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Monthly-Specific Daily Global Solar Radiation
Estimates Based On Sunshine Hours In Wa,
Ghana
Emmanuel A. Sarsah, Felix A. Uba
Abstract: Daily mean global solar radiation data are required for solar energy system design evaluation and performance studies is generally not
available for a number of sites especially in remote locations. This study evaluates different empirical models based on Angstrom-Prescott model to
estimate daily mean global solar radiation using month-specific correlations based on sunshine hours. Hourly solar radiation data measured at Wa
Polytechnic weather station from 2010-2012 were used to perform the calculations using selected models. The following models were included:
Angstrom-Prescott, Akinoglu and Ecevit, Samuel, Newland, Ampratwum and Dorvlo, KadirBakirchi and Almoroxet.al. Statistical indices show that all
models for each month show reasonably good agreement with measured data. The model by Ampratwum and Dorvlo in the form 𝐻/𝐻𝑜 = 𝑎 + 𝑏𝑙𝑜𝑔(𝑛/
𝑁)shows very good agreement for most monthly-specific correlations in the year. The models presented can be used to estimate daily and monthly
mean global solar radiation in Wa Polytechnic site and in elsewhere with similar climatic conditions where radiation data are unavailable. The present
work will help to advance the state of knowledge of global solar radiation to the point where it has applications in the estimation of daily mean global
solar radiation.
Key Terms: Daily mean global solar radiation, empirical models, sunshine duration and t-statistics.
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1 INTRODUCTION
Most solar energy applications such as the simulation of
solar energy systems require, at the least, knowledge of
daily values of global solar radiation on a horizontal surface.
Thus, accurate estimation of daily values of global radiation
data is essential for the design and long-term evaluation of
solar energy conversion systems performances, such as in
the design of a solar project, meteorological forecasting,
solar heating, drying and architectural design.In the
applications of solar energy listed above, the most
important parameters that are often needed are the
average
solar
irradiation
and
its
components;
measurements of which are not available at every location
especially in developing countries due to cost, maintenance
and calibration requirements of the measuring equipment
[1]. One way of solving this is using appropriate correlations
which are empirically established, that can be used to
estimate global solar radiation from more readily available
meteorological parameters such as sunshine hours.Several
empirical models have been developed to calculate solar
radiation
from
meteorological,
geographical
and
climatological parameters such as relative humidity,
ambient temperature, soil temperature, number of rainy
days and evaporation [2], [3], [4], [5] ,[6], [7], [8]. In addition,
other empirical models have been developed to calculate
solar radiation from sunshine hours [9], [10], [11], [12]. The
most commonly used parameter for estimating global solar
radiation is sunshine duration.

Among various correlations, the modified version of [13]
model who proposed a linear relationship between the ratio
of average daily global solar radiation to the corresponding
value on a clear sky day and the ratio of average daily
sunshine duration to the maximum possible sunshine
duration and its derivatives have been used widely [1].
Consequently, bright sunshine data at locations can be
used to estimate the values of the global solar radiation with
the help of models listed above. In this study, the first aim
was to evaluate models for the estimation of global solar
radiation on a horizontal surface based on sunshine
hoursfor every month and to recommend the most
appropriate model for Wa Polytechnic weather station. The
second aim was to perform a review of all the existing
models for each month and we made a description of each
model. We then compared the models using the statistical
routine and recommended the most appropriate model for
theevaluation of daily global solar radiation for every month.
Our final aim was to recommend days of the year for
evaluating the mean monthly daily global solar radiation for
every month at Wa Polytechnic weather station and in
elsewhere with similar climatic conditions.

2 CALCULATION PROCEDURE
[13] developed the earliest model used for estimating global
solar radiation, in which sunshine duration data and clear
sky radiation data were used:

H
Hc
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 a  bn / N 

(1)

where 𝐻 is the monthly mean daily global solar radiation,
𝐻𝑐 is the monthly mean clear sky daily global radiation for
the location, 𝑛is the monthly mean daily bright sunshine
duration, 𝑁is the daylength, 𝑎and 𝑏are empirical constants.
A basic difficulty with equation (1) is that, there may be
problems in calculating the clear sky radiation accurately.
By replacing the clear sky radiation with extraterrestrial
radiation, 𝐻𝑜 , this model was modified to a more convenient
form by [14]:
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𝐻𝑜 is calculated from the following equation [15]:
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where 𝐺𝑠𝑐 is the solar constant (1367 W/m2), 𝜙is the latitude
of the location, 𝛿is the sun declination and 𝜔𝑠 is the sunset
hour angle. Declination, sunset hour angle and
daylengthcan be computed by the following equations [14]
and [15]:
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Extraterrestrial radiation on a horizontal surface in daily
periods were calculated numerically for each month using
declination angle, latitude and sunset hour angle from
thecalculation procedure ―(3)‖,‖(4)‖,‖(5)‖,‖(6)‖. Available daily
global solar radiation and sunshine duration hours were
taken from the site of the meteorological station for Wa
Polytechnic from 2010 to 2012. The meteorological data
were collected hourly. From the hourly data set, daily
statistics for each month were prepared for the global solar
radiation and the other meteorological data. The
geographical location of Wa Polytechnic is latitude 10.01°N,
with an altitude of 322 m above sea level. Due to the
limitation of space, monthly measurements and estimated
values for three months in an interval of four months
processed in preparation for the correlations are presented
in Tables 2: (a), (b) and (c). The day of the year in tables(b)
and (c) starts from 1st January.
Table 2(a) . Monthly Global Solar Radiation and other
meteorological data for Wa Polytechnic (January)

(4)

where d is the day of the year, 1  d  365 .
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Further, seven different models have been selected from
different previous studies for estimating daily global solar
radiation. All models have been proposed for estimating
themonthly mean daily global solar radiation,𝐻 based on
the Angstrom-Prescott model. The regression models are
listed in Table 1.
Table 1. Regression models proposed in the literature

3 METHODOLOGY
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Table 2(b). Monthly Global Solar Radiation and other
meteorological data for Wa Polytechnic (June)

ISSN 2277-8616

We then developed equations to estimate 𝐻/𝐻𝑜 for each
month by applying regression analysis to the parameter
𝑛/𝑁 based on the model equations in Table 1. Eight model
equations for each month were formed. The values of daily
global solar radiation were estimated for each month. The
corresponding measured values were compared with the
estimated values using the above eight models for each
month.

4 STATISTICAL ROUTINE
The performance of the eight model equations for each
month was evaluated on the basis of the statistical error
tests, (i.e. the mean bias error (MBE), mean percentage
error (MPE), root mean square error (RMSE), and
coefficient of determination,R2.The equations were also
tested whether they are statistically significant using tstatistics.

4.1 The Mean Bias Error

MBE 

1
N

N

  Ci  M i 

(7)

i 1

where Ciand Miare the forecast and actual values of solar
radiation being forecast respectively, and N is the number
of observations. This test provides information on longterm performance. A low MBEvalue is desired. A mean
error value of zero can mean that the method forecasts the
actual values perfectly or that the positive and negative
errors cancel each other out. So, one drawback of this test
is that it tends to understate the error in all cases.
Table 2(c). Monthly Global Solar Radiation and other
meteorological data for Wa Polytechnic (November)

4.2 The Mean Percentage Error

MPE (%) 

 Ci  M i 

N i 1  M i 

100

N



(8)

MPE quantifies the schematic component of the normalized
difference for individual observations. It is subjected to the
averaging of the positive and negative errors. A percentage
error between −10% and +10% is considered acceptable.

4.3The Root Mean Square Error
2
1 N
RMSE     Ci  M i  
 N i 1


1/ 2

(9)

The value of RMSE is always positive, representing zero in
the ideal case. The normalized root mean square error
gives information on the short term performance of the
correlations by allowing a term by term comparison of the
actual deviation between the predicted and measured
values. The smaller the value, the better is the model’s
performance.
2

4.4 The Coefficient of Determination, R
The coefficient of determination, R2gives some information
about the goodness of fit of a model. In regression, the R2
coefficient of determination is a statistical measure of how
well the regression line approximates the real data points.
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Table 3(c). Regression coefficients for Wa Polytechnic site
(March)

4.5t-statistics

  N  1 MBE 



  RMSE    MBE  

t

2

2

2
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1/ 2

(10)

T-statistics is an indicator of adjustment between calculated
and measured data allowing the data to be compared. It
can be used to induce whether or not data measurements
are statistically significant at a particular confidence level.

5 RESULTS AND DISCUSSION
The accuracy of eight model equations were determined
using data measured at Wa Polytechnic weather station
from 2010 to 2012. The regression coefficients a ,b,c and d
are given for all eight models for each month in Tables 3: (a
– l).

Table 3(d). Regression coefficients for Wa Polytechnic site
(April)

Table 3(a). Regression coefficients for Wa Polytechnic site
(January)

Table 3(e). Regression coefficients for Wa Polytechnic site
(May)
Table3(b). Regression coefficients for Wa Polytechnic site
(February)

Table 3(f). Regression coefficients for Wa Polytechnic site
(June)

249
IJSTR©2013
www.ijstr.org

INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 2, ISSUE 8, AUGUST 2013

ISSN 2277-8616

Table 3(g). Regression coefficients for Wa Polytechnic site
(July)

Table 3(k). Regression coefficients for Wa Polytechnic site
(November)

Table 3(h). Regression coefficients for Wa Polytechnic site
(August)

Table 3(l). Regression coefficients for Wa Polytechnic site
(December)

Table 3(i). Regression coefficients for Wa Polytechnic site
(September)

The regression coefficients were obtained using curve
fitting tool in MATLab. The values of the mean daily global
solar radiation estimated using the above eight models
were compared with the corresponding measured values.
Statistical test of MBE, MPE, RMSE, R2and t-test were
determined for all eight model equations for each month of
the year. The applicability of the proposed correlations in
predicting the daily mean global solar radiation is tested by
estimating values for Wa Polytechniclocation used in the
analysis. Estimated values for the eight models with
measured data for the months January, June and
November are shown in Tables 4: (a), (b) and (c).

Table 3(j). Regression coefficients for Wa Polytechnic site
(October)
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Table 4(a). Comparison between measured and estimated
values (H/Ho) of the correlation equations (January)

Table 4(b). Comparison between measured and estimated
values (H/Ho) of the correlation equations (June)
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Table 4(c). Comparison between measured and estimated
values (H/Ho) of the correlation equations (November)

It can be seen that the estimated values of the ratio 𝐻/𝐻𝑜
are in favourable agreement with the measured values of
𝐻/𝐻𝑜 for all the eight models for each month. All eight
models therefore show good results. All eight models have
very low values of MBE, MPE, RMSEand t-test and high
values of R2as shown in Tables 5: (a) (b) and (c).
Table 5(a). Error values for the developed correlation
models (January)

Table 5(b). Error values for the developed correlation
models (June)
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Table 5(c). Error values for the developed correlation
models (November)

It was found that the MPEs of all eight models were in the
range of acceptable values between -0.0016% to zero for
January, -0.0023% to 0.0005% for June and -0.0005% to
0.0015% for November. All models also have very low
RMSE values that range from zero to 0.0017% for January,
zero to 0.0001 for June and zero to 0.002 for November.
Also the MBE values of all models are approximately equal
to zero while the values of t-test were always equal to one.
Similar trends were seen for all other months not shown
here. The comparison between the different models
according to the t values show that the calculated t values
were less than the critical t values. These results show that
all eight models have statistical significance. The R2 values
were also high (above 0.95) for all models. This means that
the models obtained are reasonably compatible with the
measured data. Following the analysis above, all eight
models for each month are excellent indicators for
predicting mean daily global solar radiation at Wa
Polytechnic.Hence, the model equations are recommended
for use to estimate the daily global solar radiation at Wa
Polytechnic and other locations that have similar climate,
latitude and altitude as WaPolytechnic. The measured
𝐻/𝐻𝑜 and calculated 𝐻/𝐻𝑜 values of the mean daily global
solar radiation using the eight models are illustrated in Figs.
1: (a), (b) and (c) for January, June and November
respectively.

Fig. 2. Comparison of measured and estimated (H/Ho) for
June

Fig. 3. Comparison of measured and estimated (H/Ho) for
November

It is clear from Figs. 1(a), (b) and (c) that there is a good
agreement between the estimated values and the
measured data for all days of the month. Similar trends
were observed for all other months. The above analysis
also show that the global solar radiation can be related with
the relative sunshine duration. For high accuracy, it is
recommended that the following month-specific equations
be used to estimate mean daily global solar radiation for
Wa Polytechnic site based on statistical results:
Fig. 1. Comparison of measured and estimated (H/Ho) for
January

Jan : H / H o  1.0311  1.2836 log(n / N )

(11)
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Feb : H / H o  0.4617  0.6018  n / N  

(12)

0.5003 log( n / N )
Mar : H / H o  0.7528  0.5244 log(n / N )

(13)

Apr : H / H o  0.9659  1.2600 log(n / N )

(14)

May : H / H o  0.9727  1.2331log(n / N )

(15)

Jun : H / H o  0.4880  0.6124  n / N  
(16)

0.6061log( n / N )

Jul : H / H o  0.9440  1.1254 log(n / N )

ISSN 2277-8616

month. The models were compared using the statistical
routine. According to the results, all eight model equations
for each month, which are based on Angstrom-Prescott
model, are in favourable agreement with the measured
values. [18] model in the form 𝐻/𝐻𝑜 = 𝑎 + 𝑏(𝑛/𝑁) +
𝑐𝑙𝑜𝑔(𝑛/𝑁)is recommended to estimate daily global solar
radiation on a horizontal surface for the months of February
and June. [9] exponential model 𝐻/𝐻𝑜 = 𝑎 + (𝑛/𝑁)𝑏 is
recommended for use in August and his linear exponential
model 𝐻/𝐻𝑜 = 𝑎 + 𝑏(𝑛/𝑁) + 𝑐𝑒𝑥𝑝(𝑛/𝑁) is recommended
for use in October. For the month of December, the cubic
model by [17] is recommended. The regression equation of
the form 𝐻/𝐻𝑜 = 𝑎 + 𝑏𝑙𝑜𝑔(𝑛/𝑁)proposed by [19] is
extremely recommended to estimate the mean daily global
solar radiation for all other months for Wa Polytechnic site
and in elsewhere with similar climatic conditions where
radiation data are unavailable.

(17)
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Sep : H / H o  0.9167  1.0686 log(n / N )

(19)
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