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This study developed two to six multivariate regression equations that reliably predict global radiation in Jos 
(Latitude 9.87 °𝑁 and Longitude 8.75 °𝐸). Thirty-one years (1980 – 2010) observed monthly mean daily 
global solar radiation, sunshine hours, maximum and minimum temperatures, cloud cover, rainfall, relative 
humidity and wind speed data were used in this study with the clearness index as the response variable and 
other variables as predictors. The seven validation indices employed are the coefficient of determination (R2), 
Mean Bias Error (MBE), Root Mean Square Error (RMSE), Mean Percentage Error (MPE), t – test, Nash – 
Sutcliffe Equation (NSE) and Index of Agreement (IA) to determine the reliability, suitability and applicability 
of the developed models. The results in this study revealed that all the developed multivariate models were 
found reliable for global solar radiation estimation in Jos depending on the obtainable meteorological data 
measured in the location. The correlation between the measured and predicted (developed) global solar 
radiation shows a perfect correlation as depicted from the figures. 
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1. INTRODUCTION 

The energy emanated from the sun in radiant form to the earth’s surface 
is referred to as solar radiation (Akpootu et al., 2019a). The solar radiation 
has been considered as the main significant input parameter used for the 
design and in evaluating solar energy devices. Also, solar energy is top 
most among the various alternative sources of energy due to the fact that 
it is the energy from the sun (Gana and Akpootu, 2013a). The ultimate 
sources of renewable energy in nature are the solar radiation arriving on 
the surface of the earth (Akpootu and Sulu, 2015). The world most cleanest 
abundant renewable energy is the solar energy (Olomiyesan et al., 2015). 
With the decrease in cost and rapid improvement in technology of solar 
energy as a renewable energy with potential to mitigate some of the 
negative environmental problems; it still have a significant position in the 
energy structure (Despotovic et al., 2015; Freitas et al., 2015). Technology 
for measuring solar radiation is expensive and has high risk in the use of 
the instruments (Alam et al., 2005). Thus, there is the need to come up with 
other methods for estimating this important parameter.  

One of the methods employed is the use of empirical models. Accurate 
modeling strongly relies on the quality and quantity of the measured data 
and this is an excellent method for the determination of solar radiation at 
regions where measured data are lacking (Al-Salihi et al., 2010). Several 
studies have been done on global solar radiation prediction. Few studies 
carried in Nigeria include: Gana and Akpootu compares the predictability 
of four sunshine based models in Kebbi (Gana and Akpootu, 2013b). The 

result in their study revealed that model 2 (quadratic equation) which is 
the empirical regression equation based on performed better the best 
(Ogelman et al., 1984). Akpootu and Iliyasu developed one to six variable 
correlation models to investigate the impact of some meteorological 
variables on the estimation of global solar radiation in Kano, 
Northwestern, Nigeria (Akpootu and Iliyasu, 2015a). According to them, 
the developed models were found suitable based on the six validation 
indices employed. Akpootu and Sanusi developed new temperature-based 
model for estimating global solar radiation in Portharcourt (Akpootu and 
Sanusi, 2015).  

The empirical model developed is a multivariate temperature-based 
model that contains the differences in temperature and temperature ratio 
terms. Other studies include (Falayi, 2013; Ajayi et al., 2014; Akpootu and 
Iliyasu, 2015b). The few distinct studies that have been carried out for the 
estimation of global solar radiation at various locations across the 
different climatic zones in Nigeria which developed new sunshine and 
temperature dependent models through the modification of the existing 
models and the validation indices improved greatly and performed better 
than the existing are found in the studies done (Akpootu et al., 2019b; 
Akpootu et al., 2019c; Akpootu et al., 2019d). The aim of this investigation 
is to develop two to six multivariate equations that reliably predict global 
solar radiation for Jos using measured monthly average daily global solar 
radiation, sunshine hours, maximum and minimum temperatures, cloud 
cover, rainfall, relative humidity, and wind speed data. The developed 
models were tested statistically using seven validation indices. 
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2. METHODOLOGY 

2.1 Acquisition of Data 

Optimal climate modelling is guaranteed, if the data used are extended for 
at least thirty years (WMO, 1967; Ojo and Adeyemi 2014). Based on this 
fact, the measured monthly average daily global solar radiation, sunshine 
hours, wind speed, maximum and minimum temperatures, rainfall, cloud 
cover and relative humidity meteorological data for the period of thirty-
one years (1980-2010) was utilized in this study. The meteorological data 
were obtained from the Nigerian Meteorological Agency (NIMET), Oshodi, 
Lagos, Nigeria. The multivariate empirical were developed using twenty-
five (25) (1980- 2004) years data while the models were validated using 
six (6) years (2005-2010) data. The location under investigation is Jos 
(Latitude 9.87 °𝑁 and Longitude 8.75 °𝐸).   

2.2 Regression Analysis 

The monthly average daily extraterrestrial radiation on a horizontal 
surface (𝐻𝑜) can be calculated for days giving average of each month was 
computed through the equation (Iqbal, 1983): 

𝐻𝑜 = (
24

𝜋
) 𝐼𝑠𝑐 [1 + 0.033𝑐𝑜𝑠 (

360𝑛

365
)] [𝑐𝑜𝑠𝜑𝑐𝑜𝑠𝛿𝑠𝑖𝑛𝜔𝑠 + (

2𝜋𝜔𝑠

360
) sin 𝜑 sin 𝜌]              (1) 

The solar constant, 𝐼𝑠𝑐 = 1367 𝑊𝑚−2, 𝜑 is the latitude of the region, 𝜌 is 
the solar declination and 𝜔𝑠 is the mean sunrise hour angle for the given 
month and 𝑛 is the number of days of the year starting from 1𝑠𝑡  of January 
to 31𝑠𝑡  of December. The solar declination (𝜌) and the mean sunrise hour 
angle (𝜔𝑠) are estimated using equations (2) and (3) (Iqbal, 1983): 

𝜌 = 23.45 sin {360 (
284+𝑛

365
)}                                                                                                        (2) 

𝜔𝑠 = 𝑐𝑜𝑠−1(− tan 𝜑 tan 𝜌)                                                                                                          (3) 

The maximum possible sunshine duration, monthly average day length 
(𝑆𝑜) in hours for a given month was calculated using the equation (Iqbal, 
1983). 

𝑆𝑜 =
2

15
𝜔𝑠                                                                                                                                      (4) 

The clearness index (𝐾𝑇) has been defined using equation (5) (Falayi et al., 
2011) 

𝐾𝑇 =
𝐻

𝐻𝑜
                                                                                                                                         (5) 

Multivariate equation for estimating the global solar radiation with the 
clearness index as the dependent variable and the six independent 
meteorological variables is given as (Akpootu et al., 2019a). 

𝐻

𝐻0
= 𝑎 + 𝑏𝑥1 + 𝑐𝑥2 + 𝑑𝑥3 + 𝑒𝑥4 + 𝑓𝑥5 + 𝑔𝑥6                                                       (6) 

where 𝑎 … … . . 𝑔 are the regression coefficients and 𝑥1 … … . 𝑥6 are the 
parameters that are correlated. In this study, the number of ways by which 
the meteorological variables are combined was obtained using the 
expression (Akpootu et al., 2019a). The 𝐾𝑇 is the response variable while 
other variables are the predictors.  

𝑛𝐶𝑟
=

𝑛!

(𝑛−𝑟)!𝑟!
                                                                                                                                 (7) 

where 𝑛 is the total number of meteorological variables under study and 𝑟 
is the number of meteorological variables that will be combined. High R2 

has been selected for further statistical analysis based on the method 
described (Akpootu et al., 2019a).  

2.3 Validation of the Developed Models 

The predicted values of the multivariate regression models were 
statistically validated by calculating the Mean Bias Error (MBE), Root 
Mean Square Error (RMSE), Mean Percentage Error (MPE), t-test, Nash-
Sutcliffe equation (NSE) and the Index of Agreement (IA). Also, the 𝑅2 was 
determined. The validation indices are obtained through the equations 
(El-Sebaii and Trabea, 2005). 

𝑀𝐵𝐸 =
1

𝑛
∑ (𝐻𝑖,𝑐𝑎𝑙 − 𝐻𝑖,𝑚𝑒𝑎)𝑛

𝑖=1                                                                                                    (8) 

𝑅𝑀𝑆𝐸 = [
1

𝑛
∑ (𝐻𝑖,𝑐𝑎𝑙 − 𝐻𝑖,𝑚𝑒𝑎)

2𝑛
𝑖=1 ]

1

2
                                                                                           (9) 

𝑀𝑃𝐸 =
1

𝑛
∑ (

𝐻𝑖,𝑚𝑒𝑎−𝐻𝑖,𝑐𝑎𝑙

𝐻𝑖,𝑚𝑒𝑎
) ∗ 100𝑛

𝑖=1                                                                                             (10) 

The t-test with (𝑛 − 1) degrees of freedom according to a study is: 
(Bevington, 1969) 

𝑡 = [
(𝑛−1)(𝑀𝐵𝐸)2

(𝑅𝑀𝑆𝐸)2−(𝑀𝐵𝐸)2
]

1

2
                                                                                                                  (11) 

The detailed descriptions of the t – test validation is found in (Akpootu et 
al., 2019b; Akpootu et al., 2019d).  

The Nash-Sutcliffe equation (NSE) was calculated using the equation 
(Jiandong et al., 2012) 

𝑁𝑆𝐸 = 1 −
∑ (𝐻𝑖,𝑚𝑒𝑎−𝐻𝑖,𝑐𝑎𝑙)

2𝑛
1

∑ (𝐻𝑖,𝑚𝑒𝑎−𝐻̅𝑖,𝑚𝑒𝑎𝑠)
2𝑛

1

                                                                                                    (12) 

Willmott defined the Index of Agreement (IA) using the equation 
(Willmott, 1981).  

𝐼𝐴 = 1 −
∑ (𝐻𝑖,𝑐𝑎𝑙−𝐻𝑖,𝑚𝑒𝑎)

2𝑛
𝑖=1

∑ (|𝐻𝑖,𝑐𝑎𝑙−𝐻̅𝑖,𝑚𝑒𝑎|+|𝐻𝑖,𝑚𝑒𝑎−𝐻̅𝑖,𝑚𝑒𝑎|)
2𝑛

𝑖=1

                                                        (13) 

From equations (8) – (13), 𝐻𝑖,𝑚𝑒𝑎, 𝐻𝑖,𝑐𝑎𝑙 and 𝑛 are the 𝑖𝑡ℎ measured and 𝑖𝑡ℎ  
calculated values of daily global solar radiation and the total number of 
observations respectively, similarly, 𝐻̅𝑖,𝑚𝑒𝑎 is the mean measured global 
radiation. Zero value for MBE have been reported to be ideal by (Halouani 
et al., 1993; Almorox et al., 2005; Chen et al., 2004). Positive and negative 
values of MPE and MBE imply overestimation and underestimation 
respectively in their calculated values. The acceptable range of percentage 
error is ±10% (Merges et al., 2006). The lower the value of MBE, RMSE, 
MPE and t – test, the better is the performance of the model. Similarly, the 
higher the value of the 𝑅2, NSE and IA the better is the performance of the 
model as well. The MBE and RMSE are measured in MJm-2day-1, while R2, 
MPE, NSE and IA are in percentage (%), t – test is non dimensional. 

3. RESULTS AND DISCUSSION 

3.1 Multivariate Regression Models for Jos 

The multivariate regression models for two variable correlations for Jos 
are 

𝐻

𝐻0
= 0.562 + 0.291

𝑆

𝑆0
− 0.00254 𝑅𝐻                                                                 (14a) 

𝐻

𝐻0
= 0.984 − 0.00779 𝑇𝑚𝑒𝑎𝑛 − 0.00406 𝑅𝐻                                                 (14b) 

𝐻

𝐻0
= 1.40 − 0.000526 𝑅𝐹 − 0.113 𝐶𝐶                                                            (14c) 

𝐻

𝐻0
= 1.17 − 0.0635 𝐶𝐶 − 0.00295 𝑅𝐻                                                            (14d) 

𝐻

𝐻0
= 0.881 − 0.00588 𝑊𝑆 − 0.00424 𝑅𝐻                                                        (14e) 

Table 1: Statistical validation indices for two variable correlation models 

Models R2 MBE RMSE MPE t NSE IA 

Eqn.14a 99.0 -0.0082 0.3832 0.0450 0.0706 99.6097 99.9025 

Eqn.14b 98.6 -0.0176 0.4375 0.0564 0.1335 99.4913 99.8725 

Eqn.14c 98.5 0.1067 0.4547 -0.5243 0.8004 99.4504 99.8645 

Eqn.14d 98.2 -0.0352 0.4938 0.1541 0.2368 99.3520 99.8374 

Eqn.14e 97.6 -0.0057 0.5656 0.0686 0.0337 99.1497 99.7890 
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Table 1 shows the validation indices for the two variable correlations for 
Jos. The model (Eqn. 14a) has the highest value of R2 with 99.0 %. The 
model (Eqn. 14e) has the lowest MBE value with underestimation of 
0.0057 𝑀𝐽𝑚−2𝑑𝑎𝑦−1 in its predicted value. The model (Eqn. 14a) has the 
lowest RMSE value of 0.3832 𝑀𝐽𝑚−2𝑑𝑎𝑦−1. The model (Eqn. 14a) has the 

lowest MPE value with overestimation of 0.0450 % in its predicted value. 
The model (Eqn. 14e) has the lowest 𝑡 − test value of 0.0337. The model 
(Eqn. 14a) has the highest NSE and IA value with 99.6097 % and 99.9025 
% respectively.  

Table 2: Rank obtained for the two variable correlation models for Jos 

Models R2 MBE RMSE MPE t NSE IA Rank 

Eqn.14a 1 2 1 1 2 1 1 9 

Eqn.14b 2 4 2 2 3 2 2 17 

Eqn.14c 3 5 3 5 5 3 3 27 

Eqn.14d 4 3 4 4 4 4 4 27 

Eqn.14e 5 1 5 3 1 5 5 25 

 
The various ranks obtained by for the two multivariate regression models 
(Table 2) are within the range of 9 to 27. In general, the results revealed 
that the model equation (Eqn. 14a) that relates the response variable with 

the predictor variables of sunshine duration and relative humidity was 
found more suitable for global solar radiation prediction in Jos as 
compared to other multivariate models. 

 

Figure 1: Correlation between the measured and estimated global solar radiation for two variable correlations in Jos 

Figure 1 displayed the correlation between the measured and the 
predicted global solar radiation for two variable correlations in Jos. The 
figure shows that all the predicted models underestimated the measured 
global solar radiation in the months of June, September and November. It 
is apparent that the model (Eqn. 14c) overestimated the measured and 
other estimated models in the months of April, October and December; 
similarly, are the model (Eqn. 14e) in March and the model (Eqn. 14a) in 
the month of May.  

The multivariate regression models for three variable correlations for Jos 
are: 

𝐻

𝐻0
= 0.722 + 0.224

𝑆

𝑆0
− 0.00470 𝑇𝑚𝑒𝑎𝑛 − 0.00287 𝑅𝐻                            (15a) 

𝐻

𝐻0
= 0.629 + 0.293

𝑆

𝑆0
− 0.00646 𝑊𝑆 − 0.00267 𝑅𝐻                                          (15b) 

𝐻

𝐻0
= 0.737 + 0.252

𝑆

𝑆0
− 0.0254 𝐶𝐶 − 0.00229 𝑅𝐻                                    (15c) 

𝐻

𝐻0
= 0.995 − 0.00970 𝑇𝑚𝑒𝑎𝑛 − 0.000335 𝑅𝐹 − 0.00276 𝑅𝐻                    (15d) 

𝐻

𝐻0
= 0.556 + 0.306 

𝑆

𝑆0
+ 0.000086 𝑅𝐹 − 0.00279 𝑅𝐻                               (15e) 

Table 3: Statistical validation indices for three variable correlation models 

Models R2 MBE RMSE MPE t NSE IA 

Eqn.15a 99.3 0.0231 0.3115 -0.1345 0.2468 99.7422 99.9357 

Eqn.15b 99.1 -0.0106 0.3502 0.0630 0.1004 99.6740 99.9185 

Eqn.15c 99.1 -0.0276 0.3670 0.1241 0.2506 99.6421 99.9102 

Eqn.15d 99.1 0.0037 0.3519 -0.0327 0.0353 99.6710 99.9178 

Eqn.15e 99.0 -0.0293 0.3795 0.1370 0.2570 99.6172 99.9040 
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Table 3 shows the validation indices for the three variable correlations for 
Jos. The model (Eqn. 15a) has the highest value of R2 with 99.3 %. The 
model (Eqn. 15d) has the lowest MBE and is overestimated by 
0.0037 𝑀𝐽𝑚−2𝑑𝑎𝑦−1 in its predicted value. The model (Eqn. 15a) has the 
lowest value of RMSE with 0.3115 𝑀𝐽𝑚−2𝑑𝑎𝑦−1. The model (Eqn. 15d) has 

the lowest value of MPE with 0.0327 % underestimated predicted value. 
The model (Eqn. 15d) has the lowest 𝑡 − test value of 0.0353. The model 
(Eqn. 15a) was found to be having the highest value of NSE and IA with 
99.7422 % and 99.9357 % respectively.  

 

Table 4: Rank obtained for the three variable correlation models for Jos 

Models R2 MBE RMSE MPE t NSE IA Rank 

Eqn.15a 1 3 1 4 3 1 1 14 

Eqn.15b 2 2 2 2 2 2 2 14 

Eqn.15c 2 4 4 3 4 4 4 25 

Eqn.15d 2 1 3 1 1 3 3 14 

Eqn.15e 3 5 5 5 5 5 5 33 

The various ranks obtained for the three multivariate regression models 
(Table 4) are within the range of 14 to 33. In general, the results revealed 
that the model equations (Eqn. 15a, 15b and 15d) that relate the response 

variable with the predictor variables found in the equations were found 
more suitable for global solar radiation prediction in Jos as compared to 
other multivariate models. 

 

Figure 2: Correlation between the measured and estimated global solar radiation for three variable correlations in Jos 

Figure 2 displayed the correlation between the measured and the 
predicted global solar radiation for three variable correlations in Jos. The 
figure shows that all the predicted models were found to have 
underestimated the measured global solar radiation in the months of June, 
September, November and December.  

The multivariate regression models for four variable correlations for Jos 
are 

𝐻

𝐻0
= 0.772 + 0.229

𝑆

𝑆0
− 0.00563 𝑊𝑆 − 0.00448 𝑇𝑚𝑒𝑎𝑛 − 0.00297 𝑅𝐻                 (16a) 

𝐻

𝐻0
= 1.02 + 0.218 

𝑆

𝑆0
− 0.0112 𝑊𝑆 − 0.0499 𝐶𝐶 − 0.00227 𝑅𝐻            (16b) 

𝐻

𝐻0
= 0.678 + 0.350

𝑆

𝑆0
− 0.0132 𝑊𝑆 − 0.000308 𝑅𝐹 − 0.00369 𝑅𝐻    (16c) 

𝐻

𝐻0
= 0.776 + 0.181

𝑆

𝑆0
− 0.00605 𝑇𝑚𝑒𝑎𝑛 − 0.000133 𝑅𝐹 − 0.00258 𝑅𝐻              (16d) 

𝐻

𝐻0
= 0.641 + 0.234

𝑆

𝑆0
− 0.00589 𝑇𝑚𝑒𝑎𝑛 + 0.0174 𝐶𝐶 − 0.00313 𝑅𝐻  (16e) 

Table 5: Statistical validation indices for four variable correlation models 

Models R2 MBE RMSE MPE t NSE IA 

Eqn.16a 99.4 -0.0139 0.2835 0.0492 0.1623 99.7864 99.9464 

Eqn.16b 99.4 -0.1093 0.3093 0.5077 1.2521 99.7457 99.9354 

Eqn.16c 99.4 -0.0226 0.2981 0.0948 0.2524 99.7639 99.9408 

Eqn.16d 99.4 0.0057 0.2958 -0.0485 0.0635 99.7675 99.9418 

Eqn.16e 99.4 -0.0176 0.3048 0.0631 0.1922 99.7532 99.9381 

 
Table 5 shows the validation indices for the four variable correlations for 
Jos. All the models have the same R2 (99.4%). The model (Eqn. 16d) has 
the lowest MBE value with overestimation of 0.0057 𝑀𝐽𝑚−2𝑑𝑎𝑦−1 in its 
predicted value. The model (Eqn. 16a) has the lowest value of RMSE with 

0.2835 𝑀𝐽𝑚−2𝑑𝑎𝑦−1. The model (Eqn. 16d) has the lowest MPE which 
underestimated 0.0485 % in its predicted value. The model (Eqn. 16d) has 
the lowest value of 𝑡 − test with 0.0635. The model (Eqn. 16a) has the best 
(highest) value of NSE and IA with 99.7864 % and 99.9464 % respectively.  
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Table 6: Rank obtained for the four variable correlation models for Jos 

Models R2 MBE RMSE MPE t NSE IA Rank 

Eqn.16a 1 2 1 2 2 1 1 10 

Eqn.16b 1 5 5 5 5 5 5 31 

Eqn.16c 1 4 3 4 4 3 3 22 

Eqn.16d 1 1 2 1 1 2 2 10 

Eqn.16e 1 3 4 3 3 4 4 22 

 
The various ranks obtained for the four variable multivariate regression 
models (Table 6) are within the range of 10 to 31. In general, the results 
revealed that the model equations (Eqn. 16a and 16d) that relates the 

response variable with the other predictor variables were found more 
suitable for global solar radiation prediction in Jos as compared to other 
multivariate models. 

 

Figure 3: Correlation between the measured and estimated global solar radiation for four variable correlations in Jos 

Figure 3 displayed the correlation between the measured and the 
predicted global solar radiation for four variable correlations in Jos. The 
figure clearly shows that all the predicted models overestimated the 
measured global solar radiation in the months of May, August and October 
and underestimated the measured in the months of June, September and 
December. It is clear that the model (Eqn. 16b) underestimated the 
measured and other estimated models in the months from March, June, 
July and November.  

The multivariate regression models for five variable correlations for Jos 
are 

𝐻

𝐻0
= 0.915 + 0.276

𝑆

𝑆0
− 0.0133 𝑊𝑆 + 0.000173 𝑅𝐹 − 0.0328 𝐶𝐶 −

0.00298 𝑅𝐻                                                                                                               (17a) 

𝐻

𝐻0
= 0.894 + 0.219

𝑆

𝑆0
− 0.00799 𝑊𝑆 − 0.00290 𝑇𝑚𝑒𝑎𝑛 − 0.0218 𝐶𝐶 −

0.00268 𝑅𝐻                                                                                                                (17b) 

𝐻

𝐻0
= 0.753 + 0.263

𝑆

𝑆0
− 0.00797 𝑊𝑆 − 0.00339 𝑇𝑚𝑒𝑎𝑛 + 0.000098 𝑅𝐹 −

0.00322 𝑅𝐻                                                                                                             (17c) 

Table 7: Statistical validation indices for five variable correlation models 

Models R2 MBE RMSE MPE t NSE IA 

Eqn.17a 99.5 -0.0033 0.2808 0.0006 0.0392 99.7904 99.9475 

Eqn.17b 99.5 0.0242 0.2810 -0.1349 0.2862 99.7902 99.9476 

Eqn.17c 99.4 0.0015 0.2827 -0.0247 0.0181 99.7876 99.9469 

 
Table 7 shows the validation indices for the five variable multivariate 
regression models for Jos. The models (Eqn. 17a and Eqn. 17b) have the 
highest value of R2 with 99.5 %. The model (Eqn. 17c) has the lowest MBE 
and 0.0015 𝑀𝐽𝑚−2𝑑𝑎𝑦−1 overestimated predicted value. The model (Eqn. 
17a) has the lowest RMSE with 0.2808 𝑀𝐽𝑚−2𝑑𝑎𝑦−1 value. The model 

(Eqn. 17a) having the lowest value of MPE with 0.0006% overestimation 
in its predicted value. The model (Eqn. 17c) has the lowest 𝑡 − test value 
of 0.0181. (Eqn. 17a) has the best (highest) NSE value with 99.7904 % and 
(Eqn. 17b) has the best (highest) IA value with 99.9476 %.  

Table 8: Rank obtained for the five variable correlation models for Jos 

Models R2 MBE RMSE MPE t NSE IA Rank 

Eqn.17a 1 2 1 1 2 1 2 10 

Eqn.17b 1 3 2 3 3 2 1 15 

Eqn.17c 2 1 3 2 1 3 3 15 

The various ranks obtained for the five variable correlation models (Table 
8) are within the range of 10 to 15. In general, the results revealed that the 
model equations (Eqn. 17a) that relates the response variable with 

predictor variables was found more suitable for global solar radiation 
prediction in Jos as compared to other multivariate models. 
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Figure 4: Correlation between the measured and estimated global solar radiation for five variable correlations in Jos 

Figure 4 displayed the correlation between the measured and the 
predicted global solar radiation for five variable correlations in Jos. The 
figure shows that all the various predicted models overestimated the 
measured global solar radiation in the months of January, February, May, 
August and October and underestimated the measured in the months of 
April, June, September and December.  

The multivariate regression models for six variable correlations for Jos 
are: 

𝐻

𝐻0
= 0.890 + 0.261

𝑆

𝑆0
− 0.0114 𝑊𝑆 − 0.00121 𝑇𝑚𝑒𝑎𝑛 + 0.000128 𝑅𝐹 −

0.0256 𝐶𝐶 − 0.00297 𝑅𝐻                                                                                    (18) 

Table 9: Statistical validation indices for six variable correlation models 

Models R2 MBE RMSE MPE t NSE IA 

Eqn.18 99.5 0.0076 0.2792 -0.0524 0.0901 99.7929 99.9482 

 
The statistical test indices for the six variable correlations as shown on 
Table 9 revealed high significant relationship between the predicted and 

the observed global solar radiation based on the six meteorological 
parameters used in Jos. 

 

Figure 5: Correlation between the measured and estimated global solar radiation for six variable correlations in Jos 

Figure 5 displayed the correlation between the measured and the 
predicted global solar radiation for six variable correlations in Jos. The 
figure revealed that the estimated model overestimated the measured 
global solar radiation in the months of January, February, May, August, and 
October and underestimated the measured in the months of April, June, 
September, November and December. There is no noticeable difference in 
the month of March.  

4. CONCLUSION 

In this present investigation, multivariate regression models were 
developed. The developed models were statistically tested using seven 

different validation test indices. The results revealed that the developed 
multivariate regression models were found appropriate for the prediction 
of global solar radiation in Jos with high accuracy. The two variable 
multivariate regression model (Eqn. 14a) that correlated the response 
variable with the predictor variables of sunshine duration and relative 
humidity was reported more accurate. The three variable multivariate 
regression model (Eqn. 15a, 15b and 15d) that correlates the response 
variable with the predictor variables of sunshine duration, mean 
temperature and relative humidity; response variable with the predictor 
variables of sunshine duration, wind speed and relative humidity; 
response variable with the mean temperature, rainfall and relative 
humidity was reported more accurate. The four variable multivariate 
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regression model (Eqn. 16a and 16d) that correlates the response variable 
with the predictor variables of sunshine duration, wind speed, mean 
temperature and relative humidity; response variable with the predictor 
variables of sunshine duration, mean temperature, rainfall and relative 
humidity was reported more accurate. The five variable multivariate 
regression model (Eqn. 17a) that correlates the response variable with the 
predictor variables of sunshine duration, wind speed, rainfall, cloud cover 
and relative humidity was reported more accurate. The six variable 
multivariate regression model (Eqn. 18) that correlates the response 
variable with the meteorological parameters shows a high significant 
relationship for the location and is suitable for Jos. This unique study is 
important because the developed multivariate regression models are 
simple and the meteorological parameters used are readily available in the 
location under investigation.   
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