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Abstract

This study compares the accuracies of five predictive models for estimating solar radiation amongst other meteorological param-
eters in Southwest Nigeria. Twenty-one years of monthly averages of six measured meteorological parameters obtained from six
stations in southwest Nigeria have been subjected to five mathematical models for prediction purposes. Solar radiation and sun-
shine hours have been modelled using the sum of two-Gaussians, the sum of two-Lorentzians, Fourier on four harmonics, sine wave
and fourth-order polynomial functions. The fitting accuracies of these models were tested using performance indicators; mean bias
error (MBE), root mean square error (RMSE), mean percentage error (MPE), standard error (SE) and the correlation coefficient
(R). An evaluation of the models showed that the Gaussian and Lorentzian models are in good agreement with the observed data.
However, the Fourier on the fourth harmonics model had the lowest MBE, RMSE and MPE, consequently highest correlation
coefficient values, indicating high model accuracy. Thus, the Fourier model has the best correlation with the observed data and is
recommended for estimating these variables in the selected locations.
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1. Introduction

The design, optimisation, and performance evaluation of solar energy systems for a given location require an accu-
rate global solar radiation estimation. An acceptable alternative to global solar radiation surface measurement is using
predictive models with meteorological variables as inputs. Evaluation of models coupled with their suitability for a
particular location is critical for designing and installing solar energy systems (Okundamiya et al., 2016). Solar radi-
ation is considered dominant in determining the spatial-temporal variations of most meteorological variables. Several
empirical models have been developed for the estimation of solar irradiance and other meteorological parameters at
the earth?s surface in Nigeria. These models have been developed from records of databases archived by meteorolog-
ical weather stations in different regions of the country. A majority of these predictive models are based on existing
empirical models proposed and developed by individual researchers.
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2. Research Objectives

This study used sum of two-Gaussians, sum of two-Lorentzians, Fourier on fourth harmonic (Fourier FH), sine
wave, and 4th order polynomial functions to estimating solar radiation. They were used to estimate the monthly
average data points of solar radiation and sunshine hours across six states with monsoon and guinea savanna climates
in the Southwest zone of Nigeria. The result is a set of monthly-predicted solar radiation and sunshine hours data as a
function of the observed data input. The divergence of the models predictions from the observed data were evaluated
using standard error analysis to test the accuracy of the functions. Mean bias error (MBE), root mean square error
(RMSE) and mean percentage error (MPE) were used to validate the performance of the models to determine the best
fit for the variables.

3. Solar Radiation

A network of solar monitoring stations equipped with pyranometers and data acquisition systems are established
at the required locations to collect information on solar radiation (Hussein, 2012). However, solar irradiance data are
not readily available in many parts of the world because there are very few weather stations that measure solar irra-
diance due to the measuring equipment’s cost, maintenance, and calibration requirements. Given these shortcomings,
different methods have been developed to estimate the solar irradiance on various surfaces using irradiative transfer
models (Davies and McKay, 1982), empirical models (Majumdar et al., 1972), and mathematical models (Hussein,
2012). These models use meteorological data of the location under study. Accurate modelling is therefore dependent
on the quality and quantity of the measured data used and is suitable for generating data for global solar radiation
at locations where measured data are not available. Irradiative transfer models consider the interactions between
direct solar irradiance and terrestrial atmosphere. However, these models are challenged by unavailability of some
atmospheric parameters needed (Mubiru, 2011). The empirical models use various parameters, which include relative
humidity, sunshine hours, sunshine duration, maximum temperature, and water vapour pressure (Rahoma and Hassan,
2007). Conversely, this approach tends to assume linearity in the prediction process. The potential solar radiation is
computed based on latitude, slope aspect, topography, and season. Hourly solar radiation values enable the derivation
of exact information about the performance of solar energy systems (Gopinathan and Soler, 1995; Gopinathan, 1992).

In Nigeria, solar radiation data have been repeatedly subjected to Angstrom-Prescott, Hargreaves, Garcia, and a
host of other models. Some of which are in terms of maximum/minimum temperatures, clearness index, sunshine
hour, extra-terrestrial radiation or relative humidity, soil temperature, latitude, elevation (Akinbobola et al., 2018;
Okundamiya et al., 2016; Ajayi et al., 2014; Umoh et al., 2014; Kolebaje and Mustapha, 2012; Ogolo, 2010; El-
Metwally, 2009; Augustine and Nnabuchi, 2010, 2009; Akpabio et al., 2005; Yang and Koike, 2002; A. and M., 2000;
Togrul and Onat, 1999; Ododo and Usman, 1996; Fagbenle, 1993, 1992; Bindi and Miglietta, 1991; Balogun, 1981;
Sabbagh et al., 1977). Furthermore, solar radiation has also been estimated in terms of location, solar declination,
daily vapour pressure, precipitation, and evaporation (Hussein, 2012; Singh et al., 1996; Sezai and Tasdemiroglu,
1995; Reddy, 1971). Al-Salaymeh (2006) used four mathematical models, namely sine wave, Lorentzian, Gaussian,
and fourth-order polynomial degree, to predict global solar radiation accurately. Rahoma and Hassan (2007) estimated
probable values of horizontal daily global solar radiation at Helwan, Egypt, using the annual time function obtained
from Fourier analysis. Okundamiya and Nzeako (2010) proposed a temperature-based model of the monthly mean of
daily global solar radiation on horizontal surfaces for selected cities in Nigeria. Three statistical indicators, namely
MBE, RMSE, and t-statistic (TS), validated the excellent performance accuracy of the proposed model by comparing
the estimated and observed data. Ogolo and Adeyemi (2009)Ogolo and Adeyemi (2009) showed an annual decreasing
trend of meteorological parameters that was not statistically significant, except for rainfall and relative humidity,
which were increasing. On the other hand, Mann-Kendall (τ) and Spearman rho statistics showed that the result
was statistically significant. Also, the annual variations of the parameter coincide with the north-south movement of
the inter-tropical discontinuity (ITD). The movement and fluctuations ITD, which follow the sun, control the solar
radiation and rainfall patterns of the location (Dairo and Kolawole, 2018; Ogolo and Adeyemi, 2009; Willoughby
et al., 2002).

In particular, solar radiation and evaporation rates have a significant decreasing trend while increasing but lack
significant statistical trends for other parameters. Moreover, the yearly data series of temperature and sunshine hour
appeared similar to the global warming trends. The International Centre for Theoretical Physics (ICTP) Regional
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Climate Model version 3 (RegCM3), with ECHAM5 GCM as the lateral boundary conditions, underestimated the
global solar radiation over Nigeria with biases of 10% to 30% from NIMET and NASA observed data (Ohunakin
et al., 2015; Ogolo, 2010).

4. Sunshine Hours

Sunshine hours is a climatological indicator measuring the duration of sunshine in a given period, usually a day
or a year, for a given location, commonly expressed as an average of several years. The sunshine hours of a location
indicate the cloudiness and thus differs from insolation, which measures the total energy obtained from the sun over
a given period. The ready availability of sunshine hours data and its ease of measurement, ease of use, and relative
reliability have made it the best alternative method of estimating solar radiation (Umoh et al., 2014). In addition,
sunshine duration is used to determine the monthly average daily solar radiation on horizontal surfaces, which serves
as input in some models to compute solar radiation (Augustine and Nnabuchi, 2009).

5. Methods

5.1. Data Acquisition

Long term averaged data of twenty-one years (1981-2012) from Nigerian Meteorological agency (NIMET) were
used for this study. The southwestern states of Nigeria under consideration are shown in Figure 1 with their corre-
sponding cities in Table 1. The average of these parameters were computed and used in the mathematical models.

Figure 1. Map of the southwestern states of the study locations.

5.2. Prediction Models

Curve fitting models are mathematical functions that provide the best mathematical description or fit a set of
data points. The function returns a set of estimated data based on observed or experimental data. For the model to
be appreciably accurate, the deviations from the observed data points must be as minor as possible. A measure of
deviation commonly used to test the exactness of the model is the minimum RMSE. To model the variables that appear
to be exhibiting periodic variations, four model functions were applied to assess which variables best fit the observed
data. Gaussian, Lorentzian, Fourier, sine, and polynomial functions, with their corresponding yield in coefficients,
were utilised in this work. Gaussian and Lorentzian non-linear regression functions are the most widely used for
fitting bell-shaped curves with peaks, although the Lorentzian has a more expansive ‘tail’ spread. However, due to
the seasonal double maxima exhibited by rainfall, precipitable water, and relative humidity, the sum of two-Gaussians
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Table 1. The parameters of study sites.

S/N Sites
Geo. Coordinates

Lat Lon

1 Abeokuta (Ogun) 7◦9′ N 3 ◦21′ E

2 Ado-Ekiti (Ekiti) 7◦37′ N 5 ◦13′ E

3 Ibadan (Oyo) 7◦22′ N 3 ◦54′ E

4 Ikeja (Lagos) 6◦35′ N 3 ◦20′ E

5 Ilorin (Kwara) 8◦30′ N 4 ◦32′ E

6 Osogbo (Osun) 7◦46′ N 4 ◦34′ E

and sum of two-Lorentzians functions were deemed more suitable for the curve fitting than the usual single Gaussian
or Lorentzian distributions. The formalism of the predictive models used for estimating the parameters as a function
of time were published by Willoughbya et al. (2019). FindGraph and GraphPad softwares were used as curve fitting
and statistical analysis tools, respectively.

6. Results and Discussion

A perusal of the monthly plots, Figures 2 - 3, shows that both variables exhibit two peaks with a dip in mid-year
over the annual period. In particular, the trends of irradiance and sunshine hours display a dip mid-year, indicating
reduced mean values, usually between June and September.

6.1. Solar Radiation
The regression coefficient of each of the models was obtained for the atmospheric variables. Figures 2 (a)-(f)

present the plots of the comparison between the modelled and observed global solar radiation for Abeokuta, Ado-Ekiti,
Ibadan, Ikeja, Ilorin and Osogbo, respectively. The global solar radiation exhibits two seasonal variations, maintaining
two peaks with the minimum in between them. The observed dip in global solar radiation is due to the high amount of
rainfall during the period. This period is also characterised by an increase in the degree of cloudiness, which in effect
diminishes the amount of solar radiation reaching the earth’s surface. The graphs show that the estimated values of
the Gaussian and Lorentzian models correlate reasonably well with the observed global solar radiation data, but the
Fourier FH gives a much better prediction. The respective amplitudes, b and g for both former functions show that the
height of the two-Lorentzian distribution is about double that of the two-Gaussians. Ikeja, being a coastal region and
in the low latitudes exhibits lower values compared to the higher latitudes. The standard deviations, d and k for both
functions display the same trend, i.e., two-Lorentzians values doubling those of the two-Gaussians. The sine model
estimates the global solar radiation fairly accurately in each of the cities except in Ibadan where its values largely
deviate from the observed data. The fourth order polynomial model is in poor agreement with the observed values for
each city.

Tables 2 and 3 show the performance indicators of the models for solar radiation in each of the cities. In Abeokuta,
the values presented show that Fourier FH has the least MBE, RMSE and MPE (%). It also has the least SE and
highest correlation coefficient R of 0.037 and 0.997, respectively. This is followed by sine wave model, which has a
correlation coefficient R of 0.816. The fourth order polynomial correlation formula has the highest standard error of
0.234. In Ado-Ekiti, Fourier FH also has the least MBE, RMSE, MPE (%) and the highest correlation coefficient R
of 0.99. Sine wave, sum of two-Gaussians and sum of two-Lorentzians models show underestimation in MBE and
MPE (%). On the other hand, fourth-order polynomial model shows overestimation in MBE and MPE (%) and has
the highest standard error of 0.34. The assessments of the modelled performances in the other cities show that Fourier
FH harmonics has the lowest values of MBE, RMSE and MPE (%).

This result indicates that the sum of two-Lorentzians, sum of two-Gaussians, and Fourier on fourth harmonics
models give reasonable estimates of global solar radiation in each of the cities. However, the sine wave model gives a
pretty good estimate. The polynomial model has the poorest fit for the estimation of this variable.
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Figs. 2 (a)-(f) Observed and modelled solar radiation for the stations 

 

The polynomial model gives the poorest fit as observed in each of the figures. The computed performance 

indicators for the models used to estimate sunshine hours for the locations are presented in Table 6. It is 

observed that polynomial model has the highest SE values in each city, varying between 0.67 in Ibadan and 

1.26 in Osogbo. This is a validation of the inaccuracy of this model in predicting sunshine hours as discussed 

earlier. Fourier FH has the lowest SE values in each city, ranging from 0.12 in Osogbo to 0.23 in Ibadan, Ikeja, 

and Ilorin. It also has the highest R value in each of the cities, indicating a good correlation with the observed 

data.  The two-Gaussians and two-Lorentzians models have the highest RMSE in the estimation of sunshine 
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Figure 2. (a)-(f) Observed and modelled solar radiation for the stations
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hours in Abeokuta, Ibadan, and Osogbo. In Ikeja and Ilorin, the sine model gives the highest RMSE value, 

indicating low accuracy in estimating sunshine hours in those cities.  

 

  
 
 

    
             

 
 
 
Figs. 3 (a)-(f) Observed and modeled sunshine hours for the stations 
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Figure 3. (a)-(f) Observed and modelled sunshine hours for the stations
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with the other models. Also, the Fourier model offered the highest correlation coefficient values, R, in each of 

the cities, ranging from 0.96 to 1, indicating high accuracy in the estimated data. Thus, from the summary of 

the results, the Fourier model is recommended as the most suitable model for estimating the daily global solar 

radiation and sunshine hours in the selected locations.  

 

Table 2. Regression coefficients for solar radiation at all the stations 

 SOLAR RADIATION 
Location Models Regression Coefficients 

    a b c d g h k 

Abeokuta 

Sum of two Gaussians 2.79 2.92 2.53 3.30 2.50 11.80 1.93 
Sum of two Lorentzians 0.05 5.45 2.24 5.71 3.91 11.82 2.56 
Sine wave 4.85 0.89 5.19 5.41  -  -  - 
4th order Polynomial 5.43 0.30 -0.11 0.01 2E-04 - - 

Fourier on 4 Harmonics a b c1 c2 c3 c4 d1 d2 d3 d4 
4.87 0.57 0.17 0.88 0.12 -0.1 -0.1 -0.05 -0.05 -0.05 

Ado-Ekiti 

Sum of two Gaussians 3.12 2.68 2.25 3.14 2.65 11.44 1.59 
Sum of two Lorentzians 0.69 5.42 2.05 5.29 4 11.58 2.26 
Sine wave 4.91 -0.95 4.94 5.08 - - - 
4th order Polynomial 6.33 -0.28 -0.02 8E-04 2E-04 - - 

Fourier on 4 Harmonics a b c1 c2 c3 c4 d1 d2 d3 d4 
4.97 0.40 0.57 0.87 0.24 -0.1 -.01 -0.1 -0.03 -0.07 

Ibadan 

Sum of two Gaussians 2.86 2.84 1.62 3.13 2.49 10.97 2.06 
Sum of two Lorentzians 0.19 5.19 1.51 4.83 4.2 11.22 3.21 
Sine wave 5.86 1.61 1.25 11.62 - - - 
4th order polynomial 4.93 0.06 -0.03 0.001 4.97 - - 

Fourier 4 Harmonics a b c1 c2 c3 c4 d1 d2 d3 d4 
4.83 0.57 0.56 0.62 -0.04 -0.18 -0.05 0.00 0.002 -0.04 

Ikeja 

Sum of two Gaussians 3.51 2.05 2.39 2.4 1.66 12.18 2.18 
Sum of two Lorentzians 5.7 0.53 3.56 1.4 1.92 7.29 3.27 
Sine wave 4.69 -0.80 4.99 5.44 - - - 
4th order polynomial 5.57 0.03 -0.06 0.00 1E-04     

Fourier on 4 Harmonics a b c1 c2 c3 c4 d1 d2 d3 d4 
4.70 0.57 0.25 0.77 -0.04 -0.07 0.04 0.03 -.002 -.07 

Ilorin 

Sum of two Gaussians 2.79 3.2 2.69 3.31 2.75 11.68 1.83 
Sum of two Lorentzians 0.81 5.03 2.53 5.04 3.73 11.66 2.25 
Sine wave 5.08 -0.94 5.33 5.22 - - - 
4th order Polynomial 5.52 0.41 -0.12 0.01 2E-04 - - 

Fourier 4 Harmonics a b c1 c2 c3 c4 d1 d2 d3 d4 
5.11 0.57 0.15 0.93 0.14 -.1 .01 -.1 .04 .02 

Osogbo 

Sum of two Gaussians 2.53 3.22 2.28 3.56 2.77 11.79 1.89 
Sum of two Lorentzians 0.64 4.96 2.19 5.29 3.64 11.71 2.27 
Sine wave 4.82 -0.96 5.12 5.45 - - - 
4th order Polynomial 5.75 0.11 -0.08 0.00 2E-04 - - 

Fourier on 4 Harmonics 
a b c1 c2 c3 c4 d1 d2 d3 d4 

4.84 0.57 0.22 0.93 0.12 -.04 -.04 -.04 .03 -.01 
 
 
 
 
  

13



A. A. Willoughby et al. / Nigerian Journal of Environment and Health 3 (2020) 7–18 14

 

 11 

Table 3. Regression coefficients for sunshine hours at all the stations 
 

SUNSHINE HOURS 
Location Models Regression Coefficients 

    a b c d g h k 

Abeokuta 

Sum of two Gaussians 0.09 5.81 3.32 3.18 5.69 11.23 1.57 
Sum of two Lorentzians 1.49 7.11 3.09 4.11 6.17 6.17 11.3 
Sine wave 4.49 -1.48 5.5 4.32 - - - 
4th order polynomial 4.98 0.52 -0.16 0.007 3E-04 - - 
Fourier on 4 Harmonics a b c1 c2 c3 c4 d1 d2 d3 d4 

4.8 0.57 0.32 1.3 0.59 -0.5 0.11 -0.14 0.11 -0.4 

Ado-Ekiti 

Sum of two Gaussians 
-0.77 7.1 2.52 4.32 7.16 11.5 1.4 

Sum of two Lorentzians 
-2.56 8.77 2.41 5.58 7.7 11.48 1.5 

Sine wave 2.26 4.61 0.99 11.02    

4th order polynomial 5.72 0.61 -0.2 0.007 6E-04   

Fourier on 4 Harmonics 
a b c1 c2 c3 c4 d1 d2 d3 d4 

5.0 0.57 0.56 1.7 0.9 -0.04 0.15 -0.2 0.06 -0.04 

Ibadan 

Sum of two Gaussians 0.99 6.98 3.28 3.98 6.67 11.55 1.62 
Sum of two Lorentzians 4.53 10.17 2.99 6.01 7.87 11.52 1.94 
Sine wave 4.79 -1.48 5.59 4.42 - - - 
4th order Polynomial 4.41 1.08 0.25 0.009 4E-04 - - 

Fourier on 4 Harmonics 
a b c1 c2 c3 c4 d1 d2 d3 d4 

4.9 0.57 0.26 1.3 0.8 -0.3 -0.04 -0.01 0.2 0.02 

Ikeja 

Sum of two Gaussians 0.35 6.62 3.15 3.52 6.54 11.45 1.81 
Sum of two Lorentzians 2.36 8.71 2.87 4.93 7.45 11.47 2.25 
Sine wave 4.94 -1.52 5.39 4.36 - - - 
4th order Polynomial 5.96 -0.06 -0.06 0.004 8.63 - - 

Fourier on 4 Harmonics 
a b c1 c2 c3 c4 d1 d2 d3 d4 

5.1 .57 .46 1.3 .58 -.46 .05 .00 .01 -.3 

Ilorin 

Sum of two Gaussians 0.55 7.75 3.23 4.16 7.26 11.5 1.55 
Sum of two Lorentzians 2.82 9.69 2.96 5.67 7.8 11.49 1.89 
Sine wave 7.6 -2.28 0.92 12.23 - - - 
4th order Polynomial 5.56 1.15 -0.27 0.01 0.004 - - 

Fourier on 4 Harmonics 
a b c1 c2 c3 c4 d1 d2 d3 d4 

6.1 0.57 0.32 1.4 0.87 -0.22 -.006 -0.31 0.15 0.05 

Osogbo 

Sum of two Gaussians 1.71 8.09 2.81 4.62 7.38 11.42 1.42 
Sum of two Lorentzians 1.74 7.99 2.71 5.24 6.98 11.38 1.52 
Sine wave 7.13 -2.86 0.92 12.38 - - - 
4th order Polynomial 3.98 0.5 -0.09 0.004 1E-04 - - 

Fourier on 4 Harmonics 
a b c1 c2 c3 c4 d1 d2 d3 d4 

5.2 0.57 0.42 1.5 0.9 -0.29 0.16 -0.05 0.15 -0.03 
 
 
 
 
 
  

6.2. Sunshine Hours

The sunshine hours (or sunshine duration) variation curve is represented in Figures 3(a)-(f) for each location.
Sunshine hours variation curve has a similar curve with the global solar radiation data in which there are two peaks.
Both peaks are observed during the dry season, which is characterised by minimum cloud cover. The first peak lasts
between January and May. Then there is a reduction in the sunshine hours, after which the curve rises gradually and
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hits a second peak between November and December. The Fourier FH, two-Gaussians and two-Lorentzians models
exhibit good correlations with the observed data for the sunshine hours data. Sine model exhibits a poor correlation
in Ilorin and Osogbo. The polynomial model gives the poorest fit as observed in each of the figures. The computed
performance indicators for the models used to estimate sunshine hours for the locations are presented in Table 6. It is
observed that polynomial model has the highest SE values in each city, varying between 0.67 in Ibadan and 1.26 in
Osogbo. This is a validation of the inaccuracy of this model in predicting sunshine hours as discussed earlier. Fourier
FH has the lowest SE values in each city, ranging from 0.12 in Osogbo to 0.23 in Ibadan, Ikeja and Ilorin. It also
has the highest R value in each of the cities, indicating a good correlation with the observed data. The two-Gaussians
and two-Lorentzians models have the highest RMSE in the estimation of sunshine hours in Abeokuta, Ibadan, and
Osogbo. In Ikeja and Ilorin, the sine model gives the highest RMSE value, indicating low accuracy in estimating
sunshine hours in those cities.

6.3. Statistical Test Results

The performance of each model was assessed statistically by computing the mean bias error (MBE), root mean
square (RMSE) and mean percentage error (MPE). The standard error (SE) for each model is also presented. For
accurate estimation, low values of MBE, RMSE, MPE, SE values, and a correlation coefficient R-value close to 1
are desirable. Table 4 presents the performance indicators of the models for solar radiation in each location. It is
observed that for Abeokuta, Fourier FH has the lowest MBE, RMSE and MPE (%). Similarly, Fourier FH has the
lowest standard error SE and highest correlation coefficient R of 0.04 and 1.00, respectively, for Abeokuta. This is
followed by the sine wave model, which has SE and R of 0.11 and 0.82, respectively. The fourth-order polynomial
correlation formula has the highest SE and lowest R of 0.23 and 0.07, respectively. Generally, Fourier FH has the
lowest MBE, RMSE and MPE (%) for all the locations, which indicate the best fit with the observed data. In addition,
Fourier FH has the lowest SE across all the locations except Ibadan. The statistical results are presented in Tables 2
- 4, showing a summary of the performance indicators for the models of global solar radiation and sunshine hours in
each state. Figures 2 and 3 show that the estimated values of the models exhibit a good variation trend along with
the observed data except for the fourth-order polynomial model, which shows a flawed agreement with the observed
values. Table 4 summarises the results of the statistical indicators for the performance level of each of the models for
solar radiation and sunshine hours in the selected locations. The Fourier model gives an excellent correlation for each
location shown in Figures 2-3, except in January and December. The other models do not fit the observed data well;
particularly, the sine and polynomial models exhibit the poorest curve.
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Table 4. Statistical tests for solar radiation and sunshine hours at all the stations 

                                                     RADIATION               SUNSHINE HOURS 

Location Models MBE RMSE MPE 
(%) SE R MBE RMSE MPE 

(%) SE R 

Abeokuta 

Sum of two Gaussians -0.47 1.62 -0.80 0.10 0.07 -0.82 2.82 -1.44 0.25 0.00 

Sum of two Lorentzians -0.47 1.62 -0.80 0.07 0.07 -0.82 2.82 -1.44 0.35 0.00 

Fourier on four harmonics 0.00 0.00 0.00 0.04 1.00 0.00 0.00 0.00 0.17 0.99 

Sine wave -0.29 1.02 -0.50 0.11 0.82 -0.61 2.12 -1.09 0.39 0.22 

4th order Polynomial 0.00 0.00 0.00 0.23 0.07 -0.01 0.03 -0.02 0.76 0.22 

Ado-Ekiti 

Sum of two Gaussians -0.49 1.68 -0.81 0.12 0.09 0.00 0.20 1.00 0.23 0.22 

Sum of two Lorentzians -0.49 1.68 -0.81 0.17 0.09 0.00 1.40 0.20 0.37 0.96 

Fourier on four harmonics 0.00 0.00 0.00 0.05 0.99 0.00 0.20 0.20 0.18 0.99 

Sine wave -0.27 0.92 -0.44 0.18 0.79 0.00 0.90 6.00 0.11 0.85 

4th order Polynomial 0.00 0.00 0.00 0.34 0.15 0.30 0.90 10.00 0.95 0.52 

Ibadan 

Sum of two Gaussians -0.49 34.29 -0.83 0.07 0.20 -0.44 1.54 -0.74 0.32 0.01 

Sum of two Lorentzians -0.49 34.29 -0.83 0.10 0.20 -0.44 1.54 -0.74 0.39 0.01 

Fourier on four harmonics 0.00 0.00 0.00 0.13 0.96 0.00 0.00 0.00 0.23 0.98 

Sine wave -0.32 1.11 -0.55 0.29 0.89 -0.39 1.34 -0.65 0.46 0.09 

4th order Polynomial -0.06 0.19 -0.09 0.49 0.04 -0.01 0.02 -0.01 0.67 0.47 

Ikeja 

Sum of two Gaussians -0.48 1.64 -0.85 0.07 0.09 -0.45 1.56 -0.72 0.26 0.00 

Sum of two Lorentzians -0.48 1.64 -0.85 0.09 0.09 -0.45 1.56 -0.72 0.34 0.00 

Fourier on four harmonics 0.00 0.00 0.00 0.01 0.99 0.00 0.00 0.00 0.23 0.96 

Sine -0.31 0.44 -0.55 0.09 0.84 -0.72 2.49 -1.15 0.35 0.11 

4th order Polynomial 0.00 0.48 0.01 0.23 0.30 0.01 0.02 0.01 0.78 0.03 

Ilorin 

Sum of two Gaussians -0.48 1.66 -0.77 0.06 0.04 -0.54 1.87 -0.73 0.33 0.00 

Sum of two Lorentzians -0.48 1.66 -0.77 0.10 0.04 -0.54 1.87 -0.73 0.43 0.00 

Fourier on four harmonics 0.00 0.00 0.00 0.02 0.99 0.00 0.00 0.00 0.23 0.99 

Sine wave -0.33 1.13 -0.53 0.12 0.83 -0.83 2.88 -1.13 0.97 0.01 

4th order Polynomial 0.01 0.02 0.01 0.28 0.18 -0.01 0.02 -0.01 0.73 0.16 

Osogbo 

Sum of two Gaussians -0.47 1.64 -0.81 0.05 0.08 -0.53 1.82 -0.83 0.31 0.05 

Sum of two Lorentzians -0.47 1.64 -0.81 0.09 0.08 -0.53 1.82 -0.83 0.44 0.05 

Fourier on four harmonics 0.00 0.00 0.00 0.04 0.99 0.00 0.00 0.00 0.12 0.99 

Sine wave -0.37 1.29 -0.64 0.10 0.49 -0.48 1.68 -0.77 0.97 0.14 

4th order Polynomial 0.01 0.02 0.01 0.25 0.11 0.15 0.52 0.24 1.26 0.18 
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7. Conclusion

This study used five mathematical models to estimate the daily global solar radiation and sunshine hours of some
cities in the southwest of Nigeria. The values of the modelled data were compared with the values of the observed
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data. The accuracies of the models were evaluated using the performance indicators: mean bias error (MBE), root
mean square error (RMSE), mean percentage error (MPE), correlation coefficient R and standard error (SE). Gen-
erally, from the results of the performance indicators and the comparison between the observed and modelled data,
it was observed that for most of the atmospheric variables at the selected locations, the polynomial model estimates
exhibited the poorest correlations with the observed data. The sine model displayed reasonably good correlations
in estimating global solar radiation and sunshine hours. This observation implies that the polynomial model is not
suitable for predicting the atmospheric variables in the selected locations. The two-Gaussians and two-Lorentzians
models demonstrated better correlation with some of the variables than the duo of sine and polynomial models and,
thus, may be considered for estimating the atmospheric variables. However, the Fourier model possessed the least
values of the errors when compared with the other models. Also, the Fourier model offered the highest correlation
coefficient values, R, in each of the cities, ranging from 0.96 to 1, indicating high accuracy in the estimated data.
Thus, from the summary of the results, the Fourier model is recommended as the most suitable model for estimating
the daily global solar radiation and sunshine hours in the selected locations.
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