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(M J/m2) using a conversion factor proposed by Folayan (Folayan, 
1988), which is 1 ml = 1.357 M J/m2 
 
 
Relevant multivariate linear regression analysis theory 
 
Multivariate regression analysis is a technique for modeling and 
analyzing several variables when the focus is on the relationship 
between a dependent variable and one or more independent 
variables. For instance, let z1, z2 zr be a set of r predictors b e l i e v e d  
to be related to a response variable Y. The multivariate linear 
regression model for the jth sample unit has the form: 
 
Y = α + β1zj1 + β2zj2 + ... + βr zjr + εj                                           1 
 
where εj is a random error, the βi where i = 1, 2, r are 
unknown parameter estimates and α is the intercept. With n 
independent observations, one model can be written for each 
sample unit or can be organized into vectors and matrices so 
that the model now becomes 
 
 
Y = Z β + ε                                                                                         2 
 
where 
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Least squares estimation 
 
Ordinary least squares (OLS) estimates are commonly used to 
analyze both experimental and observational data. The OLS 
method minimizes the sum of squared residual, and leads to a 
closed-form expression for the estimated va lue  of the unknown 
parameter β: 
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where β̂ denote the least squares estimate of β and Z 0 denotes 
the transpose of Z. 
 
 

RESULTS AND DISCUSSION 
 

Distribution of solar radiation with meteorological 
variables 
 

Figures 2 to 5 show the distribution of solar radiation with 
meteorological variables, which are, the minimum and 
maximum temperatures, wind speed and evaporation for 
four stations, that is one from each of the four climatic 
regions in Nigeria. 

In Sokoto, it was observed that minimum and maximum 
temperatures and evaporation increased with solar 

radiation between  January and June and also between 
September and November. A downward trend was discer-  

 
 
 
 
nible between July-September as  shown in Figures 2a-
b. The increasing trends between January and June 
may be due to the fact that d u r i n g  these months, dry 
season condition is predominant in this station. The 
decreasing trend in July-September may be due to the 
presence of disturbances l ike cumulous cloud and cloud 
cluster which are significant enough to cause variation in 
weather (Adeyemi, 2004). During this period, all regions 
in Nigeria will be experiencing intense rainfall because 
the intertropical discountinuity (ITD) wou ld  have reached 
its maximum northern pos i t i on . Wind speed on other 
hand shows an opposite trend to solar radiation d u r i n g  
dry season. For instance, b e t w e e n  January and March, 
solar  radiation i n c r e a s e s  as wind speed decreases. 
However, wind speed and solar radiation show the 
same downward trend between June and August, the 
rainy season in the Sahelian zone (Figure 2c). This 
shows that intense rainfall decreases the intensity of 
solar radiation a n d  the rate of wind flow in the zone. 

Meanwhile, there is increasing trends between 

September and November, another phase of dry season. 
This may due to the fact that t h e  dry season period 
in the zone is characterized b y  mostly turbulent flow of 
wind. Solar radiation a n d  evaporation show the same 
increasing and downward trends (Figure 2d). The 

increasing trends are discernible between January-
May a n d  September-November, the dry season period 
and downward trends between June and August, the 
rainy season period. This is in agreement with Graham 
et al. (2004) argument that the physics of evaporation 
shows that the evaporative demand of the atmosphere 
is directly dependent on the net radiation w h i c h  is 
dependent on solar radiation. 

In Yola, there are increasing trends in variations of solar 
radiation with temperatures, wind speed and evaporation 
between January-April and September-December, the 
dry season period (Figures 3a-d). This may due to the 
topography of the zone that is characterized by short 
grasses and scattered drought-resistant tree which aids 
incessant surface heating that caused water vapour to 
be transported to the higher layers of the atmosphere 
through buoyancy (Adeyemi et al., 2004; Aro, 1975). 
Also, solar radiation shows downward trends with the 
four meteorological variables between April and August, 
the rainy season period in the zone. This may likened 
to the presence of the localized convection due to the 
usual long period of humid condition in the zone. In 
Ibadan, the dry and the wet season occurrence are 
greatly influenced by its latitudinal location and solar 
radiation has considerable seasonal variations. There 
are downward trends between March and September 
in the distribution of solar radiation w i t h  temperatures 
and evaporation as shown in Figures 4a, b and d, that 
is, during the rainy season period. This may due to the 
fact that these months being the core rainy months, are 
characterized by incessant cloud formation and thereby 
depleting  the  amount  of  solar radiation reaching the 
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Yola 
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ribution of (a) 
wind speed (d) 

tivariate param
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4.85 
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solar radiation 
solar radiation 
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8.43 
5.30 
13.17 
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0.1476 -0
0.3887 -0
0.3169 0
0.4416 -0
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0.0944 0
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0 22.9
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0 1.5808 
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Conclusion 
 
The distribution of solar radiation with meteorological 
variables for fourteen stations which represent climatic 
conditions in Nigeria shows that the linear combination 
of these variables can be used to predict solar radiation. 
Analysis have shown that s trong correlation exists 

between solar radiation and all the meteorological para-
meters at the selected stations. The statistical indi-
cators have also confirmed the efficiency of the 
developed models. For instance, the values of R2, MBE, 
RMSE and MPE for Sokoto, a Sahelian station are 
0.5349,-0.0273,0.4154 and 0.0811 respectively, showing 

that t h e  model for Sokoto is significant. Those for other 
stations have also been calculated with all showing high 
level of significance at 0.05 alpha levels. Therefore, the 
multivariate linear models developed in this research 
work for each of the fourteen stations is suitable for 
estimating solar radiation data in the stations and their 
proximate cities. 
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