
Adukpo and Akpan: Estimation of horizontal global 
 solar radiation in parts of Ghana 

World Journal of Applied Science and Technology, Vol.4.  No.1 (2012). 20-29  20 

ESTIMATION OF HORIZONTAL GLOBAL SOLAR 
RADIATION IN PARTS OF GHANA, WEST AFRICA  

 
ADUKPO1, D. C.  AND AKPAN2*, U. E.   

1Department of Physics,  
University of Cape Coast, Ghana  

2Department of Physics, University of Uyo, Nigeria 
udosenakpan@yahoo.com* 

*Corresponding author  
 
ABSTRACT: Estimation of monthly average daily horizontal global solar 
radiation from sunshine hours for six locations in Ghana, West Africa has 
been made. The data of sunshine hours used for the estimation were taken 
between 2004 and 2009. The estimation made was based on Igbal’s, 
Gariepy’s and Rietveld’s models. The locations were selected from three 
geographical regions of the country: Costal, Middle Belt and Northern 
regions. Comparison based on the difference in range of estimation per 
region shows that Gariepy’s model gives the best estimation for locations in 
the Northern region with 11.40MJ/m2/day and 16.38MJ/m2/day minimum 
and maximum estimation respectively and in the Middle Belt region with 
12.27MJ/m2/day and 19.19MJ/m2/day minimum and maximum estimation 
respectively; while Igbal’s model gives best estimation in the Coastal region 
with 15.16MJ/m2/day and 19.19MJ/m2/day minimum and maximum 
estimation respectively. Rietveld’s was considered to give the worst 
estimation in each of the regions. 

 
INTRODUCTION 

Fossil fuel and coal are predominantly used in Ghana to meet the energy need of the country. 
This has a far reaching effect on the global climate change. Fossil fuel and coal when in use, 
contribute largely to the global warming as it releases carbon dioxide as one of the greenhouse 
gases into the atmosphere. In other to minimize these anthropogenic activities there is need to 
deliberately develop an alternative source of energy in the country. Solar energy stands out as 
one of the most important renewable and sustainable energy source. Solar energy is not only 
environmental friendly, but it is almost a risk free source of energy in connection with human, 
ecological and aquatic life. Ghana as one of the countries in the tropical regions of the world 
has enormous solar energy potential such that if properly harnessed can support adequately the 
energy need of the country. In view of curbing environmental degradation occasioned by the 
current source of energy need, concerted effort must be put in place to use the renewable 
energy source.  
 
This work is concerned with the estimation of horizontal monthly mean of daily global solar 
radiation using sunshine radiation. Three models of estimation are employed with the view of 
establishing the most suitable model of prediction in six different locations in Ghana where no 
measurement of solar radiation whether beam or diffuse is available. The models are those 
proposed by Iqbal(1979), Garipy’s (1980) and Rietveld (1978). These models were selected 
because the parameters used are easily available for the locations of this study. Moreover, wide 
range of data were employed in formulating the models.  
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METHODOLGY 
Description of the Selected Models 
Three models were selected for this study. They are Iqbal(1979), Garipy’s (1980) and Rietveld 
(1978) models of estimation of monthly mean of daily horizontal global solar radiation.  
 
Iqbal’s Model:  
Iqbal(1979) proposed three statistical correlations that allow the calculation of the monthly 
average daily diffuse and beam solar radiation on the horizontal surface from the local fraction 
of possible sunshine duration given by 

           (1) 

and  

             (2) 

where Hb and Hd are monthly average daily values of the beam and diffuse solar radiation 
respectively. From here H = Hb + Hd was obtained. 

Gariepy’s Model: 
Gariepy(1980) proposed a model to estimate global solar radiation based on monthly average 
daily sunshine duration taken in six locations in Canada. In this model, the variation of 
transmission of solar radiation through atmosphere and clouds is taken into consideration by 
introducing monthly average ambient temperature (Ta) and precipitation (P) at a location 
considered. The model gives the empirical regression coefficients a and b in terms of Ta and P 
as follows: 
a = 0.3791 – 0. 0041Ta – 0.0176P       (3) 
b = 0.4810 + 0.0043Ta + 0.0097P       (4) 
 
Rietveld’s Model: 
Rietveld(1978) used measured data collected from 42 stations in 4 different countries to 
propose a unified correlation to compute the horizontal global solar radiation. The model is 
believed to be applicable anywhere in the world because of the large data base used (Soler, 
1990) and (Davies, 1981). The model is given as 

         (5) 

Locations and Parameters 
Two locations were taken from each of the three geographical and climatic regions of Ghana. 
The locations were Ada and Axim from the Coastal region, Kumasi and Sunyani from the 
Middle Belt region and finally, Tamele and Navrongo from the Northern Ghana. The Coastal 
belt is mostly made up of Coastal grassland. Here the land is generally flat and without 
significant forest cover. This area is pervaded most part of the year by sea breeze and is thus 
mostly affected by the Monsoon rains that occur between May and August. The big difference 
is that rainfall in this part of Ghana is generated mainly through organized Line Squalls or 
thunderstorms, originating from Easterly waves.  The Middle Belt is basically tropical rain 
forest, a region which is difficult to delineate by latitude and longitude. This region, as the 
name implies is mostly forested with some scarps and mountains influencing rainfall 
tremendously. Rainfall in this area can thus be induced by frictional convergence within the 
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forest or by topography and is bimodal, peaking first in June as the Intercontinental 
Convergence Discontinuity (ITD) moves northwards giving the major season and then in 
October when the ITD moves southwards producing the minor rainy season. 
 

 

 

 

 

 

 

 

Fig. 1: Climatic Belts in Ghana showing the data locations 

The Northern Ghana is mainly Sudan or Guinea Savannah, defined here to mean stations lying 
beyond latitude 8.5 degrees North. Rainfall in the Belt is uni-modal with the mode occurring 
during August and September, though there are inter annual variations. 

The data for daily sunshine hours, daily maximum and minimum temperatures and daily 
precipitation were obtained from Ghana Meteorological Service for a period covering 2004 to 
2009. The monthly averages of the daily data were calculated. Table 1 shows location of the 
study region while Fig.1 shows the climatic belt of Ghana. 

Table 1: Location of the Study Area 
Location Region Latitude Longitude 
Ada Coastal 005o47’N 000o24’E 
Axim Coastal 004o52’N 002o14’W 
Kumasi Middle Belt 006o41’N 001o35’W 
Sunyani Middle Belt 007o20’N 002o20’W 
Tamale Northern 009o25’N 000o50’W 
Navrongo Northern 010o54’N 001o06’W 

 
Method of Evaluation 
The monthly average daily extraterrestrial radiation Ho was calculated using the formula 

             (6) 

where  the solar constant = 0.082MJm-2day-1 

 the inverse relative distance from the Sun to the Earth. This is given by the equation 

         (7) 

where J is the number of day in the year (Julian day). ߱s is the sunset hour angle given by  
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        (8) 

where  X = 1 – (tan ߶)2 (tan ߜ)2  

߶ is the latitude (rad) of the location 

  is the solar decimation (rad) given by ߜ

          (9) 

The monthly average of the maximum possible daily hour of bright sunshine So is given by  

                (10) 

The values of H for each of the locations using the models in Eq. (3) to Eq.(7)  with Ho and So 
in Eqs. (8) to (12) were computed and presented in Tables 2(a-g). 

Tables 2(a - f):  Estimated values of horizontal global solar radiation H (MJ/m2) using the three 
models. 

(a): Ada 
    Month Iqbal's  model (MJ/m2) Gariepy's model (MJ/M2) Rietveld's model (MJ/m2) 

January 16.16 12.43 14.66 
February 18.24 13.05 19.05 
March 19.00 14.01 20.20 
April 18.86 14.44 21.08 
May 18.19 15.19 16.94 
June 18.27 16.3 17.04 
July 18.29 14.51 16.97 
August 18.67 14.3 17.91 
September 19.02 14.39 19.70 
October 16.92 14.27 22.09 
November 15.35 12.54 21.52 
December 15.25 12.08 20.32 

 

(b): Ax im 

 Month 
Iqbal's  model 
(MJ/m2) 

Gariepy's model 
(MJ/M2) 

Rietveld's model 
(MJ/m2) 

January 16.67 13.97 15.28 
February 18.50 13.82 19.64 
March 19.19 14.66 19.65 
April 19.03 15.41 20.07 
May 18.18 16.68 17.35 
June 15.16 18.65 13.56 
July 15.92 15.73 14.23 
August 16.55 14.14 14.80 
September 16.29 15.44 14.56 
October 18.68 15.64 18.77 
November 17.67 14.12 19.10 
December 17.00 13.11 19.02 
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(c): Kumasi 

 Month 
Iqbal's  model 
(MJ/m2) Gariepy's model (MJ/M2) Rietveld's model (MJ/m2) 

January 17.02 12.88 16.26 
February 18.09 13.99 17.30 
March 18.98 15.33 18.36 
April 19.14 15.33 18.77 
May 18.60 16.19 18.08 
June 17.17 16.27 15.43 
July 13.86 15.33 12.76 
August 11.42 15.96 11.37 
September 13.74 15.69 12.73 
October 16.79 15.78 15.07 
November 17.33 13.00 18.37 
December 16.71 13.24 16.23 
d): Sunyani 

 Month 
Iqbal's  model 
(MJ/m2) Gariepy's model (MJ/M2) Rietveld's model (MJ/m2) 

January 16.68 12.50 16.25 
February 17.92 13.31 17.57 
March 18.93 14.84 18.50 
April 19.25 15.64 18.93 
May 18.87 15.43 18.42 
June 17.56 15.78 15.99 
July 14.01 15.13 12.81 
August 12.25 14.39 11.85 
September 15.09 16.14 13.62 
October 17.13 15.85 15.40 
November 17.00 13.34 17.37 
December 16.33 12.27 16.27 
(e): Tamele 

 Month 
Iqbal's  model 
(MJ/m2) Gariepy's model (MJ/M2) Rietveld's model (MJ/m2) 

January 15.42 11.87 18.93 
February 16.67 12.28 20.46 
March 18.45 13.2 20.83 
April 18.92 14.52 21.46 
May 18.78 15.02 21.28 
June 18.85 14.78 19.66 
July 18.62 16.1 17.55 
August 17.96 16.38 16.28 
September 18.59 16.25 17.49 
October 16.55 13.85 21.37 
November 13.61 11.86 21.27 
December 13.43 11.53 20.03 
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(g): Navrongo 

 Month 
Iqbal's  model 
(MJ/m2) Gariepy's model (MJ/M2) Rietveld's model (MJ/m2) 

January 13.93 11.87 20.52 
February 16.20 12.29 21.07 
March 17.99 12.81 21.68 
April 19.22 15.14 18.55 
May 18.32 13.93 22.10 
June 18.59 15.23 20.66 
July 18.94 15.91 19.01 
August 18.81 16.81 17.73 
September 18.90 15.36 19.78 
October 15.83 13.36 22.12 
November 12.43 11.82 22.11 
December 11.49 11.40 21.41 

 MODELS PERFORMANCE AND DISCUSSION 
The clearer picture of the performance of different models is depicted in Fig.1 to Fig. 6. It is 
observed that Gariepy’s model estimated the global solar radiation in all the locations 
consistently in the same pattern though with lower values. Iqbal’s and Rietveld’s models do not 
follow consistent pattern of estimation and they give high estimation values. The results 
obtained in the middle belt region of the country (Kumasi and Sunyani) shows that the 
estimation from Iqbal’s and Rietveld’s models agree while Gariepy’s model has maintained it 
consistency in the estimation with low values in this region. This can be seen from Figs. 3 and 
Fig. 4. For the Northern region (Tamele and Navrongo) Gariepy’s and Iqbal’s models 
estimation patterns tend to agree, eventhough Iqbal’s model gives higher values than Gariepy’s 
model (Fig. 5 and Fig. 6). For the Coastal region, Gariepy’s model is the most consistent 
estimator while Iqbal’s and Rietveld’s models do not demonstrate any consistency in the 
estimation in the region (Fig.1 and Fig. 2). 
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Figs.7 to 9 depicts the relative performance of the models per location. It is seen that the 
clustering of the estimation is more compact in Gariepy’s model than any other model.  This is 
followed by Iqbal’s model. This implies that in general, Gariepy’s model serves as better model 
predictor of global solar radiation in Ghana than the two other models. 
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Further examination of the estimated values when considering the range of estimation for each 
model (Table 3a), it is observed that for the Coastal region with location at Ada and Axim, the 
Iqbal’s gives the lowest range difference (Table 3b). The minimum estimated value based on 
Iqbal’s model in the coastal is 15.16MJ/m2/day and the maximum value of 19.19MJ/m2/day 
and this was obtained in Ada location. For Northern and Middle Belt regions Gariepy’s model 
gives lowest range differences of the estimation. Based on this model the Middle Belt region 
has minimum estimated value of 12.27MJ/m2/day at Sunyani, while the maximum value of 
16.27MJ/m2/day was obtained at Kumasi. The minimum value of 11.40MJ/m2/day and 
maximum value of 16.81MJ/m2/day were obtained for Navrongo in the Northern region based 
on Gariepy’s estimation. 
Table 3a: Range of estimation of horizontal global solar radiation based on the three models in 
different locations. 

Model Iqbal’ s model Gariepy’s model Rieltveld’s model 
Location HV LV RANGE HV LV RANGE HV LV RANGE 
Ada 19.02 15.25 3.77 15.19 12.08 4.22 22.09 14.66 7.43 
Axim 19.19 15.16 4.03 18.65 13.11 5.54 20.07 13.56 6.51 
Kumasi 19.14 11.42 7.72 16.27 12.88 3.39 18.77 11.37 5.49 
Sunyani 19.25 12.25 7.0 16.14 12.27 3.57 18.93 11.85 7.08 
Tamele 18.92 13.43 5.49 16.38 11.53 4.85 21.46 17.49 2.53 
Navrongo 19.22 11.49 7.73 16.81 11.40 4.51 22.12 17.73 4.39 

 

Where HV is the highest value and LV is the lowest value. 
Table 3b: Regional range difference based on the three models. 

 Range Regional range difference 
Region Location Iqbal’s 

model 
Gariepy’s 
model 

Rieltveld’s 
model 

Iqbal’s 
model 

Gariepy’s 
model 

Rieltveld’s 
model 

Coastal Ada 3.77 4.22 7.43 0.26 1.32 0.92 
Axim 4.03 5.54 6.51 

Middle 
Belt 

Kumasi 7.72 3.39 5.49 0.72 0.19 1.59 
Sunyani 7.0 3.57 7.08 

Northern Tamele 5.49 4.85 2.53 2.24 0.34 1.86 
Navrongo 7.73 4.51 4.39 

It would observed that from the range  analysis, the Gariepy’s model gives better estimation of 
solar radiation in the Northern Middle Belt regions of the country, while Iqbal’s model is the 
better option for Coastal region. The overall assessment however indicates Gariepy’s model to 
be the most suitable estimator in the country. Halouani et.al (1993) had earlier found that 
Gariepy’s model gave the best estimation when compared with that of Hay (1997), Iqbal (1979 
and Rieltveld (1978) taken in the order of performance. However, Dogniau and Lemoine 
(1983) Reitveld (1978) model to be the best estimator for European data. The estimation 
carried out in this work shows Rietveld (1978) model to be the least preferred for  Ghana data 

CONCLUSION 
An idea of the amount of horizontal global solar radiation obtained in Ghana has been found to 
range between 11.37MJ/m2/day and 22.09MJ/m2/day when estimated using Iqbal (1979), 
Gariepy (1980) and Rietveld (1978) models. The Iqbal’s model would give better estimation in 
the Coastal region, while Gariepy’s model would give better estimation in the Middle Belt and 
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Northern regions of the country. These estimations notwithstanding, there is need to actually 
measure the horizontal global solar radiation in each of these locations to confirm these values. 
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