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Abstract—This work describes the behaviors of 
daily global solar radiation (Gd) as a function of 
some meteorological parameters such as the 
bright sunshine (S), relative humidity (RH), air 
temperature (Ta), wind speed (Ws), sea level 
pressure (PMSL) and water vapor pressure (V) 
through the study period (2001-2002) over Qena, 
Egypt. Multiple linear regression models were 
developed between the daily values of the global 
solar radiation and these meteorological 
parameters during this period. The best values of 
multiple correlation (R) and standard error of 
estimation (SE) were 0.913 and 0.025 respectively. 
This correlation equation is given as: 
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A good agreement was observed between the measured and 

the predicted values of our models (correlation coefficients 

was more than 0.98).  

Keywords— solar energy; global solar 
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I. INTRODUCTION 

Qena (26
0
 17`, 32

0
 10`, 96 m asl) is located in the 

south part of Egypt. Climatically, it lies within the 
subtropical region characterized by hot, dry and calm 
weather with low cloudiness (80 % of the days of the 
year are cloudless) and it is a city of abundant solar 
radiation along most of the months of the year which 
gives us the hope to use it in the future as energy 
source to solve the energy demand problem [1-3]. 

It is not a rare occurrence that solar radiation data 
are needed for sites where no measuring instrument is 
installed. Typical is the case of mapping the solar 
climate for a large region starting from a measured 
solar radiation database relative to a few isolated 
stations. A similar problem arises when instruments 
have been working for a very short time, such as one 
year or less, so that reliable frequency distributions or 
even statistical averages are not available to designers 
or researchers [4]. 

 Global solar radiation data is essential for the 
study and design of the economic viability of systems 

that use solar energy. The global solar radiation data 
required for solar energy use are in the form of; diurnal 
variation, monthly mean daily values, frequency 
distribution of number of consecutive days in each 
calendar month, with insulation below or above a 
certain threshold and frequency distribution of monthly 
mean and annual mean values [5]. There are, of 
course, other uses of such information, including 
forecasts of evaporation from dams, agricultural 
potential and meteorological forecasting. In spite of the 
importance of global solar radiation data, few 
meteorological stations, especially in developing 
countries, measure accurately and continuously these 
data [6]. 

Thus, inquiries about the existence of relationships 
between global solar radiation and other available 
meteorological parameters (such as sunshine duration 
hours, air temperature, relative humidity etc) are very 
interesting. Trabea et al. (2000) [7] have described the 
mathematical expression of the various models, which 
discussed the empirical correlation of Gd with the 
meteorological parameters. The forms of some 
empirical models are given briefly below: 

- Gophanthan (1988) [8] introduced a multiple linear 
regression equation of the form: 
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- The model for Bahrain is written as [9]: 
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and 
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- Trabea et al. (2000) [7] models have the forms: 
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A multiple regression equation could be employed 
by Akpabio et al. (2004) [6] for the purpose of 
estimating global solar radiation within the rain forest 
climate zone. They used ten meteorological 
parameters. However, they started with one variable 
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correlation to ten variable correlations. Akpabio et al. 
(2004) [6] concluded that the best empirical equation 
to estimate the global solar radiation of locations that 
have the same climate, latitude and altitude is; 

vsHad jEiT
S

S
gfRedcTbGaG 

0
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                                                                                  (5) 

Where h is the elevation of the location in kilometers 

above sea level, Tmax is the maximum temperature,   

ratio of minimum to maximum temperatures, Ts is the 
soil temperature and Ev is the pan evaporimeter. The 
values of the coefficients a, b, c, d, e, f, g, j and i are 
different from model to another one.  

This paper study the characteristics of the daily 
global solar radiation at Qena during the period of this 
study (2001-2002) and tried to investigate suite of 
empirical models used in the estimation of the daily 
global solar radiation from the meteorological 
parameters.  

II. METHODOLOGY 

The global solar radiation (Gd), bright sunshine 
(S), relative humidity (RH), air temperature (Ta), wind 
speed (Ws), mean sea level pressure (PMSL) and water 
vapor pressure (V) data reported in this paper were 
supplied by SVU-meteorological research station. 

The estimated parameter such as 
extraterrestrial radiation, G0 and the day length in 
hours S0 obtained from the following equations [10].  
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Where:  

T    =   length of day, 24 hours;  

Isc   =   solar constant, 1353 W/m
2
;  

n    =   Julian day number;  

    =   latitude, 26.17
0
; 

H0  =   sunset hour angle;  

  = solar declination given by (Hulstrom and 
Imamura, 1979) [11]: 

 365/)284(360sin45.23 0  n                        (8) 

III. RESULTS AND DISCUSSION 

The data used in this work are arranged in 
graphs such as: daily global solar radiation, Gd and 
clearness index, Gd/G0 (Fig.1), bright sunshine, S and 
the ratio of S/S0 (Fig.2), relative humidity, RH (Fig.3), 
air temperature, Ta (Fig.4), wind speed, Ws (Fig.5) and 

water vapor, V and the ratio of mean sea level 
pressure to V, P (Fig.6). The variation of each 
parameter through the period of the study was 

described. From these graphs the following can be briefly 

summarized: 

A. With respect to Gd (Fig. 1) 

It is clearly that the value of Gd varies from 32.7 
MJm

-2
/day (at the day number 157: June 6) to 10.5 

MJm
-2

 /day (at the day number 93: April 3) in 2001. 
Also its value varies from 32.1 MJm

-2
/day (at the day 

number 176: June 25) to 11.1 MJm
-2

/day (at the day 
number 10: January 10) in 2002. According to the 
astronomical cycle of the earth, the sites situated 
outside the tropics in the northern hemisphere have 
the maximum and the minimum global solar radiation 
at the June solstice (June 20/21) and the December 
solstice (December 20/21), respectively [12]. The 
observed shift is due to the effect of the atmospheric 
conditions.    

Add to, there is a remarkable variation from day to 
day. This fluctuation is also due to the vibration of the 
atmospheric conditions with respect to water content, 
dust and type and amount of clouds, which change 
from hour to hour and day to day (see the fluctuation 
of the clearness index in the same figure and the 
behaviors of S and S/S0 in Fig. 2). 

The variation of the monthly average of Gd is 
shown in table 1. The average values of Gd were from 
30.6 MJm

-2
/day in June to 14.0 MJm

-2
/day in 

December with annual mean was equal to 23.2    
MJm

-2
/day in 2001 and 23.5 MJm

-2
/day in 2002. This 

is due to the astronomical factor. However, the daily 
mean hours of the bright sunshine (S) at June was the 
maximum (12.6 hours) and at December was the 
minimum (9.7 hours). 

B. With respect to RH (Fig. 3) 

 The values of RH change from 67.1% (at the day 
number 12: January 12, 2001) to 11.7% (at the day 
number 148: May 28, 2001) and there is a fluctuation 
of the values of the relative humidity from day to day. 

Moreover the monthly average of the daily values 
of RH is shown in table 1, in which, the maximum and 
minimum values were recorded at January (49.9%) 
and May (22.4%) respectively, with an annual mean 
values was equal to 34.5% in 2001 and 34.0% in 
2002.  

However Qena lies in south between the western 
and eastern desert, its climate is dray especially in 
summer [13].  

C.  With respect to Ta (Fig. 4) 

The daily values of air temperature at Qena during 
the period of this study (2001, 2002) fluctuate from 
day to day.  Its maximum and minimum values were 
40.4 

0
C (at the day number 212: July 31, 2002) and 

9.2 
0
C (at the day number 6: January 6, 2002).  
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Table 1 concludes the monthly average of Ta. These monthly average varied from 34.9 
0
C at August to 14.4 

0
C 

at January, with an annual mean values was equal to 25.8 
0
C in 2001 and 26.2 

0
C in 2002.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig1. Daily variation of Gd and Gd/G0 at Qena during the study period (2001- 2002). 
 

Fig 2. Daily variation of S and S/S0 at Qena during the study period (2001- 2002). 
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Fig 3. Daily variation of RH at Qena during the study period (2001- 2002). 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

  

Fig 4. Daily variation of Ta at Qena during the study period (2001- 2002). 
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Fig 5. Daily variation of Ws at Qena during the study period (2001- 2002). 

 

 

 
Fig  6. Daily variation of V and P at Qena during the study period (2001- 2002). 
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Table 1. Monthly mean of daily values of clearness index (Gd/G0); global solar radiation (Gd); bright sunshine (S); air 
temperature (Ta); relative humidity (RH); wind speed (WS); water vapor pressure (V) and air pressure at 
see level (PMSL) at Qena through the study period (2001-2002). 

Month 

 

Gd/G0 

 

Gd 

(MJm
-2

/day) 

S 

(hr.) 

Ta 

(
0
C) 

RH 

% 

WS 

(Knot) 

V 

(hPa) 

PMSL 

(hPa) 

Jan 0.643 15.2 09.8 14.4 49.9 4.3 08.2 1024.3 

Feb 0.665 18.5 10.0 17.5 41.1 4.9 08.2 1015.8 

Mar 0.699 23.1 10.2 23.1 33.4 5.2 09.3 1011.2 

Apr 0.699 26.2 10.3 26.8 25.7 5.3 08.9 1015.6 

May 0.740 29.5 11.9 30.7 22.4 6.7 09.7 1013.9 

Jun 0.753 30.6 12.6 32.8 24.3 6.3 11.9 1011.6 

Jul 0.739 29.6 12.4 34.8 27.4 6.2 14.9 1003.8 

Aug 0.723 27.4 11.8 34.9 28.3 7.1 15.6 1010.8 

Sep 0.717 26.0 11.0 33.8 27.3 9.0 14.0 1008.0 

Oct 0.665 18.4 10.5 24.4 45.5 7.6 13.7 1017.5 

Nov 0.659 16.0 10.0 21.4 47.2 4.6 11.9 1021.2 

Dec 0.631 14.0 09.7 17.7 45.6 4.6 09.1 1029.0 

Mean 0.694 22.9 10.9 26.0 34.9 6.0 11.28 1015.2 

 

As mentioned in Trabea et al. (2000) [7], the high 
value of the monthly mean of Ta reflects the behavior 
of the subtropical region.  

D. With respect to Ws (Fig. 5) 

 The values of Ws change from 13.5 knot (at the 
day number 246: September 3, 2002) to 1.8 knot (at 
the day number 16: January 16, 2002) and there is a 
fluctuation in its values from day to day. 

The monthly average of Ws was calculated as 
given in Table 1. The maximum and minimum values 
were founded at September and January (9.0 and 4.3 
knot respectively) with an annual mean value was 
equal to 5.4 knot in 2001 and 5.7 knot 2002. 

At the region of this study the winds are light most 
of the year. This is agreeing with the previous work in 
the study area [13].  

E. With respect to V (Fig. 6) 

This figure shows the vibration of V and refers to 
its maximum and minimum values (21.3 hPa: at the 
day number 214, August 2, 2002 and  4.9 hPa: at the 
day number 49, February 20, 2002) through the 
period of this study.  

The annual mean values were 11.0 hPa (2001) 
and 11.2 hPa (2002). 

Finally, it is clear that: 

The variation of daily values of Gd, S, Ta, V, and P 
has the same trend, but values of RH have opposite 
trend. 

The variation of Gd/G0 and S/S0 has the same 
trend and, approximately, has a similar trend of V and 
P.   

 The variation of Ws is not similar to Gd/G0 or Gd but 
the important of this parameter is due to its effect in 
the aerosols of the atmosphere which effect on the 
global solar radiation. When the winds are light that 
may favour the accumulation of urban dust in the 
atmosphere. However, there are several reasons for 
airborne dirt in the atmosphere of Qena. The main 
source are:  sands and soil from the western and 
eastern hills which overlook the city; dusty roads with 
incomplete garbage removal and the influence of man 
such as agriculture, automobiles and industry [13]. 

 The various meteorological parameters shown in 

table 1 are all related to global solar radiation in 

varying degrees. In order not to overlook any particular 

parameters or group of parameters, multiple linear 

regression analysis of seven parameters (Ta, RH, S/S0, 

S, V, P and Ws) was employed to estimate Gd/Go. The 
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various linear regression analyses are as follows; one 

variable correlations, tow variable correlations, three 

variable correlations, four variable correlations, five 

variable correlations and six variable correlations. For 

a better analysis of the developed correlations we look 

at those relations that have higher values of correlation 

coefficients (R) and smaller values of the standard 

error of estimation (SE). The forms of the empirical 

models with a good multiple correlation coefficients are 

given briefly below while the remainders have a lower 

value of R and can be neglected. 

00

363.00366
S

S

G

Gd                                                                                                          (with R=0.600 and SE=0.049)     (9) 
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G
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d 192.2003.0003.0003.00262.0117.0428.0
00

            (with R=0.913 and SE=0.025)           (15)         

From these equations, one can notice that Eq.15 
has the highest value of R  (0.913) and the smallest 
value of SE. Estimating Gd/Go values for Qena location 
used in the analysis tests the applicability of the 
proposed correlations in predicting Gd/Go. However a 
comparison between the measured and the estimated 
values of Gd are done. The values of daily global solar 
radiation were estimated by the empirical models (Eqs. 
9-15) and compared with the corresponding measured 
values of a new data at Qena during 2003 (182 days) 
and 2004 (82 days). 

The results are illustrated in Fig. 7. This figure 
shows a small deviation between the measured and 
the calculated values during this period. However a 
linear regression between the measured and the 
calculated data was performed for each model. The 
correlation coefficients (r) between the measured and 
estimated data were more than 0.98 for each model. 
Moreover the values of daily global solar radiation 
were estimated by use some other models such as 
Trabea et al. (2000) [7] and Page (1961) [14] see 
Fig.7. The correlation coefficients (r) between the 
measured and estimated data were 0.87 and 0.98 
respectively.  

IV. CONCLUSIONS 

The variation of daily global solar radiation and 
different meteorological parameters such as sunshine 
duration, relative humidity, air temperature, water 
vapor pressure, and mean sea level pressure are 
presented and analyzed for Qena Upper Egypt. The 
multiple correlation and regression coefficients have 
been estimated in this study to develop several 
correlation equations used to describe the dependence 
of daily global solar radiation on other meteorological 
data for Qena location000. Even though up to six 
variable correlations has been developed, it is 
observed that the six variable correlations which is one 
of the equations with the highest value of R. From the 
above results and considerations, the values of R and 
SE vary between 0.913 (Eq.15) and 0.600 (Eq.9) and 
0.025 (Eq.15) and 0.049 (Eq.9) respectively. Moreover 
a good agreement between our models values, Page 
(1961) [14] model and new measurements which were 
not used in its deduction, confirms its performs in our 
region. This means these empirical models are 
suitable to be used in calculating the daily global solar 
radiation when the metrological data such as; Ta, RH, 
S/S0, S, V, P, Ws are available.  
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Fig 7. Comparison between measured (Gd) and estimated (Gd)cal values of daily 
global solar radiation. 
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(Gd)Trabea et al . 2000  = 0.94Gd+ 1.88, r= 0.86

(Gd)Page 1961 = 0.94Gd+ 1.27,    r = 0.98

(Gd)Eq.15 = 1.10Gd - 1.56,    r = 0.98
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