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Abstract

A simple and empirical model for the estimation of
average monthly global solar radiation for a
Nigerian location is presented. Regression coeffi-
cients satisfying the Angstrom-page model have
been obtained using clearness index (KT) and the
relative sunshine data for the location. The test of
validity of the model was done by evaluating the fol-
lowing statistical parameters: the mean bias error
(MBE), root mean square error (RMSE), mean per-
centage error (MPE) and the correlation coefficient
(CC). The results obtained from the statistical tests
show that the new model is reliable for high preci-
sion estimation of global solar radiation. A compar-
ison between the new model and other models is
presented.
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1. Introduction
The design and operation of any solar energy sys-
tem requires a good knowledge of the solar radia-
tion data in a location. This data finds application in
agriculture, climatology, meteorology, etc. Since the
solar radiation reaching the earth’s surface varies
with climatic conditions of a place, a study of solar
radiation under local climatic condition is essential.
Measured values of solar radiation can be in the
form of global solar radiation, diffused solar radia-
tion or beam solar radiation. The average daily val-
ues of these three parameters are sought after
(Falayi and Rabiu, 2005) for various applications.
Unfortunately these parameters are not measured
or not reliably estimated in many parts of the world
especially in the developing nations because of the
lack of the measuring facilities. Solar radiation data
for many parts of these countries are extrapolated

from measured data collected from the few distant
stations. This extrapolated data has been shown
(Awachie and Okeke, 1985) to be of low precision
even when the place of measurement is close.

An alternative to a weather station is the use of
solar radiation predicting models. This requires the
correlation of some climatic and meteorological
parameters with the global solar radiation. One
advantage of this approach is that some of the
meteorological parameters, for example, ambient
temperature can easily be measured in most places.
Many researchers across the globe have predicted
global solar radiation with high accuracy using data
from sunshine duration, relative humidity, cloud
cover and ambient temperature (Glover and
McCulloch, 1958; Ododo et al., 1996; DeMiguel et
al., 1994; Ibrahim, 1985; Ahmad and Ulfat, 2004;
Fariba et al., 2013; Hacer and Harun, 2012).

In Nigeria, global solar radiation has been esti-
mated using ambient temperature, cloud cover and
relative sunshine duration for different locations
(Awachie and Okeke, 1990; Ododo et al., 1996;
Sambo, 1988; Ezekwe, 1988; Udo and Aro, 1999;
Yohanna, 2011). New model equations for the esti-
mation of solar radiation in Nigeria arising from a
linear superposition of the effects of relative sun-
shine duration, maximum air temperature and rela-
tive humidity have been proposed and used in
Maiduguri, and other locations in north-eastern
Nigeria (Ododo, 2006; Ododo et al., 2006;
Muyiwa, 2012). A predicting model which uses only
maximum ambient temperature has been devel-
oped for Nsukka (Awachie and Okeke, 1990). The
models of Sambo (Sambo, 1986) and Bamiro
(Bamiro, 1983) tested at Nsukka showed a very
poor correlation with the measured data with a per-
centage difference of between 25-30% (Ezekwe
and Ezeilo, 1981). This paper therefore presents
and validates a new model of the Angstrom-Page
type for the estimation of monthly average daily
global solar radiation in Nsukka, Nigeria.
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2. Methodology

One year of data of the monthly average daily
extra-terrestrial radiation on a horizontal surface,
H,, the day length, s, and the number of hours of
bright sunshine, s obtained for Nsukka (Latitude
6.8°N longitude 7.29°E) were correlated with the
measured global solar radiation using the
Angstrom-Page linear regression model defined as
(Igbal, 1983):
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where the day length, s, is obtained from the
Cooper’s formula (Cooper, 1969) as:
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The monthly average daily extra-terrestrial
radiation on a horizontal surface, Hy, (MJm*day™?)
can be obtained by the expression:
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and the daily extra-terrestrial radiation on a
horizontal surface, H,, is given as:
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E, as given in equation (5) is the eccentricity
correction factor of the earth for each day of the
month and n; and n, in equation (3) are the day
numbers at the beginning and end of the month,
respectively. [, is the solar constant (I, = 1367
W/m?) and angles # and 0 are respectively the
latitude of the location and the declination angle.
The declination angle and the sunset hour angle,
w,can be defined by the relations:
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H, and s, were computed for each month using
equations 2 and 3. Regression analyses were
performed between the clearness index (K; =
H/H,) and the relative sunshine duration (s/s,)
using MATLAB® computer program. The
regression para-meters, a; and a, satisfying
Angstrom-page model was obtained as:
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The deviation between the estimated values of
global solar radiation based on our model
(equation 8) and the measured values were
determined using the root mean square error
(RMSE) and the mean bias error (MBE) as
proposed by Stone (1993). The correlation
coefficient (CC) and the mean percentage error
(MPE) were also determined. These statistical tools
are defined thus (Igbal, 1983):
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where y, is the i" predicted value, x, the i

measured value, yand X are the predicted and

measured mean values respectively and N the
number of observations.

For comparison, one year measured data for
Nsukka was obtained from Awachie and Okeke
(1990) and compared with the new model and the
models of Awachie and Akpabio. Awachie and
Okeke (1990) correlated the maximum ambient
ilemperature, T,, with the global solar radiation for
Nsukka as:

H=-8.7+0.8T, (13)
Akpabio and Etuk (2003) developed a model for
»stimating global solar radiation for the rainforest
slimatic zone of southern Nigeria. This model is
2xpressed as:
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[he model of Akpabio and Etuk (2003) was also
1sed to predict global solar radiation at Nsukka and
he results are compared with that of our proposed
nodel.
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3. Results and discussions

Figure 1 shows the plots of measured and predicted
monthly average daily global radiation using our
derived model and that of Awachie and Okeke
(1990) and Akpabio and Etuk (2003). We observe
that the results from the predicting models show a
good agreement with measured values especially
within the first six months of the year. For all the
models, H shows high values in the first four
months of the year before dropping to its lowest val-
ues in August. The low value of H obtained for
August is expected since it lies within the peak of
rainy season in Nsukka. Generally, the percentage
error for our model and Awachie/Okeke’s is below
10% across all the months of the year. This error
range is considered good for validating a model
(Akpabio and Etuk, 2003).

The validity test for the predicting models is fur-
ther demonstrated by the low values of the RMSE,
MBE and the near-one value of the CC as in Table
1. These tests results is also an indication of the reli-
ability and accuracy of the Angstrom-page model
for predicting global solar radiation using hours of
bright sunshine data. The test results for the three
models indicate that they are all suitable for esti-
mating global solar radiation in Nsukka. However,
our model shows the highest precision among the
three models given its lowest values of MBE, RMSE
and MPE.

Table 1: Validity test results of the predicting

The wvalues of the regression coefficients
obtained for our model though different from that
of Akpabio/Etuk gives a better prediction for
Nsukka. It also strengthens the fact that solar radia-
tion predicting models should be location specific so
as to avoid extrapolation errors arising from using
models developed for a particular station in a dif-
ferent location. The model of Awachie/Okeke
though based only on one climate variable still
shows a high precision for predicting global solar
radiation. This indicates that maximum ambient
temperature of a location correlates highly with the
global solar radiation, thus can be used for solar
radiation estimation.

4. Conclusion
The regression parameters of the Angstrom-page
model for estimating global solar radiation have
been determined for Nsukka. The model equation
is expressed as

—0.1150+0.5666->)
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: The model has been validated following the statis-
tical tests results obtained as follows: MBE (0.0099),
RMSE (0.651), CC (0.924) and MPE (0.213). In
comparison with other models, our derived model
shows a relatively higher precision ability

models
Model MBE RMSE ccC MPE
Our model 0.0099 0.651 0924 0.213
Akpabio/ETuk 0.264 0.818 0.906 2.117
Awachie/Okeke  -0.164 0.747 0910 -0.96
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In the x-axis indicating the months of the year, January stands for 1 while December stands for 12

Figure 1: The predicted values of the monthly average daily global solar radiation
from January to December
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