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Abstract - The aim of this work is studying and predicting solar radiation in various regions in Egypt along full year and from 

this study we could obtain the best regions which have high mean solar radiation and be best for solar energy projects. We 

predict the daily and monthly averages of instant solar radiation Rpr(W/m2) by using the recorded data temperature Tm in 2012 

in nine different sites in Egypt; Fayoum, Marsa-Alam, El-Arish, Aswan, Cairo, Luxor, Marsa-Matruh, Taba and Asyut. These 

places were selected as a wide distribution in order to cover most different regions in Egypt. Also, the daily global solar radiation 

RG is estimated for each region.  The predicted solar radiation Rpr is calculated by using the corresponding measured 

temperature Tm in various months. Also, a FORTRAN computational language has been employed to achieve all the required 

calculations. 

 

Keywords - Predicting solar radiation, daily and monthly averages, different regions in Egypt. 

  

1-INTRODUCTION 

 

As Egypt is a part of the best region of the solar radiation and it has a high solar availability and as the solar power is 

renewable and clean so the sun is the most rewarding source of energy in Egypt.  Study of the solar radiation is important 

for determining the best regions for solar power projects. In this work we predict the solar radiation by using the average of 

the measured  

 

temperatures during the day time  in some selected regions in Egypt; Fayoum, Marsa Alam, El Arish, Aswan, Cairo, Luxor, 

Marsa Matruh, Taba and Asyut.  The used mathematical model and the estimating of the solar radiation in these regions 

have been discussed, Abdelmonem et. al [1-2]. 

 

2-REVIEWING SIMILAR STUDIES 

 

In a review of the recent similar works,  Omran [3] presented an analysis of the solar radiation over Egypt, the 

analysis consisted of daily sunshine duration and hourly global and diffuse radiation on a horizontal surface in the regions; 

Cairo, Matruh and Aswan. Moreover Trabea and Shaltout [4] studied the correlation of global solar radiation with 

meteorological parameters over Egypt, where mean daily maximum temperature, mean daily relative humidity, mean daily 

sea level pressure, mean daily vapor pressure, and hours of bright sunshine are presented. Batlles et al. [5] presented an 

empirical modeling of hourly direct irradiance by means of hourly global irradiance, The data set used comprises 25000 

hourly values of global and diffuse irradiance in six Spanish locations with different climatic conditions. Togrul et al. [6] 

estimated the monthly global solar radiation from sunshine duration measurement in Elazigg. 

 

Shaltout et al. [7] presented a study of the solar radiation over Menia, Egypt. Measurements were taken using the 

Eppley pyranometer to measure the global solar radiation. Iziomon and Mayer [8] studied the performance of solar radiation 

models in two sites are located at Bremgarten within the Upper Rhine lowland area and at Feldberg on the mountain top of 

the Black forest in south-west Germany. 

In 2002, Paltineanu et al. [9] demonstrated the correlation between sunshine duration and global solar radiation in 

south-eastern Romania, they used daily data of 30 years  period (1971-2000) on sunshine duration and global solar radiation 

from the Constanta weather station and they calculated the coefficients a and b from Angstrom’s equation in this time 

period.  Also, Saylan et al. [10] studied the solar energy potential for heating and cooling systems in big cities of Turkey; 

Istanbul, Ankara and Izmir. The estimations were achieved for different seasons using hourly solar radiation measurements. 

Morover, Ferenc et al. [11] studied the changes in solar radiation energy and the relations to monthly average temperature. 

The analysis of the changes of monthly values of solar radiation energy including global radiation and radiation energy 

reaching flat surfaces was also presented. 
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In 2004, Podesta et al. [12] estimated the daily solar radiation in the Argentine, where two scenarios were 

considered; the sunshine duration data are available for a given location  or only by the daily temperature, and its minimum 

and maximum. Also, Almorox and Hontoria [13] presented a global solar radiation estimation using sunshine duration in 

Spain. Several equations were employed to estimate global solar radiation from sunshine hours for 16 meteorological 

stations in Spain, by only using the relative duration of sunshine. These equations included the original Angstrom-Prescott 

linear regression and modified functions (quadratic, third degree, logarithmic and exponential functions). Estimated values 

were compared with measured values in terms of the coefficient of determination, standard error of the estimate and mean 

absolute error. Meanwhile, El-Metwally [14] executed simple new methods to estimate global solar radiation based on 

meteorological data in Egypt. The methods used ground-based measurements of maximum and minimum temperature, daily 

mean of cloud cover and extraterrestrial global radiation. The verage of root mean square differences (RMSD) for a 

comparison between observed and estimated global radiation for all locations tested was around 10% for the new methods 

and 13% for Supit-Van Kappel method. On the other hand, Zhang et al. [15] studied the analysis of 40 year records of solar 

radiation data in Shanghai, Nanjing and Hangzhou in Eastern China.  

 

In 2005, El-Metwally [16] studied sunshine and global solar radiation estimation at different sites in Egypt. A simple 

non-linear method was proposed for estimating relative sunshine duration based on monthly mean daily maximum and 

minimum air temperatures and cloud cover fraction at six sites in Egypt. While,  Trnka et al. [17] studied the global solar 

radiation in central European lowlands estimated by various empirical formulae. 

 

In 2006, Menges et al. [18] presented an evaluation of global solar radiation models for Konya-Turkey. This study 

reviewed the global solar radiation models available in order to evaluate the applicability of 50 models for computing the 

monthly average daily global radiation on a horizontal surface. While, Spokas and Forcella [19] studied the estimating 

hourly incoming solar radiation from limited meteorological data. Two major properties that determine weed seed 

germination are soil temperature and moisture content. Incident radiation is the primary variable controlling energy input to 

the soil system and thereby influences both moisture and temperature profiles. Also, Robaa [20] studied the solar  radiation 

climate at Cairo urban area, Egypt and its environs. 

 

In 2007, Elminir [21] explained an experimental and theoretical investigation of diffuse solar radiation for some 

Egyptian sites, statistical analysis of hourly, daily and monthly correlations was carried out, using a 5 years data archive 

(1999–2003) of hourly global and diffuse solar irradiances obtained at five selected meteorological stations over greater 

Egypt area. Meanwhile, Rahoma and Hassan [22] obtained a typical annual time function by the application of a calculation 

procedure based on Fourier analysis on global solar radiation data extended to  nine years from June 1991 to August 1999 at 

Helwan - Egypt. 

 

In 2008, Jamil Ahmad and Tiwari [23] predicted the hourly solar radiation received during the average day of each 

month for different solar energy applications, particularly in design methods. Also, Jamil Ahmad and Tiwari [24] estimated 

the hourly global solar radiation for the composite climate of New Delhi using regression analysis and they gave a 

comparison between estimated and measured values showing that the constants derived for New Delhi provide good 

estimates of the hourly global radiation except for the morning and evening hours. Also, Castellvi [25] evaluated three 

practical methods for estimating daily solar radiation in dry climates in Spain. Meanwhile, Chineke [26] studied equations 

for estimating the global solar radiation in data sparse regions. The global solar radiation was thus estimated for three sites, 

Owerri, Umudike and Ilorin located in different climate zones in Nigeria and West Africa.   

 

In 2009, Jamil Ahmad and Tiwari [27] had given a development of a new model to evaluate the hourly solar 

radiation for composite climate of New Delhi. The root mean square error (RMSE) and mean bias error (MBE) have been 

used to show  the accuracy of the new model. Also, Kassem et al. [28] used a development of neural network model to 

estimate hourly total and diffuse solar radiation on horizontal surface at Alexandria -Egypt. On the other hand, Augustine 

and Nnabuchi [29] presented a relationship between global solar radiation and sunshine hours for Calabar, Port Harcourt 

and Enugu in Nigeria. Moreover, Togrul [30] estimated the values of the solar radiation from Angstrom’s coefficients by 

using geographical and meteorological data in Bishkek, Kyrgyzstan. Also, Prieto et al. [31] studied the correlation between 

global solar irradiation and air temperature in Asturias – Spain. However, Bajpai and Singh [32] tried to estimate the instant 

solar radiation by using the instant temperature. This has been made to correlate the recorded instant temperature and 

corresponding instant solar radiation of different days in a hot season of Lucknow, India. And, Liu et al. [33] evaluated the 

temperature-based global solar radiation models in China . 

 

In 2010, Jamil Ahmad and Tiwari [34] gave a comprehensive review for the global solar radiation models available 

in the literature and it was shown that there are several formulae which relate global radiation to other climatic parameters 

such as sunshine hours, relative humidity and maximum temperature. Also, Muzathik et al. [35] estimated hourly global 

solar radiation on a horizontal plane and they found that the Collares-Pereira and Rabl model performed better than the 

other models. Moreover, El-Sebaii et al. [36] studied the global, direct and diffuse solar radiation on horizontal and tilted 

surfaces in Jeddah, Saudi Arabia. While, Okundamiya and Nzeako [37] employed an empirical model for estimating global 

solar radiation on horizontal surfaces for selected cities in the six geopolitical zones in Nigeria. And, Liu et al. [38] studied 
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the choice of the Angstrom–Prescott coefficients to confirm if the time-dependent ones are better than the fixed ones in 

modeling global solar irradiance using data from 20 sites of temperate climate in China.  

 

In 2011, Jamil Ahmad and Tiwari [39] presented the solar radiation models for predicting the average daily and 

hourly global radiation beam radiation and diffuse radiation on horizontal surface. Also, Tahas et al. [40] evaluated global 

solar radiation and temperature trends in the Cluj-Napoca – Romania. In the meantime, Ibrahim et al. [41] estimated the 

solar irradiance on inclined surfaces facing south in Tanta, Egypt. While, Muzathik et al. [42] demonstrated the global solar 

irradiation on horizontal and inclined surfaces based on the horizontal measurements in Malaysia. Moreover, Al Riza et al. 

[43] presented hourly solar radiation estimation methods using ambient temperature and relative humidity data using 

measured data in Universiti Teknologi PETRONAS, Bandar Sri Iskandar, Perak, Malaysia. And, Veeraboina et al. [44] 

estimated the annual solar radiation from measured temperatures by using temperature-based (TB) approach in different 

cities in India. However, El Shazly et al. [45] estimated the global and diffuse solar radiation using the sunshine duration at 

Qena – Egypt. 

 

In 2012, Elom and Nnamdi [46] studied the measurement of global solar radiation and average temperature during 

the period of eleven years (1996  to  2006)  at  Onitsha - Nigeria. While, Ituen et al. [47] predicted the global solar radiation 

using relative humidity, maximum temperature and sunshine hours in Uyo, in the Niger Delta Region, Nigeria. However, 

Korachagaon and Bapat [48] collected data such as global solar radiation, air temperature, relative humidity, wind and 

moisture from 875 stations around the globe and these data used to develop the formula for estimating the monthly average 

daily global radiation on a horizontal surface. On the other hand, Rahimi et al. [49] used a calibration of Angstrom’s 

equation for estimating solar radiation using meta-heuristic harmony search algorithm (Case study: Mashhad-East of Iran). 

And, Ulfat et al. [50] estimated the global and diffuse solar radiation in Islamabad -Pakistan. Also, Liu et al. [68] gave 

assessing models for parameters of the Angstrom–Prescott formula in China. 

 

In 2013, Jemaa et al. [51] estimated monthly and annual average global solar radiation using three simple methods 

(Linear model, Quadratic model and Cubic model) in Troyes-Barberey City - France. Besharat et al. [52] evaluated the 

monthly average daily global solar radiation on a horizontal surface in Yazd city - Iran. Suehrcke et al. [53] studied the 

relationship between sunshine duration and solar radiation received on the earth’s surface by using instantaneous solar 

radiation measurements from Australia and Germany. On top, Pan et al. [54] estimated the daily global solar radiation 

spatial distribution from diurnal temperature ranges over the Tibetan Plateau in China. And, Irwan et al. [55] studied the 

solar characteristic using Hargreaves statistical analysis model for predicting the solar radiation in Kelantan – Malaysia. 

 

 In 2014, Soubdhan et al [56] used a statistical and dynamical analysis of time dependent global solar radiation 

sequences in Guadeloupe (F.W.I.) located in the East part of the lesser Antilles. Also, El Mghouchi et al. [57] proposed a 

new model used to predict the direct, diffuse and global solar flues for clear skies, by making the comparison between the 

numerical simulation of this model and the climatology measured data of Energetic Laboratory Station, Faculty of Science 

of Tetouan City in Northern Morocco. Morover, Kadirgama et al. [58] have attempted to develop a model that can be used 

to predict hourly total and solar radiation on the horizontal surface using the artificial neural networks method. While, 

Waewsak et al. [59] presented an estimation of monthly mean daily global solar radiation over Bangkok, Thailand using 

artificial neural networks. On top, Lopez and Batlles [60] presented a new accurate parametric model to estimate global 

solar radiation under cloudless conditions. The evaluation of the model performance has been carried out using ground 

measurements obtained in twelve radiometric stations located in the north face of a town located in the South East of Spain. 

In the meantime, Kim et al. [61] presented an evaluation of meteorological base models for estimating hourly global solar 

radiation in Texas. However, Ouali  and  Alkama [62] discussed a model of global solar radiation based on meteorological 

data in Bejaia city, Algeria. Also, Padovana et al. [63] described a study of different estimation procedures for the 

assessment of the direct normal irradiance, using experimental data with a time scale of 1 min, taken at two different 

latitudes.  

 

In 2015, Eissa et al. [64] treated Mc-Clear approach which is a fast model based on a radiative transfer solver, to 

estimate the surface down-welling solar irradiances for cloud-free instances. Here, they presented a validation of the model 

for the specific climate of the United Arab Emirates. Also, Shukla et al. [65] presented a comparison of different empirical 

models used for the estimation of solar radiation on tilted surface, three isotropic and same number of anisotropic sky 

models were employed by using average monthly mean value of solar radiation on daily basis for local climatic condition at 

Bhopal located in central region of India.  
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3- LOCATION COORDINATE 

 

The location coordinates of the meteorological stations of the selected regions are listed in Table1.  

 
Table 1: The location coordinates of the meteorological stations of the selected regions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3- EXPERIMENT AND RESULT 

3.1 -THE DAILY AVERAGES OF THE SOLAR RADIATION  

Figs 1 to 9 show the variation of daily averages of the measured temperature and the solar radiations in all months of 2012 

in the nine selected regions. 

  

 

 

 

Region Latitude 

(Degree) 

Longitude 

(Degree) 

Fayoum 29.308 30.84 

Marsa-Alam 25.56 34.58 

El-Arish 31.07 33.84 

Aswan 23.96 32.82 

Cairo 30.11 31.41 

Luxor 25.67 32.71 

Marsa-Matruh 31.33 27.22 

Taba 29.35 34.46 

Asyut 27.04 31.01 

  
(a) (b) 

Fig.1: (a)Daily averages of the measured temperature (b) Daily averages of the predicted solar radiation, Fayoum, 2012. 
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(a) (b) 

Fig.2: (a) Daily averages of the measured temperature (b) Daily averages of the predicted solar radiation, Marsa-Alam, 2012. 

  
(a) (b) 

Fig.3: (a) Daily averages of the measured temperature (b) Daily averages of the predicted solar radiation, El-Arish, 2012. 
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(a) (b) 

Fig.4: (a) Daily averages of the measured temperature (b) Daily averages of the predicted solar radiation, Aswan, 2012. 

  

(a) (b) 

Fig.5: (a) Daily averages of the measured temperature (b) Daily averages of the predicted solar radiation, Cairo, 2012. 
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(a) (b) 

Fig.6: (a) Daily averages of the measured temperature (b) Daily averages of the predicted solar radiation, Luxor, 2012. 

  

(a) (b) 

Fig.7: (a) Daily averages of the measured temperature (b) Daily averages of the predicted solar radiation, Marsa-Matruh, 2012. 
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(a) (b) 

Fig.8: (a) Daily averages of the measured temperature (b) Daily averages of the predicted solar radiation, Taba, 2012. 

  

(a) (b) 

Fig.9: (a) Daily averages of the measured temperature, (b) Daily averages of the predicted solar radiation, Asyut, 2012. 
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3.2 THE MONTHLY AVERAGES OF THE SOLAR RADIATION  

The monthly average of instant solar radiation Rpr (W/m
2
) by using the monthly average of instant temperature Tm (K) 

during 2012 in the nine selected places in Egypt could be predicted. The monthly averages of temperature of the selected 
regions were calculated and listed in Table 2 and hence the monthly averages of the solar radiation of the selected regions can 

be obtained as it is shown in Table 3. 

 

                      

Table 2: Monthly averages of the measured temperature Tm, 2012. 

 
Table 3: Monthly averages of the solar radiation Rpr , 2012. 

Rpr (W/m
2
) 

Month Fayoum  
Marsa-

Alam  
El-Arish  Aswan  Cairo  Luxor  

Marsa-

Matruh  
Taba  Asyut  

Jan   202.67 276.49  187.09  242.96  201.73  207.82  201.16  133.36  170.63  

Feb   224.64 314.08  160.21  311.08  187.99  257.85  165.04  137.98  190.71  

Mar   238.70 279.29  154.21  302.48  195.33  270.62  168.01  137.01  193.03  

Apr   308.67 374.68  158.71  494.61  282.95  437.94  188.02  196.62  315.27  

May   420.54 533.28  245.58  735.68  375.93  634.47  227.57  281.12  455.01  

Jun   575.39 707.55  316.51  976.98  486.49  834.18  289.42  412.18  609.5  

Jul   600.67 749.32  426.34  993.41  528.13  870.38  371.36  446.27  622.13  

Aug   618.08 727.24  474.88  952.91  560.81  805.04  418.22  432.47  578.57  

Sep   541.47 617.04  371.96  798.38  451.51  680.61  359.45  363.57  446.38  

Oct   443.83 528.91  334.42  709.01  426.44  592.97  335.53  307.71  402.53  

Nov   385.77 391.59  259.32  416.98  300.05  350.91  272.05  197.86  268.88  

Dec   204.09 282.72  188.01  247.11  203.57  217.53  195.04  130.09  163.82  

 
 

Figs. 10 and 11 show the monthly averages of instant temperature Tm(K) and instant solar radiation Rpr (W/m
2
) respectively 

versus the months in the selected regions in Egypt. 

 

Tm (K) 

Month Fayoum 
Marsa-

Alam 
El-Arish Aswan Cairo Luxor 

Marsa-

Matruh 
Taba Asyut 

Jan 285.92 289.26 285.06 287.87 285.87 286.19 285.84 281.42 284.07 

Feb 288.13 292.38 285.35 292.28 287.02 290.32 285.66 283.79 287.17 

Mar 289.78 292.84 286.81 293.65 289.21 292.52 287.68 285.61 289.09 

Apr 298.35 298.77 290.51 301.44 296.07 300.27 292.14 292.57 297.11 

May 300.22 302.42 295.19 305.42 299.16 304.04 294.48 296.45 300.94 

Jun 302.47 305.22 297.94 308.14 301.83 306.71 297.13 300.33 303.87 

Jul 304.12 306.01 301.19 308.42 303.02 307.29 300.01 301.58 304.42 

Aug 303.17 305.21 301.52 307.55 302.96 306.09 300.42 300.71 303.23 

Sep 302.07 303.21 298.77 305.47 300.47 304.07 298.47 298.57 300.37 

Oct 299.04 300.62 296.49 303.26 298.68 301.65 296.52 295.74 298.16 

Nov 295.32 296.84 292.97 297.43 294.34 295.81 293.42 290.43 293.31 

Dec 289.29 292.48 288.48 291.16 289.26 289.91 288.84 284.87 287.13 
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Fig. 10: Monthly averages of Tm(K) of the selected regions in Egypt during 2012. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 11: Monthly averages of Rpr (W/m2) of the selected regions in Egypt during 2012. 
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3.3 ESTIMATION OF THE GLOBAL SOLAR RADIATION  

The daily global solar radiation RG is determined using the total average of instant solar radiation and the average of the day 

length DL  and it is shown in table 4. 

 

Table 4: The Daily average of solar radiation Rav, the average day length time DL  and daily global solar radiation RG  of the different regions. 

 

 Fayoum 
Marsa 

Alam 
El Arish Aswan Cairo Luxor 

Marsa 

Matruh 
Taba Asyut 

Rav 

(W/m2) 
440.8 466.2 356.6 501.7 408.6 484.9 349.8 393.6 426.2 

DL (h) 12.4 12.4 12.3 12.8 12.4 12.7 12.3 12.2 12.5 

RG  

MJ/m2/day 
19.68 20.81 15.79 23.12 18.24 22.17 15.49 17.43 19.18 

 

4 -DISCUSSION 

The study and prediction of the solar radiation in the selected regions in Egypt, nine regions (Fayoum, Marsa-Alam, El-

Arish, Aswan, Cairo, Luxor, Marsa-Matruh, Taba and Asyut) have been evaluated. The temperature data were obtained 

from record data on international website (http://www.wunderground.com), These temperatures were measured in the 

meteorological stations located in these regions. Using the daytime averages of the temperature in whole year of 2012 and 

FORTRAN program we calculated the daily average of the solar radiations in these regions. 
 

The daily global solar radiations of the different regions were predicted by using the daily averages of the solar 

radiation and the daily averages of day length time. The predicted global solar radiation in Fayoum; 19.68 MJ/m
2
/day, 

Marsa-Alam; 20.81 MJ/m
2
/day, El-Arish; 15.79 MJ/m

2
/day, Aswan; 23.12 MJ/m

2
/day, Cairo; 18.24 MJ/m

2
/day, Louxor; 

22.17 MJ/m
2
/day, Marsa-Matruh; 15.49 MJ/m

2
/day, Taba; 17.43 MJ/m

2
/day, Asyut; 19.18 MJ/m

2
/day. In a similar previous 

work, Omran [3] estimated the average daily global solar radiation for Marsa-Matruh, Cairo and Aswan, respectively are 

19.4, 18.67, and 21.78 MJ/m
2
/day, and he obtained that the large values of hourly global solar radiation has a maximum of 

eight hours per day in both June and July, all over the country.  

 

Robaa [20] estimated the daily global solar radiation in Cairo 18.57 MJ/m
2
/day.  Trabea and Shaltout [4] obtained 

that the maximum values of the global solar radiation in Egypt appear in June, while the minimum values are in December, 

and the average daily global solar radiation on horizontal surface at Aswan is 22.76 MJ/m
2
/day, at Kharga is 22.11 

MJ/m
2
/day, at Cairo is 19 MJ/m

2
/day, at Marsa-Matruh is 18.93 MJ/m

2
/day and at Al-Arish is 19.75 MJ/m

2
/day. Also, it 

was shown that the values of global solar radiation at Aswan and Kharga (south Egypt) are higher than they are in Cairo 

(middle Egypt), Marsa-Matruh and Al-Arish (northern Egypt). El-Metwally [14] estimated the daily global solar radiations 

in some regions in Egypt, in Marsa-Matruh 19.3 MJ/m
2
/day, Rafah 17.8 MJ/m

2
/day, Bahtim 18.9 MJ/m

2
/day, Asyut 21.6 

MJ/m
2
/day, Kharga 22.0 MJ/m

2
/day, and in Aswan 22.8 MJ/m

2
/day. As example on the international regions, Zhang et. al 

[15] estimated the average value of the daily global solar radiation in China, in Shanghai 12.5 MJ/m
2
/day, in Nanjing 12.42 

MJ/m
2
/day and in Hangzhou 11.37MJ/m

2
/day. Further studies predicted solar radiation using meteorological data and 

empirical formula were shown by I. Korachagaon and V. Bapat, H. Yıldırım and others, Z. Tahir and M. Asim and C. Louis 

and R. Gambol [66–69] .  

  

5-CONCLUSIONS 

From figs 1 to 11 and tables 3 and 4 we can notice that the best months of the solar radiation are June, July and August 

which are the summer months. Moreover, it is clear that Aswan has the best solar availability. In conclusion, the regions 

Fayoum, Marsa-Alam, El-Arish, Cairo, Luxor, Marsa-Matruh, Taba and Asyut have also high solar availability and they 

could be used for the solar power projects either for energy production or desalination covering different areas of Egypt.    
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