and reference value. Moreover, this method of Sabbagh has more of the 

weather parameters than the method of Angstrom. The use of the climatic data has as an 

advantage a real estimate during a good number of years. 

The results of the indicators of precision RMSE, NSE, MBE, and MPE are given in 

Table 4 for the site of Faya-Largeau and for the two used methods. 

The comparison between the results of the two used methods and the measured 

values (NASA) shows that the method of Sabbagh gives the best estimation of the total 

radiation for this zone. It is noticed that the model of Sabbagh gives a minimal variation 

(MPE(%)= -6.7662%, RMSE= 0.513, MBE=- 0.0677, NSE=0.6468). 

Table 4: Comparison of the methods for the site of Faya-Largeau 
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Table 5: Monthly variations of the error produced by different models 

 

Table 5 respectively shows the monthly variations of the errors obtained starting 

from the various models in particular the method of Angstrom, Allen and Sabbagh. One 

notices in this table that the model of Sabbagh presents a minimal error of -6.766 % 

compared to the other models. What comes down to saying that this model is adapted 

the most to consider the irradiation solar total of Faya-Largeau.  

Table 6: Monthly fraction of possible duration 

of sunshine hours ( 0SS ) and the clearness index (H/Ho) 

 

Table 6 presents the variations of the rate of the sunshine duration 0SS , the index 

of clearness 0HH obtained by the three methods used within the framework of this 

study. It is noticed that, the maximum value of 0SS of 0.932 is recorded in February 

and the minimal value 0.646 in August. 

The average value of the index of clearness of these three methods presented in 

Table 6 shows that, plus the index of clearness is high, plus the model is better. Thus, 

the model of Sabbagh is appropriate for the site of Faya-Largeau, with a value of 0.734. 

6. CONCLUSION 

In this work, a modeling of the Global solar irradiation for the site of Faya-Largeau 

by the models of Angstrom and Sabbagh has been presented. The performance of two 

numerical methods has been systematically compared. 
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This work enabled us to confront the values of the NASA and those estimated by the 

two mathematical models. According to the results of this study, we noted that the 

Sabbagh method is very suitable and efficient in order to estimate of the global solar 

radiation with a value of 6.013 kWh/m2/day.  

The evolution of the monthly solar radiation for the site of Faya-Largeau shows that 

December and January are the most unfavorable (4.521 kWh/m2/day and 4.734 

kWh/m2/day respectively).In prospects, one can plan to use this step, improved better to 

evaluate the solar potential for other sites in Saharan zone of Chad in order to establish 

the map of the solar potential. 

NOMENCLATURE 
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