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ABSTRACT
There are many models for the prediction of global solar radiation, but the suitability of these models varies
with locations and other factors. Knowing a particular model(s) suitable for the prediction of the global solar
radiation in a place will allow a reliable result to be obtained, hence proper planning. The aim of this work is to
determine the best model among Udo’s and Fagbenle’s models, which is most suitable for Akure.
The global solar radiations for the five years (2001-2005) were calculated using the two models, and the
standard error and root mean square error were calculated. From the result, it was observed that Fagbenle’s
model has less error compared to Udo’s model for the area under study. It was then concluded that Fagbenle’s
model is most suitable for the prediction of global solar radiation in Akure.
KEYWORDS: Sunshine duration, Global solar radiation, Sunset angle, Standard error.

1. INTRODUCTION
The amount of this energy available in a place depends on the location, time of the year, and
atmospheric conditions [Helena et al., 2011]. In other words, the data of solar insolation recorded or
measured varies from place to place, as well as time. In this, the model developed using a data of one
particular place may not work in another location.
Research outcomes on studies of global solar radiation have facilitated improvement in Agronomy,
power generation, environmental temperature controls, etc. [Ugwu and Ugwuanyi, 2011]. This is
because the availability of the result of such works will help in adequate planning and management in
these important areas- power generation, environmental temperature controls, water resources
management and telecommunication.

2. RELATED WORKS
Many works in this research area have been done in many parts of the country, including Akure, such
as the works by Falodun and Ogolo in 2007. In their work, the meteorology data between 1975 and
2006 collected from the Archive of Nigeria Meteorological agency (NIMET) was used. It was
observed from their result that there is seasonal variation in global radiation, and that the dry months
have comparably larger values than wet months.
Chiemeka and Chineke, 2009, tried to estimate the solar radiation at Uturu Abia state Nigeria,
latitude 5.33˚N and 6.33˚N. He obtained temperature data from 5th – 31st October 2007 using the
maximum and minimum thermometer placed in Stevenson screen at 1.5m after which he used the
Hargreaves equation to obtain the estimate.
Ojo and Babatunde (2014) made use of the data of 1970 -1990 to develop monthly models for the
evaluation of solar radiation data over Nigeria. They used contour method to observe the monthly
latitudinal distribution of solar radiation over Nigeria. Their result showed that solar radiation
increases with latitude.
Ayegba and Gazere (2017) studied the Suitability of Some Global Solar Radiation Prediction Models
in Jos, Plateau State, Nigeria using Hargreaves-Samanni’s model, Angstrom model, Torgul and
Torgul’s model, Oz’s model, Udo’s model, Fagbenle’s model and Akinoglu and Ecevit’s model. The
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result shows that Udo’s model has the least standard error and mean bias error, and HargreaveSamanni model has the least root mean square error according to the result.
The approaches used in the previous works done in this same study area are different from this one as
they seek to determine the global solar radiation of the area. In addition, the work done in Plateau
state may be similar to this work but such work has not been done in Akure the study area, thus
making this work necessary.

3. MATERIALS AND METHOD
3.1 Materials: The materials which are the sunshine duration, average monthly global solar radiation
and maximum and minimum temperature data of the study area was used for the research work. The
data covers five years (2001 -2005), and was obtained from the archive of Nigeria meteorological
agency (NIMET), Oshodi, Lagos state. Microsoft excel package was used for the computations.
3.2 Method
The research work will make use of Udo’s and Fagbenle’s models. The models make use of data of
maximum and minimum temperatures as well as sunshine duration of the study area. It will also make
use of Microsoft excel package for the computation of the parameters. Fagbenle’s models was the
model developed and recommended for Nigeria environment in 1993, while Udo’s model was
developed for Ilorin, north-central Nigeria in 2002. The two models are given as follow:
I. Udo’s model: The model is represented by the equation given as:
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Rs  Ra  0.053  1.280

 SO
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II. Fagbenle’ model: The model is represented by the equation given as:
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 SO
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 ---------- 2



3.3: Calculation procedure
a. Calculation of solar radiation declination (  ): Solar radiation declination is defined as the angle
made between a ray of the sun, when extended to the centre of the earth and the equatorial plane. The
solar radiation declination has the formula given as;

 2

J  1.39  ----------- 3
 365


  0.409Sin

where J is the number of the day in the year between 1 (1January) and 365 or 366 (31 December) and
 is solar radiation declination in radian.
b. Calculation of inverse relative distance Earth-sun (dr): Inverse relative distance Earth-sun is the
inverse distance of the sun relative to the earth at a location. It is calculated using the formula given
as;

 2J 
d r  1  0.033Cos
 -- 4
 365 
c. Calculation of sunset angle (ws): Sunset angle is the angle of the daily disappearance of the sun
below the horizon due to the rotation of the earth. Sunset time is the time in which the trailing edge of
the sun’s disk disappears below the horizon. It is calculated using the formula given as;
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 s  Cos 1  tan( ) tan( ) -- 5
where  s is the sunset angle (radian),  is the solar radiation declination (radian), and  is latitude
angle of the location (radian).
d. Calculation of extraterrestrial solar radiation (Ra): Extraterrestrial solar radiation is the intensity
or power of the sun at the top of the earth’s surface. The extraterrestrial radiation is calculated using
the formula given as;
Ra 

24(60)
Gscd r ws Sin ( ) Sin ( )  Cos( ) Sin ( ws ) ------ 6


Ra is extraterrestrial radiation ,dr is the inverse relative earth-sun distance,  is the latitude angle, wsis
the sunset angle, and Gsc is solar constant given as 0.0820 MJ m-2 min-1 or 1367wm-2.
e. Calculation of day length: The day length, So, is calculated using the formula given as:

So 

2
ws ------------- 7
15

where ws is the sunset angle.

4. RESULTS AND DISCUSSION
Table 1.0: Calculated Global solar radiation for the study area using Udo’s model
Month/year

2001

2002

2003

2004

2005

Jan

14.65

14.65

16.37

16.57

11.83

Feb

15.95

16.77

14.98

17.34

15.80

Mar

17.75

17.88

14.41

16.53

13.03

Apri

16.44

17.82

16.25

17.82

16.25

May

14.52

17.84

15.17

17.38

17.05

June

11.70

13.83

14.47

12.69

12.45

July

7.07

6.43

11.85

4.77

10.01

Augu

12.13

7.23

6.91

9.39

11.35

Sept

8.07

7.42

10.51

6.06

10.51

Oct

13.77

16.57

15.85

10.98

15.66

Nov

15.60

16.65

16.78

17.15

15.77

Dec

13.25

16.13

16.83

14.95

15.10

Table 1.0 represents the calculated global solar radiation of the study area from 2001 to 2005 using
Udo’s model. From the result, it was observed that in 2001 and 2002, the maximum global solar
radiation (17.75 MJ/m2day and 17.88 MJ/m2day) occurred in March, but in 2003, the maximum
global solar radiation (16.83MJ/m2day) occurred in December. In 2004 and 2005, the maximum
global solar radiation (17.82 MJ/m2day and 17.05 MJ/m2day) occurred in April and May respectively.
This means the maximum monthly global solar radiation varies from year to year. However, the
minimum global solar radiation over this period was found to take place in August, probably as a
result of more rainfall in the month of August in the study area than in other months.
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Table 2.0: Calculated Global solar radiation for the study area using Fagbenle’s model
Month/year

2001

2002

2003

2004

2005

Jan

17.98

17.98

20.79

21.27

15.40

Feb

19.63

20.99

18.40

22.21

19.42

Mar

22.13

22.38

18.11

20.29

17.09

Apri

20.21

21.97

20.00

21.97

20.00

May

18.39

22.05

18.93

21.37

20.93

June

16.34

17.68

18.18

16.91

16.76

July

14.48

14.32

16.34

13.97

15.47

Augu

16.67

14.75

14.66

15.43

16.27

Sept

15.16

14.98

16.04

14.64

16.04

Oct

17.65

20.33

19.50

16.00

19.30

Nov

19.15

20.67

20.91

21.62

19.36

Dec

16.50

20.31

22.01

18.36

18.57

Table 2.0 shows the calculated global solar radiation using Fagbenle’s model. It was observed that the
result of the global solar radiation calculated with Fagbenle’s model has higher values compared to
that of the Udo’s. In terms of the monthly variation of the peak global solar radiation over this period,
the same trend as observed in the Udo’s model was observed here to some extent. The peak values of
the global solar radiation occurred in March and April in 2001 and 2002, while it occurred in
December, February and April in 2003, 2004 and 2005 respectively. But in terms of the minimum
global solar radiation, it was not constant in August throughout the study period as seen in Udo’s
model. It was found to alternates between June, August and July. However, in both models, there
were variations in the monthly global solar radiation of the area for the study period.
Table 3.0: Standard error and root mean square error
Years

2001

2002

2003

2004

2005

SD Error
(Udo)
SD
Error(Fagb.)
RMSE
(Udo)
RMSE
(Fagbe.)

1.694

1.676

1.553

1.465

1.245

1.116

1.053

1.084

0.959

0.848

2.810

2.530

2.336

1.885

1.889

1.604

1.174

1.242

0.749

0.935

Both the standar error and root mean square error can be used to determine the extent of deviation of
the calculated global solar radiation from the measured (recorded) global solar radiation in the study
area. This is shown in table 3.0. From the table, it was shown that the standard error of Fagbenle’s
model was found to be less than that of Udo’s model. Fagbenle’s model has the minimum standard
error of 0.848 MJ/m2day while that of Udo’s model was 1.245 MJ/m2day. Also, in the case of root
mean square error (RMSE), the minimum value obtained with Fagbenle’s model was 0.749
MJ/m2day, while that of Udo’s was 1.885 MJ/m2day.
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Fig. 1: Graph of standard errors for the two models

Fig. 2: Graph of root mean square errors for the two models
Fig. 1 and 2 represent the graphical illustration of the standard error and root mean square error
respectively. The standar error for both models decresed from 2001 to 2005, while the root mean
square error for Fagbenle’s model decreased from 2001 to 2004, and it increased in 2005, while for
Udo’s model, it was found to increase and decrease from one year to the other throughout the study
period. The two graphs show that the Udo’s model has higher errors than Fagbenle’s model in the
prediction of global solar radiation in Akure, the study area.

5. CONCLUSION
The global solar radiation of Akure has been calculated using the data of minimum and maximum
temperature, and sunshine duration for five years (2001 to 2005), obtained from the archive of Nigeria
meteorological agency (NIMET), Oshodi, Lagos state. The global solar radiation was calculated using
two models- Fagbenle’s and Udo’s models. In addition, the standard error and root mean square error
of the two models were found in order to determine the model that is most suitable for the prediction
of global solar radiation for the study area.
From the result, Fagbenle’s model is found to have minimum standard error and root mean square
error compared to Udo’s model. Therefore, based on the minimum standard error of 0.848 MJ/m2day
and minimum RMSE of 0.749 MJ/m2day for Fagbenle’s model compared to 1.245 MJ/m2day and
1.885 MJ/m2day in that order for Udo’s model, Fagbenle’s model is most suitable than Udo’s model,
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and can be conclusively recommended for the prediction of global solar radiation in Akure, the study
area.

6. FUTURE WORK
There are several models for global solar radiation prediction but only two models were tested in this
work; it is recommended that the suitability of other models for global solar radiation prediction in the
study area be carried out in future work. In addition, the data used for this work was from 2001 –
2005, recent meteorological data should be used for future work using these same models.
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