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ABSTRACT 
 
An accurate knowledge of the solar radiation distribution at a particular geographical location is of vital 
importance for the development of many solar energy devices and for estimates of their performance. In this paper, 
the measured data of global solar radiation on a horizontal surface and number of bright sunshine hours for Kebbi 
(Latitude 12.47ºN, Longitude 4.3ºE, Altitude 205m above the sea level) were analyzed. Regression constants for the 
first order Angstrom-type correlations for Kebbi was calculated and developed using the method of regression 
analysis. The monthly calculated clearness index and monthly sunshine duration were correlated and modeled using 
four sunshine-based models i.e. linear, quadratic, exponential and power equations. Comparing these models, it was 
observed that the quadratic equation model  performed better in terms  of coefficient of determination(R²) and 
correlation coefficient (r) than the other three models,  given R² = 100% and r = 1.00 
 
Keywords: Measured global solar radiation, calculated global solar radiation, Clearness index, Sunshine duration, 
Kebbi, regression analysis. 
_____________________________________________________________________________________________ 
 

INTRODUCTION 
 

Solar radiation has been identified as the largest renewable resource on earth. The energy source is more evenly 
distributed in the Sunbelt of the World than wind or biomass, allowing for more site locations [1]. The maximum 
intensity of solar radiation at the earth's surface is about 1.2 kW/m2 but it is encountered only near the equator on 
clear days at noon. Under these ideal conditions the total energy received is from 6-8 kWh/m2 per day [2-4]. Solar 
energy is not available continuously because of the day/night cycle and cloud cover. Its intensity varies according to 
season, geographical location, and position of the collector [5]. 
 
Studies on solar radiation have become an important issue for renewable energy issues stemming from oil crises, 
global warming and other environmental problems, thus increasing the need of reliable measurements of surface 
solar radiation [6]. 
 
Solar radiation was historically monitored by measuring the sunshine duration with Campbell-Stokes recorders. An 
estimate of the global solar radiation was then obtained through the well-known Angstrom–Prescott equation [7-8]. 
Although pyranometers are nowadays available to directly measure the global solar radiation, the sunshine duration 
is still an essential climatological parameter that is still monitored in many meteorological stations in order to extend 
the historical time series [9]. 
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[7] proposed first theoretical model for estimating global solar radiation based on sunshine duration. [10] and [8] 
reconsidered this model in other to make it possible to calculate monthly average of the daily global solar radiation 
on a horizontal surface from monthly average daily total insolation on an extraterrestrial horizontal surface. [11], for 
Turkey [12], for Bahrain [13], for Greece [14], for Spain [15], for Sri Lanka [16] and others have developed the 
modified versions of fundamental Angstroms empirical relations based on sunshine duration. [17] and [18], [19], 
[20] and others have proposed the estimate model based on temperature multi parameter models (MPM) were given 
by [21], for Egypt, [22], for Nigeria, [23], for India, [24], for Zimbabwe, [25], for Egypt and [26], [27], Elazing for 
Turkey and for Krygyztan, etc; for estimating the global solar radiation based on longitude, latitude, altitude and 
routinely available meteorological parameter such as minimum maximum temperature, relative humidity, rainfall, 
cloudiness and wind speed data. [28], [29], [30-32], have explored the estimation model for India, Africa, World and 
observed usefulness of these meteorological parameters for global solar radiation (GSR) estimation review of some 
literature reviews reveals that mostly the efforts are to develop an estimation model for a single location or a group 
of locations for a small region. Therefore, there exists a clear scope for the development of a global estimation 
model describing the wider area of the World. Iranna-Bapat’s models help partially in deriving solar radiation data 
for large area on the earth surface [32]. 
 
A lot of researchers have developed a correlation involving global solar radiation and sunshine hours of different 
locations in Nigeria. For example [33] developed a linear and quadratic equations for Benin, Ibadan and Samaru, 
[34] also developed a linear relation for Northern Nigeria., [35] developed the linear relation for Bauchi, [36] 
developed a quadratic relation for Calabar, Port Harcout and Enugu, [37] developed a model for Ilorin, [38] and [39] 
developed models for Onne. It is observed that the regression coefficients are not universal but depend on climatic 
conditions and the nature of the pollutants of the environments [40]. 
 
 Hence, the essence of this study is aimed at developing an Angstrom-type of empirical correlation model for the 
estimation of global solar radiation and as well as using four sunshine-based models for Kebbi and other 
surrounding towns of similar meteorological conditions. 
 

MATERIALS AND METHODS 
 

In this present study, data of the monthly mean of daily global solar radiation and sunshine duration from Nigeria 
Meteorological Agency (NIMET) Abuja, Nigeria for Kebbi location were collected and utilized. The data obtained 
cover a period of fifteen years (1990-2005) for Kebbi (Latitude 12.47ºN, Longitude 4.3ºE and altitude 205 meters) 
 

The first correlation proposed for estimating the monthly average daily global radiation is based on the method of 
[7]. The original Angstrom-Prescott type regression equation-related monthly average daily radiation to clear day 
radiation in a given location and average fraction of possible sunshine hours is given by 
 

o o

H S
a b

H S

 
= +  

 
                                                                                                                                                     (1) 

 

where H  is the monthly average daily global radiation on a horizontal surface (MJ/m² /day), OH  the monthly 

average daily extraterrestrial radiation on a horizontal surface (MJ/m² /day), S  the monthly average daily hours of 

bright sunshine, OS  the monthly average day length, and “a” and “b” values are known as Angstrom constants and 

they are empirical. The monthly average daily extraterrestrial radiation on a horizontal surface (OH ) can be 

computed from the following equation (2) [41]: 
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Where ��� is the solar constant (=1367 W m-2), φ  the latitude of the site, δ the solar declination, 
sw  the mean 

sunrise hour angle for the given month, and n the number of days of the year starting from the first of January. The 

solar declination (δ) and the mean sunrise hour angle (
sw ) can be calculated by the following equations [41]: 

equations (3) and (4) respectively in equation (2): 
 

284
23.45sin 360

365

nδ + =  
 

                                                                                                                                (3) 

( )1 tan tan
S

Cosw φ δ−= −                                                                                                                                    (4)   

 

For a given month, the maximum possible sunshine duration (monthly average day length (
os ) can be computed 

by using the following equation [41]: 

2

15o Ss w=                                                                                                                                                               (5) 

 
Then, the monthly mean of daily global radiation H was normalized by dividing with monthly mean of daily 

extraterrestrial radiation OH . We can define clearness index ( )TK  as the ratio of the observed/measured horizontal 

terrestrial solar radiation( )H , to the calculated/predicted horizontal/extraterrestrial solar radiation ( )OH  or 

clearness index ( )TK  gives the percentage deflection by the sky of the incoming global solar radiation and 

therefore indicates both level of availability of solar radiation and changes in atmospheric conditions in a given 
locality [42], [40]                                                                                               
             

O

T

H
K

H
=                                                                                                                                                                   (6) 

                                                                                                                                                                            

 In this study, OH  and OS  were computed for each month by using Equations (2) and (5), respectively. The 

regression coefficients a and b in Equation (1) have been obtained from the graph of 

O O

H S
against

H S
 . The 

values of the monthly average daily global radiation H and the average number of hours of sunshine were obtained 
from monthly measurements covering a period of 15 years. The regression coefficient a and b from the calculated 
monthly average global solar radiation has been obtained from the relationship given as [43]:  
 

0.110 0.235cos 0.323
O
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S
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= − + +  

 
                                                                                                             (7) 

 

1.449 0.553cos 0.694
O

S
b

S
φ

 
= − −  

 
                                                                                                                (8) 

 
To compute estimated values of the monthly average daily global radiation  CalH  , the values of computed a and b 

from equations (7) and (8) were used in Equation (1) [44].      
 
Four models were selected for this study. They are [8], [45], [46] and [47] models of estimation of monthly mean of 
daily horizontal global solar radiation as summarized in the Table below: 

Table 1: Sunshine-based models 
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Model no Regression Source 
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 Ogelman et al., (1984) 
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El- Metwally (2005) 

4 

b

o o

H S
a

H S

 
=  

 
 Bakirci (Exponential)(2009) 

 
Sunshine-based models  
The most commonly used parameter for estimating global solar radiation is sunshine duration. Sunshine duration 
can be easily and reliably measured, and data are widely available at the weather stations. Most of the models for 

estimating solar radiation that appear in the literature only use sunshine ratio (

O

S

S
) for prediction of monthly 

average daily global radiation [48]. 
 
1). Angstrom – Prescott model. 
 
 [8] model is the most commonly used model as given by:  
 

o o

H S
a b

H S

 
= +  

 
                                                                                                                                                     (9) 

 
Where H is the global solar radiation, HO the extraterrestrial solar radiation, S the actual sunshine hour, SO 
maximum possible duration, a and b are empirical coefficients. HO and SO were calculated using equation (2) and 
(5). 
 
2). Ogelman et al model. 
 Following the presented equation has been presented by Ogelman for estimating global solar radiation [45] 
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(10) 
 
Where a,b and c are empirical coefficients.  
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3). El-Metwally model. 
El-Metwally developed following model for estimating global solar radiation[46].    

1

SO

O

S

H
a

H

 
 
 
 
  
  
  
  =                                                                                                                                                           

(11) 
                                                                                                                                      
Where a is empirical coefficient.   
 
4). Bakirci (exponential) (2009) model. 
 
Bakirci developed the following model for global solar radiation prediction [47]:  
 

 

b

o o

H S
a

H S

 
=  

 
                                                                                                                                                       (12) 

 
Where a and b are empirical coefficients.  
 

Table 2: The input Meteorological parameters for Kebbi for the period of fifteen years   (1990 - 2005) 
 

Months Hcal H₀ S S₀ Hcal/H₀ S/S₀ 
Jan 18.80 29.49 7.71 11.28 0.6373 0.6834 
Feb 20.13 31.83 7.63 11.46 0.6322 0.6660 
Marc 20.62 34.30 6.82 11.74 0.6010 0.5809 
Apri 23.81 38.31 7.67 12.10 0.6215 0.6336 
May 24.54 39.47 7.89 12.44 0.6217 0.6344 
Jun 23.98 38.60 8.03 12.68 0.6214 0.6333 
Jul 21.53 37.84 6.53 12.73 0.5689 0.5132 
Aug 20.10 38.74 5.36 12.56 0.5189 0.4269 
Sept 23.19 38.96 6.95 12.24 0.5952 0.5676 
Oct 23.21 36.55 8.03 11.89 0.6350 0.6753 
Nov 20.88 32.05 8.56 11.55 0.6514 0.7412 
Dec 18.36 28.57 7.96 11.32 0.6427 0.7032 

 
Table 3: Summary of monthly mean average of regression constants, extraterrestrial solar radiation, measured and calculated values, 

measured and calculated clearness index for Kebbi   (1990 - 2005) 
 

Months a b H₀ Hm Hcal Hm/Ho Hcal/Ho 
Jan 0.34 0.43 29.49 34.55 18.80 1.1715 0.6373 
Feb 0.33 0.45 31.83 36.54 20.13 1.1478 0.6322 
Marc 0.31 0.51 34.30 38.92 20.62 1.1346 0.6010 
Apri 0.32 0.47 38.31 38.71 23.81 1.0105 0.6215 
May 0.32 0.47 39.47 36.04 24.54 0.9130 0.6217 
Jun 0.32 0.47 38.60 33.36 23.98 0.8644 0.6214 
Jul 0.29 0.55 37.84 31.51 21.53 0.8328 0.5689 
Aug 0.26 0.61 38.74 30.84 20.10 0.7962 0.5189 
Sept 0.30 0.52 38.96 31.74 23.19 0.8146 0.5952 
Oct 0.34 0.44 36.55 33.65 23.21 0.9207 0.6350 
Nov 0.36 0.39 32.05 35.38 20.88 1.1038 0.6514 
Dec 0.35 0.42 28.57 35.03 18.36 1.2263 0.6427 
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Table 4: Calculated monthly mean global solar radiation, input parameters and modeled values (1-4) for Kebbi for the period of fifteen 

years (1990-2005) 
 

Months Hcal H₀ S S₀ Hcal/H₀ S/S₀ model 1 model 2 model 3 model 4 
Jan 18.80 29.49 7.71 11.28 0.6373 0.6834 0.6382 0.6373 0.6530 0.2988 
Feb 20.13 31.83 7.63 11.46 0.6322 0.6660 0.6309 0.6322 0.6457 0.2933 
Marc 20.62 34.30 6.82 11.74 0.6010 0.5809 0.5952 0.6010 0.6057 0.2661 
Apri 23.81 38.31 7.67 12.10 0.6215 0.6336 0.6173 0.6215 0.6315 0.2831 
May 24.54 39.47 7.89 12.44 0.6217 0.6344 0.6176 0.6218 0.6318 0.2833 
Jun 23.98 38.60 8.03 12.68 0.6214 0.6333 0.6172 0.6214 0.6313 0.2830 
Jul 21.53 37.84 6.53 12.73 0.5689 0.5132 0.5667 0.5690 0.5669 0.2435 
Aug 20.10 38.74 5.36 12.56 0.5189 0.4269 0.5305 0.5189 0.5054 0.2135 
Sept 23.19 38.96 6.95 12.24 0.5952 0.5676 0.5896 0.5952 0.5986 0.2617 
Oct 23.21 36.55 8.03 11.89 0.6350 0.6753 0.6348 0.6350 0.6496 0.2963 
Nov 20.88 32.05 8.56 11.55 0.6514 0.7412 0.6625 0.6514 0.6750 0.3166 
Dec 18.36 28.57 7.96 11.32 0.6427 0.7032 0.6465 0.6427 0.6609 0.3049 

 
 

  

Figure 1: Variation of clearness index with respect to sunshine hours for Kebbi(1990 - 2005) 
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Figure 2:Correlation of monthly variation of Hcal/Ho and S/So for Kebbi (1990 - 2005) 

 
 

 

 
Figure 3: Angstrom - Prescott (1940) model fitting for variation of clearness index (Hcal/Ho) 

versus relative sunshine duration(S/So) for Kebbi(1990 - 2005) 
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Figure 4: Ogelman etal (1984) model fitting for variation of clearness index (Hcal/Ho) 

versus relative sunshine duration(S/So) for Kebbi(1990 - 2005) 
 
 

    
 

 
Figure 5: El-Metwally(2005) model fitting for variation of clearness index (Hcal/Ho) 

versus relative sunshine duration(S/So) for Kebbi(1990 - 2005) 
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Figure 6: Bakirci(exponential)(2009) model fitting for variation of clearness index (Hcal/Ho) 

versus relative sunshine duration(S/So) for Kebbi(1990 - 2005) 
 

  

  

 
Figure 7: The comparison between calculated clearness index and four modeled values for Kebbi  (1990-2005) 

 
RESULTS AND DISCUSSION 

 
The extraterrestrial solar radiation HO (MJ/M2/day) and the monthly day length SO (hr) were computed for each 
month using equations (2) – (5), the input parameters for the calculation of the mean monthly global solar radiation 
for Kebbi (1990- 2005) are shown in the Table 2. It is observed that sunshine duration is above 55 per cent 
throughout the year with exception of the months of July- August (cf.table 2). Using these parameters, the regression 
constants ‘a’ and ‘b’ evaluated as 0.351 and 0.420 respectively. Substituting these values into equation (1), we now 
established the empirical correlation for the estimation developed for Kebbi as 
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0.351 0.420cal

o o

H S

H S

 
= +  

 
                                                                                                                                 (13) 

 
The coefficient of determination, R2, (97.40%) obtained for this analysis shown in Figure 1, i.e., the model best fits 

the data. The value of cal

o

H

H
  (= 0.5189) corresponding to the lowest value of  

o

S

S
  (= 0.4269) and Hcal  

(20.10MJ/m2/day) in the month of August  is an indication of poor sky condition. These conditions correspond to the 
general wet or rainy season (June – September) observed in Nigeria, during which there is much cloud cover. 
 
The regression constants (Table 3), a and b of different months were evaluated from equations (7) – (8). To compute 
the calculated values of the mean monthly average of global solar radiation Hcal , the values of a and b were inserted 
into equation (1) and  the correlation  may be used to compute Hcal at other locations having the same altitude. 
Looking at these values of measured and calculated clearness indexes; it is observed that both of them had the 

lowest values in the month of August. (Throughout the year) meas

o

H

H
 (= 0.7962),  cal

o

H

H
 (= 0.5189) with Hmeas 

(30.84 MJ/m2/day) and Hcal (= 20.10 MJ/m2/day) which can be traced to the meteorological conditions for Kebbi.  
 
The correlation of monthly variation of calculated clearness index and sunshine fraction for Kebbi for the period of 
fifteen years is shown in Figure 2. Though there is similarity in both patterns, however, there is significance 
difference in the values of both parameters. It is observed clearly that there is a defined trough in the curves in the 
months of July – August. This is an indication that the atmospheric condition of Kebbi and its environs was at a poor 
state in which the sky was not clear. The value of the clearness index and the relative sunshine duration in Table 2 
were observed to be 0.5189 and 0.4269 respectively. The results suggest that the rainfall in Kebbi is at peak during 
the month of July – August when the sky is cloudy and the solar radiation is fairly low. However, just immediately 
after the August minimum, the clearness index and the relative sunshine duration increased remarkably with the 
cloud cover crossing over the clearness index. Both the values of the clearness index and relative sunshine duration 
in November reached peaks at 0.6514 and 0.7412 respectively. This implies that a clear sky will obviously fell 
within the dry season and hence a high solar radiation is experienced. Obviously, this is generally the dry season 
period in Nigeria. 
 
The calculated monthly mean global solar radiation, input parameters and four modeled values  for kebbi for the 
period of fifteen years (1990 - 2005) are shown in table 4 and the comparisons between calculated clearness index 
and the four modeled values for Kebbi was also observed in Figure 7 above. It was clearly shown that from January 
– April, model 1 under estimated the calculated clearness index but model 2 gave 100% of the calculated clearness 
index while model 3 overestimated more than the model 2 at the months of January – June. At the month of May, 
models 1 and 2 gave almost the same results and models 1, 2 and 3 also gave almost the results in the month of July. 
From the of months of August – October, it was observed that model 3 gave 100% of the clearness index while 
model 1 overestimated  at the month of August and gave almost 100% in the month of September. However, in 
model 4, we observed that it was underestimated for all the months of the year. At the month of November, model 1 
and 3 was overestimated; model 2 gave 100% while model 4 was too low. Lastly, model 2 gave 100% of the 
calculated clearness index at the month of December. 
 
Therefore, it can be concluded that model 2 is the best out of the four models of the sunshine-based models for 
Kebbi because it gave 100% of the calculated clearness index for all the months of the year. Both model 1 and 2 
performed correctly in the month of May while model 4 underestimated for all the months of the year. 
 
In the sunshine-based models proposed for this study, four models were used to show the validation of relative 
sunshine duration and clearness index for Kebbi for the period of fifteen years (1990 - 2005). Figure 3-6 show the 
results of the performance of each model in terms of regression of coefficient (R²), correlation coefficient (r). The 
empirical correlation models were also developed for the four sunshine-based models for Kebbi (1990 - 2005). The 
results for the four sunshine-based models were summarized below: 
 
1. The empirical correlation for [8] model in equation (9) was  
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0.3513 0.4198cal
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                                                                                                                            (14) 

                                                                                       
The coefficient of determination, R2 (97.40%) obtained for this analysis shows that the model is excellently fits for 
the data (Figure3). 
 
2. The empirical correlation model for [45] model in equation (10) was 
 

2

0.1195 1.232 0.694cal

o o o

H S S

H S S

   
= + −   

   
                                                                                                    (15) 

 
The coefficient of determination, R2 (100%) obtained for this analysis shows that the model is excellently fits for the 
data (Figure 4). 
 
3. The empirical correlation model for [46] model in equation (11) was 
 

1

0.747 O

S

Scal

o
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H

 
 
 

 
 

=  
  
 

                                                                                                                                             (16) 

                                                     
The coefficient of determination, R2 (98.80%) obtained for this analysis shows that the model is excellently fits for 
the data (Figure 5). 
 
4. The empirical correlation for Bakirci [47] model in equation (12) was 
 

0.714

0.392cal

o o

H S

H S

 
=  

 
                                                                                                                                         (17) 

                                  
The coefficient of determination, R2 (96.20%) obtained for this analysis shows that the model is excellently fits for 
the data (Figure 6).     
 
In summary, model 2 performed excellently in term of both coefficient of regression (R²) and correlation coefficient 
(r) than model 1, 3 and 4 while model 3 performed better than model 1 and model 4 having 98.80% coefficient of 
determination. 
 

CONCLUSION 
 

Kebbi is endowed appreciable with solar radiation and large rural dwellers lived in villages without proper 
infrastructure to develop an electricity grid, the use of PV is seen as attractive alternative because of its modular 
features, namely, its ability to generate electricity at the point of use, its low maintenance requirements and its non-
polluting characteristics. Solar radiation models are desirable for designing solar- energy systems and good 
evaluations of thermal environments in buildings. This study employed a Angstrom model for predicting global 
solar radiation in Kebbi. The global solar radiation data set for Kebbi for the period of fifteen years (1990 - 2005) 
was analyzed using a regression technique in order to correlate the calculated clearness index and normalized 
relative sunshine duration with four sunshine-based models. Hence, the study resulted in the development of 
empirical correlation model for Kebbi and as well as the four sunshine-based models. Since no research regarding 
the potential of solar energy has been done prior to this work, this study will be very helpful to use these resources at 
Kebbi. It was observed that model 2(quadratic equation) performed better for estimating global solar radiation for 
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Kebbi than model 1(linear), 3(power), and 4(exponential) equations because it has both higher regression of 
coefficient and correlation coefficient.  
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