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ABSTRACT: Estimations of global solar radiation based on a model of using normalized clearness index and 

normalized sunshine duration for a period of up to 25 years (1985-2010) for Ikeja (06.39°N, 03.20°E), Enugu (06.280N, 

07.350E), and Kano (12.03 N, 08.32E), Nigeria for each climatological stations were established. The monthly average 

total solar radiation was also estimated. The reliability index of the calculation varies from 2.4 to 2.6 percent. The 

overall results show that for Kano, the received radiation on the plane surface is higher than for Ikeja and Enugu. 
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Solar radiation is the energy that comes from the sun 

which generate huge amount of energy through the 

process of nuclear fusion. Solar radiation is the 

ultimate control of weather and climate because it is 

the only source of the earth’s energy. Energy sources 

are vital and essential ingredients for all human 

transactions and without them human activities of all 

kinds will not be progressive at all. Knowledge of the 

solar radiation is essential for many applications, 

including architectural design, solar energy systems, 

crop growth models and evapotranspiration estimable. 

The global solar radiation on horizontal surface at the 

location of interest is the most critical input parameter 

employed in the design and prediction of the 

performance of solar energy device. (Hussain, et al, 

1999). Global solar radiation is an important 

parameter necessary for most ecological models and 

serves as input for different photovoltaic conversion 

system; hence, it is of economic importance to 

renewable energy alternative. The solar radiation 

reaching the earth’s surface depends on the climatic 

condition of the specific site location, and this is 

essential for accurate prediction and design of a solar 

energy system (Burari and Sambo, 2001).  

 

MATERIALS AND METHODS 
The monthly parameters of solar radiation, sunshine 

duration, maximum temperature and minimum 

temperature from 1985-2005 were obtained at Nigeria 

Meteorological station Oshodi for Ikeja, Enugu and 

Kano synoptic stations, Nigeria. The duration of solar 

radiation, which is the most important data for 

meteorological models, has been studied in the present 

work for Ikeja, Enugu, and Kano; the geographical 

positions for which are given in Table 1 below. 

 
Table 1: Geographical location of the stations. 

Station Latitude Longitude 

Ikeja 06.39°N 03.20°E 

Enugu 06.28°N 7.35°E 

Kano 12.03°N 8.32°E 

 

 

 
Fig 1: map of Nigeria showing studying stations and the distance 

between them 

 

Various climatic parameters have been used in 

developing empirical relations for predicting the 

monthly average global solar radiation. Among the 

existing correlations, the following relation is the 

generally accepted modified form of the Angstrom-

type regression equation, relating the monthly average 

daily global radiation to the average daily sunshine 

hours and is given as: 
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Regression Equation above has been found to 

accurately predict global solar radiation in several 

locations. Here H is the measured monthly average 

daily global radiation on a horizontal surface (MJm−2 

day−1), H0 is the monthly average daily extraterrestrial 

radiation on a horizontal surface (MJm−2 day−1), S is 

the monthly average daily number of hours of bright 

sunshine, S0 is the monthly average daily maximum 

number of hours of possible sunshine (or day length) 

and a; b are regression constants to be determined. 

(Angstrom AS, 1924). The regression coefficient a 

and b are empirical constant obtained from the 

relationship given as 

 

 
(Tiwari and Sangeeta, 1997) 

 

The accuracy of the estimated values was tested by 

calculating the Mean Bias Error (MBE), Root Mean 

Square Error (RMSE), and Mean Percentage Error 

(MPE). The expressions for the MBE (MJm-2 day−1), 

RMSE (MJm-2 day−1), and MPE (%) is stated as 

Equation 4 - 6 

 

 

 
Where Hi, cal and Hi, meas is the ith calculated (predicted) 

and measured values and n is the total number of 

observations. Iqbal (1983), Halouani (1993), and 

Almorox (2005) have recommended that a zero value 

for MBE is ideal and a low RMSE is desirable. The 

RMSE test provides information on the short- term 

performance of the studied model as it allows a term 

by term comparison of the actual deviation between 

the calculated values and the measured values. The 

MPE test gives long term performance of the 

examined regression equations, a positive MPE values 

provide the averages amount of overestimation in the 

calculated values, while the negative values gives 

underestimation. A low value of MPE is desirable by 

Akpabio et al., (2002). The correlation coefficients r 

between estimated and measured radiation values was 

defined by 

 
 

Where He is the arithmetic mean value of the m 

estimated values of the global solar radiation and Hm 

is the arithmetic mean value of the M measured values 

of the global solar radiation. M is the total number of 

observation points for the measured values of the 

global solar radiation and m is the total number of 

predicted points for the estimated values of the global 

solar radiation. The extraterrestrial solar radiation on a 

horizontal surface were calculated from the following 

equation given by Iqbal (1983) as follows:  

 
 

Where Isc is the solar constant, E0 is the eccentricity 

correction factor, φ is the latitude, δ is the solar 

declination, Ws is the hour angle.  The expressions for 

Isc, E0, δ and Ws are given by Iqbal (1983). The value 

of 1367 W/m2 has been recommended for solar 

constant. 
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The eccentricity correction factor equation developed 

by Iqba (1983) is given as 

 
Where N is the Julian day (day number ranging from 

N = 1 on 1st January to N = 365 on 31st December). 

An approximate equation developed for the 

declination of the sun, which was presented by Igbal 

(1983) is given as; 

 
The hour angle Ws for horizontal surface is given as, 
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Where φ is the latitude and δ is the solar declination 

angle. 

 

The day length S0 is the number of hours of sunshine 

or darkness within the 24 hours in a given day. It is 

also referred to as the maximum possible sunshine 

duration. For a horizontal surface it is given by 

 
 

RESULTS AND DISCUSSIONS 
From Figure 2, 3, 4 the maximum values of global 

solar radiation appears in  April, May and April with 

13.89 MJm-2 day-1, 14.70 MJm-2 day-1 and 19.24 MJm-

2 day-1 for Ikeja, Enugu and Kano respectively during 

dry season while minimum values of 8.92 MJm-2 day-

1,  9.81 MJm-2 day-1 and 15.90 MJm-2 day-1 were 

observed in July, August and December for Ikeja, 

Enugu and Kano respectively during wet season. It is 

observed also that the sunshine duration is up to 65 

percent throughout the year for the three locations. The 

analysis of the measured and calculated H shows that 

for all locations, the maximum values of global solar 

radiation are observed in April while the minimum 

values appeared around August. The observed value 

changes for these sites depend largely on their 

geographical locations. Furthermore, in order to relate 

the observed values of clearness index with sunshine 

duration, the parameters  employing the regression 

constant “a” and “b” are evaluated and inserting the 

values in Equation (1) to estimate the monthly average 

daily global solar radiation H . These values are fitted 

in an empirical equation as follows: 
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For testing of the performance, a statistical analysis of 

the results was performed for the RMSE, MBE, and 

MPE which represent the fundamental measured 

accuracy of the data. While MPE is the reliability 

index as given in Table 2, the MPE ranging from 2.4 

to 2.6 is a very good reliable index to the present 

calculation. Also, correlation coefficients (0.5 - 0.9) 

are high for all of the variables of the locations. This 

implies that, there are statistically significant 

relationships between the clearness index and relative 

sunshine duration. 

 
Fig 2: Monthly variation of Hmeas (MJm-2 day-1), Hest (MJm-2 day-1), 

S (hr), Tmax (
0C) and Tmin (

0C) for Ikeja (1985-2010).  

 

 
Fig. 3: Monthly variation of Hmeas (MJm-2 day-1), Hest (MJm-2 day-1), 

S(hr), Tmax (
0C) and Tmin (

0C) for Enugu (1985-2010). 

 

 
Fig 4: Monthly variation of Hmeas (MJm-2 day-1), Hest (MJm-2 day-1), 

S (hr), Tmax (
0C) and Tmin (

0C) for Kano (1985-2010). 

 
Table 2: Regression coefficient and reliability index 

Site a b MBE RMSE MPE r 

Ikeja 0.28 0.61 0.0071 3.356 2.443 0.500 

Enugu 0.47 0.28 0.308 3.692 2.200 0.857 

Kano 0.63 0.32 -0.294 3.126 2.645 0.957 

 

Conclusion: The performance of the model developed 

was investigated. It was found that global radiation 

calculated from the model is in good agreement with 
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that obtained from measurement. The monthly average 

daily clearness index H / Ho and the relative possible 

sunshine duration      S / So for the selected locations 

have been proposed. It is concluded that the 

correlation proposed for these site can be used 

successfully for estimation of H for any location of 

Nigeria with similar meteorological characteristics. 
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