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Abstract

In this paper, we compare three models in order to determinate the daily mean monthly of global solar radiation using
climate conditions of a Koyli Alpha, which is a village located in the district of Ferlo zone, North of Senegal. The first
model used the temperature, the model 2 depends on the sunshine duration and the model 3 is related on the sunshine
duration and the relative humidity. These models are calculated using both the regression coefficients and the
meteorological data recorded from the set-up weather station in Widou village. This village is located about 20 km from
the village of Koyli Alpha. Both villages have neighboring geographical characteristics and are not far apart. The best
model for the estimation of the monthly mean daily global solar radiation on horizontal surface in Koyli Alpha is
determined. Hence, it was observed that the highest predicted values, measured in April, year 2017, are 5,456.26
Wh/m?/day for the model 1, 5,521.80 Wh/m?/day for model 2 and 5,450.67 Wh/m?/day for the model 3. The first
model is better than models 2 and 3 because it has the highest values of the coefficient of determination (R?), NSE, SDFE
and the lowest values of MRE and RMSE. Among these three linear regression models, the first model using ambient
temperature is the most accurate model for the site of Koyli Alpha because it is justified by the statistical parameters
used in this paper.
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1. Introduction

The population of the world increases with a high load energy demand and whose supply is assured in a big part by
fossil energy resources. Among these fossil resources, fuel plays a main role. However, fossil fuel reserves decrease and
their uses caused negative impacts. They are responsible of many environment drawbacks, which are the greenhouse
emission, high temperature and acid rain. The increase of oil price has prompted policymakers and researchers to turn
to alternative energies sources to low energy costs and reduce the emission of greenhouse gases [1].

In Africa, despite of the high use of fossils energy, many countries try to solve the lack of electric power for satisfying
needs of the population and particularly rural areas gases [2]. Hence, in order to answer to these environmental
problems, we use renewable energy sources which produce zero or a very little amount of carbon dioxide or other
chemical pollutants gases [3]. In Africa, we have several sources of the renewable energy as solar photovoltaic,
geothermal, hydroelectric, biomass, Concentrating Solar Power (CSP) and the wind energy resources. The Maghreb
countries have an interesting solar deposit and particularly the sunshine exceeds 3000 hours per year in Algeria. It is
noted that the annual average daily sunshine in the city of Adrar is between 5 and 7 kWh/m?/day [4]. The work of A.
Sadio et al., happened in Senegal, showed an average daily radiation equal to 5.8 kWh/m?/day, this potential had
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encouraged the state of Senegal to build solar power plants in Bokhol, Malicounda, Mekhe and Merina and to promote
the use of solar energy in remote areas [5].

Solar radiation varies with many the latitude, the longitude and the declination angle etc. In Adrar, Algeria, authors
showed a minimal and maximal values of monthly mean daily solar radiation equaled to 5.5 kWh/m? /day and 7.5
kWh/m? /day in March and October, respectively [6]. Al-Ghamdia et al., worked with experimental data of Al-Baha city,
over twelve months in 2014 in order to determinate monthly mean daily solar radiation on a horizontal surface [7].
They have shown the huge solar potential in Al-Baha city. This town receives in May and in January a maximum and
minimum values of solar radiation approximately estimated to 6.5 kWh/m?/day and to 3 kWh/m?/day, respectively.
Indeed, sizing and installation solar require more data to optimize the systems operating. In some areas, lack of
meteorological data and weather station become a serious problem which must be resolved by using several techniques.
The linear regression methods can solve the lack of solar radiation data in some localities because they allowed to
estimate theirs annual, monthly, daily values of solar radiation. Various models based on geographic coordinates are
utilized for predicting the solar radiation of a site. Hence, Muzathik et al., worked with the method of Angstrom in order
to estimate the monthly average daily global radiation in Kula Terengganu site, in Malaysia gases [8]. In our study, we
are looking to determine an accurate model for the estimation of the daily mean monthly global solar radiation on a
horizontal surface in Koyli Alpha, Senegal. The set-up weather station installed in Widou, allowed to record hourly data
during three years, from august 2015 to august 2018. These data are the wind speed, the relative humidity, the ambient
temperature and the solar radiation. In this work, we use three among the linear regression models in order to establish
the correlation between the measured data obtained from the weather station of Widou and the predicted data. Finally,
we will complete our study with a comparison between these three models. In fact, this paper testes the performance
of three models based on different statistical parameters Nash-Sutcliffe model efficiency coefficient (NSE), Mean
Relative Error (MRE), Standard Deviation Fractional Error (SDFE), Root Mean Square Error (RMSE) and compares them
with the observed data of Widou meteorology station. The document treats at first, the methodology and meteorological
data from Widou weather station, secondly presents three linear regression models used for evaluating the most
accurate model and finally shows the results and the discussions.

2. Material and methods

2.1. Presentation of Study site

Our study is happened in the village of Koyli Alpha, which is located in 15.8956° west longitude and 15.1189° north
latitude, in Mboula area, district of Yang-Yang, Department of Linguere, region of Louga, Senegal. The most of the
population in this area is active in breeding and agriculture. Koyli Alpha village is situated in the Great Green Wall,
particularly in Ferlo zone. Great Green Wall Project realized the building of many boreholes of water supplied by diesel
generators and polarized 7 villages with a population around 1,700 inhabitants. In, the water table is too far away with
the depths greater than 150 meters leading to a permanent lack of water which is not always resolved. The boreholes
of water in Ferlo zone operate on diesel fuel through 40 000 Voltage Ampere generator set using approximately 60 liters
for the operating times of 15 hours per day in summer or 40 liters during 8 hours per day in the winter season. In order
to solve the environmental and the energetics troubles, we will focus our choice on photovoltaic solar energy thanks to
the significant local and the national solar potential. Thereby, we present the location of Koyli Alpha, village.
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Figure 1 Localization of Koyli Alpha, Village in Senegal

2.2. Meteorological data from weather station of WIDOU
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The Data are the main entrances which define the geographical location of a study site. Koyli Alpha is near to the Widou
site and have almost the same geographical coordinates. The Campbell Scientific BSW200 station is installed in Widou
in Ferlo. In this study, we used meteorological data from the Widou weather station, part of the Campbell Scientific BSW
200 series. The station is installed inside a waterproof enclosure containing an acquisition unit. The station consists of
a5W solar panel, a 12-volt battery installed inside the enclosure, a CD containing the PC 200W software, a CD containing
a copy of the program running to collect data from the BWS 200 station, a computer, and several sensors. These sensors
are the CS 215 temperature and relative humidity sensor, the Wind Sentry anemometer, the ARG 100 rain gauge, the CS
300 global radiation sensor, and the CS 100 barometer. These communication methods use a direct connection to a
computer or remote modem communication to transmit data over the public telephone network or mobile network.
Direct communication with a computer allows for a direct connection between a computer's serial port and the CR 200X
control panel's RS 232 port over a distance of less than 15 meters. This station also has a communication line and
additional lightning protection devices to protect the station. Thus, for distances greater than 15 m, it uses
communication interfaces, namely the RS 485 protocol with an MD 485 interface or the CR 216X central unit with a
built-in radio device. In other words, the Modem is a point-to-point CS-SRM communications kit with modems
connected together via a telephone cable over short distances. It can achieve communication distances of up to 25 km.
Multipoint communication, in turn, allows multiple weather stations to communicate via the same data bus.
Evapotranspiration is calculated on an hourly or daily basis and depends on meteorological data, ambient temperature,
relative humidity, wind speed and solar radiation. It also depends on latitude, longitude, and altitude. The weather
station is programmed to the Greenwich Meridian (0° East) to obtain good results. However, this assumption is not
entirely accurate because data changes depend on the meteorological and geographical conditions of the localities. Data
representativeness refers to the location for which the sensors have consistent values relative to their location. In other
words, this BWS 200 station is also used to measure the actual parameters of a site in order to determine the difference
between the actual parameters and those recorded by a station in a regional meteorological network. The CR 200X
controller used with the BWS 200 station includes a data acquisition program in non-volatile flash memory, and the
program remains active even when the battery is disconnected. The clock settings (date and time) are also saved in the
event of a power outage [9]. Figure 2 shows the Widou weather station in Ferlo.

Figure 2 Widou weather station in Ferlo

Meteorological data are obtained from Widou weather station about different sensors. Meteorological data were
downloaded by a microcomputer and we collected from 25 August 2015 to 25 August 2018 corresponding to 36 months.

It allows to record hourly data during three years. These data are the wind speed, the relative humidity, the ambient
temperature and the solar radiation.

The figure 3 shows the monthly solar radiation variation in 2017.
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Figure 3 Monthly solar radiation variation of the 2017 year

Analysis of the figure 3 shows that values vary between a maximum solar radiation (683.6 W/m?) and a minimum solar
radiation (501.86 W/m?). The important difference between some months can be explained by a lack of sunshine during
the night, the days without sunrise of the rain season. The best solar radiation is noted during March, Avril, June and
May and lowest solar radiation are observed in November, December, January, and February.

In figure 4, the variation of wind speed during twelve months in 2017 year is drawn.
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Figure 4 Monthly wind speed variation of the 2017 year

Figure 4 shows the potential of wind speed collected from the Widou meteorological station. This study of the wind
speed variation involves the 12 months of the year 2017. We notice that, these data vary between a maximum value (3.8
m/s) and a minimum value (1.11 m/s). These values are lightly different and less than to the wind’s speed values
evaluated, in the Ngoundiane site, which revealed that for three years 2013, 2014 and 2015, the annual average speeds
varied from 2.9 to 5.4 m/s [10]. Ould Bilal et al., also showed in their article, that significant wind power 95 and 72 W/
m? are recorded on Potou and Kayar sites in Senegal [11].

Figure 5 presents relative humidity on twelve months in 2017.
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Figure 5 Monthly relative humidity variation of the 2017 year

It is known that the relative humidity is a good meteorological parameter for predicting the solar radiation of a site. It
is noted that the high values of relative humidity are recorded in June, July, August, September and the low values are
set in the months of November, December and January. The maximum and minimum values are equaled to 15 % and
71% in January and August, respectively.

Figure 6 involves the variation of the monthly ambient temperature during twelve months of the 2017 year
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Figure 6 Monthly ambient temperature variation of the 2017 year

In figure 6, the ambient temperatures values vary between 23.12°C and 30.7°C. The highest temperatures are noted in
March, April, June and November and lowest temperatures are observed in January, February and August. The
temperature, an important input for the realization and sizing of PV systems, is already used in various studies. Leye et
al,, showed the negative influence of temperature in performance of solar panel [12] while Chander et al., also studied
the impact of temperature on performance of series and parallel connected mono-crystalline silicon solar cells with cell
temperature in a range of 25 and 60°C [13]. Results concluded that the efficiency of solar cell and solar panel decrease
with the cell temperature because of the decrease and increasing of the open circuit voltage and short-circuit current
respectively.

2.3. Linear regression methods for the evaluation of daily global solar radiation in Koyli alpha Village

In order to predict the solar radiation data of Koyli Alpha village, we use the linear regression methods to show the
correlation between values measured given by the weather station of Widou and values estimated from these available
data. We then choose three models to estimate the daily mean global solar radiation. The objective of our study is to
determine the most efficient model among these three following models.

The first one, corresponding to model 1, is proposed by [14]. It is given by equation (1) presented below:
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KT=2=a+b T+ Tuae o 1)
0
Tmin
Tr:m ............... (2)

Where Tr means the ratio of temperature, KT is corresponding to the clearness index, G defines the monthly mean daily
global solar radiation. a, b and c are empirical coefficients.

Tmax and Tmin are maximum and minimum temperatures, respectively and Go means is equal to the average daily
extraterrestrial radiation.

The daily extraterrestrial radiation Go is given by following equation [15]:

Gy = 24Ks [1 + 0.003 cos (336—2;1)] [cos 6-cosW;-coso + %Y\;S -sin § - sin c])] ........ (3)

s

Where Ks equaled to 1367 W/m? is a solar constant [16]. d: means is day number counted from 1 to 365, ¢ : means
latitude of Koyli Alpha, 6: means corresponds to the declination angle and is given as [17]:

. 284+d
§ = 23.45 - sin (360 - 22229) (4)
W; is the sunset hour expressed as:
W, =cos”![—tan§ - tanp] ... (5)

The second model correlates global solar radiation and sunshine duration. It is studied by [18], [19], [20], and [21]. We
applicated its for January to December during the 2017 year. This model is expressed by equation (6):

S means the day length, S, means the maximum sunshine duration.

The maximum possible sunshine duration Sywas calculated by the following equation (7) as shown in [22]:

2.Wg

SO = T .............. (7)

The third model which we used for the period of the month of January of the 2017 year is related to the sunshine
duration and the relative humidity. It is written using equation (8) as:

KT=G£=a+b-%+c-RH ............. (8)

0

In this section, we present five statistical parameters that allow to show the best model among them proposed in this
paper. The performance of these models was defined by the Nash-Sutcliffe model efficiency coefficient (NSE), which is
a statistical indicator proposed as shown in [23], the Mean Relative Error (MRE), the Standard Deviation Fractional
Error (SDFE), the Root Mean Square Error (RMSE) and the coefficient of determination (R?). These indicators are mainly
employed for the adjustment of solar radiation data in Koyli Alpha, village. Among these statistical parameters
developed in this paper, Kerkouche et al. used these coefficients of determination (R?) and Root Mean Square Error
(RMSE) for finding the best model solar radiation prediction in Bouzareah [24].

The simulation on Microsoft Excel 2007 software of these three models allows to find empirical constants which are
discussed in the table 1. At a 95% confidence level, are obtained their empirical constants by regression analysis on
proposed models. A stochastic analysis was performed on the estimation models using twelve months of the year 2017
(January to December).

The results of the analysis are illustrated in Table 1, Table 2 and Figures 7, 8,9 and 10.
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3. Results and discussion

At first, we present in results, the empirical coefficients obtained from the simulation.
The Results are showed in table 1.

Table 1 Empirical coefficients obtained from three models

Coefficients | Model 1 | Model 2 | Model 3

a 855.52 1,337.1 | 1,537.25
b -37.63 -616.94 | -1,900.04
c 43.43 0 45.47

Empirical coefficients illustrated in table 1 allowed to rewrite the three models as follows equations:

Model 1:
Ky = c% =855.52- 37.63 - T, + 4343 - Tpy  woovvei 9)

Model 2:

G S

Kr=—=13371-61694 -~ .. (10)

GO SO

Model 3:
Kr = = = 1,537.25-1,900.04 - = + 4547 -RH ......... (11)
0 0

The results from these models (estimated values) are represented by the following figures.

Figure 7 represents the solar radiation estimated from model 1.
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Figure 7 Comparison between solar radiation values obtained from weather station of WIDOU and estimated from
model 1

Figure 7 compares estimated and predicted values of annual average monthly solar irradiation. The model 1 presents

predicted irradiation values that vary between a minimum of 4,232.29 Wh/m?/day in December and a maximum of
5,456.26 Wh/m?/day in April 2017. For the months of February, March, April, June, July, August, September, and
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October, the irradiation values collected from the Widou station (observed) are in perfect agreement with the values
obtained from model 1. We note that the estimated and observed irradiation values differ significantly between the
months of January, May, November, and December.

Figure 8 represents the irradiation estimated from model 2.
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Figure 8 Comparison between solar radiation values obtained from weather station of WIDOU and estimated from the
model 2

In the model 2, we observed a minimum estimated irradiation value of 4,343.29 Wh/mz/day in December and a
maximum value of 5,521.80 Wh/m?/day in April 2017. We observed that in January, February, March, June, July, August,
September, October, and November, the irradiation values collected from the Widou station (observed) were close to
the estimated irradiation values predicted from model 2. Indeed, in April, May, and December, we observed significant
differences between the compared irradiation values from the Widou station and the model 2.

Figure 9 represents the irradiation estimated from the model 3.
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Figure 9 Comparison between solar radiation values obtained from weather station of WIDOU and estimated from
model 3

The model 3 predicts minimum irradiation values of 4,223.39 Wh/m?/day and maximum irradiation values of 5,450.67
Wh/m?/day in December and April 2017, respectively. A comparative study between the irradiation estimated by
model 3 and the observed irradiation reveals a significant similarity between the latter in February, March, June, July,
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August, September, October, and November, while in January, April, May, and December, the compared predicted and
observed irradiation values show significant differences.

Figure 10 shows the comparison of the estimated values of monthly mean daily global solar radiation obtained by the
three previous models. It shows also, the measured values obtained from the weather station of Widou for the twelve
months in 2017 year. Indeed, irradiation values obtained by the proposed models have a good agreement with the
values measured during the months of the year 2017.

6 000
Ycar: 2017
= .:;.M
S So000 =
B e
£
<
g 4000 -~
=
]
-]
£
- s Observed Irradiation (Wh/m?*/day )
3 000 we=  Estimcd Irradiation (Wh/m?/day ) : model 1
Estimed Irradiation (Wh/m*/ day) : model 2
Estimed Irradiation (Wh/m?/'day) : model 3
Jan Febr March April May June July Aung Sept Octob Nov Dec

Figure 10 Comparison between estimated values obtained by using the three models and the measured values
obtained from weather station of WIDOU

The model 1 gives estimated values of solar radiation which vary between 4,232.29 Wh/m?/day, the minimum
radiation, in December and the maximum radiation which is 5,456.26 Wh/m?/day noted in April, 2017 year. Also, the
model 2 gives predicted values which vary from the minimum radiation value that is 4,343.29 Wh/m?/day noted in
December, 2017 year to the maximum radiation value which corresponds to 5,521.80 Wh/m?/day in April of the year
2017. Regarding the estimated values of global solar radiation given by the model 3, we noted in December and April in
year 2017 give the minimum and maximum values which are 4,223.39 Wh/m?/day and 5,450.67 Wh/m?/day
respectively. As for the measured values obtained from weather station of Widou, we noted that they vary from 5,424.56
Wh/m?/day (maximum radiation) in April to 4,027.39 Wh/m?/day (minimum radiation) in December, year 2017.
Annual mean monthly global solar radiation on a horizontal surface in Koyli Alpha was obtained from Widou weather
station. The table 2 has elaborated the fact where the results of the error and performance analysis have been
highlighted.

Their Results are presented in table 2

Table 2 Statistical parameters obtained from three models

Errors and analysis performance | Model 1 | Model 2 | Model 3
R? 0.87 0.82 0.83
NSE 0.87 0.82 0.84
SDFE 10395 | 100.84 | 101.94
MRE 0.025 0.057 0.052
RMSE 134.24 | 1588 150.25

In this study, we observed that the coefficient of determination (R?) and the NSE for all three models are between the
range of 0.82 to 0.87 at the site of Koyli Alpha. It reflects a good agreement between the predicted and measured values
of solar irradiance. These models are accurate for the evaluation of the global radiation. Hence, we noted that
Okundamiya et al. found in its study a best coefficient of determination equal to 0.988 in Abuja, Nigeria [25] while AL-
Naimi et al. showed some prediction errors of monthly mean daily global solar radiation for nine models. Among these
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nine models, artificial neural network (ANN) model, is used as the model for the training stage and which found the best
coefficient of determination equal to 0.9967 in Baghdad, Iraq [26]. For others statistical parameters as MRE and RMSE,
we noted a variation between models proposed. The values of MRE are 0.025, 0.057, 0.052 in quite close to zero, in the
models 1, 2 and 3, respectively. The low values of MRE and RMSE and the high values of NSE, SDFE and R? show the
suitability of the model 1 to detriment of the others models mentioned. From errors and performance indicators, we
can conclude that the model 1 using temperature responds favorably to those statistical parameters unlike the model 2
using sunshine and model 3 involving ambient temperature and relative humidity. So, the best model which can be used
for the modelling of the solar radiation in Koyli Alpha village, is the model 1 that uses the ambient temperature.
According to performance analysis criteria, it is followed by models 3 and 2, respectively.

4., Conclusion

This This paper evaluates monthly average daily global solar radiation using three regression linear models. These
values are compared with observed data from Widou meteorology weather station. This study determined among these
three models, the most accurate model for the estimation of monthly average daily global solar radiation on a horizontal
surface in the village of Koyli Alpha in the Ferlo zone in Senegal. These models used many inputs which are the solar
radiation, the sunshine duration, the temperature and the relative humidity simulated. Statistical parameters allow to
evaluate the best model and we have seen that the model 1 which uses the temperature, has the highest values of the
coefficient of determination and NSE estimated to (0.87 and 0.87) against (0.82 and 0.82) and (0.83 and 0.84) for the
model 2 linked to the sunshine and the model 3 related to the sunshine and the relative humidity, respectively.

Compliance with ethical standards

Statement of conflict of interest

No conflict of interest to be disclosed.

References

[1]  Leye SN, Dia FS, Sissoko G. Optimum sizing and exploitation of Ndem'’s solar plant production. Proceedings of
26th European Photovoltaic Solar Energy Conference and Exhibition, Munich, Germany. 2016.

[2] Madougou S, Kaka M, Sissoko G. Photovoltaic Water Pumping System in Niger. Chapter 7. February 2013,
http://dx.doi.org/10.5772/54790.

[3] Krishnan R, Sanukrishna S. Modelling of stand-alone photovoltaic systems: a review. International Journal of
Advanced Research. 2014; 2(8): 471-476.

[4] Maafi. A survey on photovoltaic activities in Algeria. Abdus Salam International Centre for Theorical Physics,
Miramare-Trieste. May 2000; 20(1): 9-17.

[5] Mbow B, Sadio A, Tchanche B, Mbodji S. Optimal sizing of a solar water pumping system for Koyli Alpha Village,
Senegal. International Journal of Power Electronics and Drive Systems (IJPEDS). June 2022; 13(2): 1158-1169.

[6] Bouzidi B, Diaf S. Optimization of the sizing of pumping systems. Renewable Energy Review. 2016; 19 (4): 681 -
695.

[7] Al-Ghamdia SA, Abdel-Latifb A, Nada AS, El-Shahat FM, Emame AS. Global Solar Radiation over Al-Baha City, KSA:
Comparison of Predicted Models and Measured Data. International Journal of Engineering Science and Innovative
Technology (IJESIT). January 2016; 5(1).

[8] Muzathik AM, Nik WBW, Ibrahim MZ, Samo KB, Sopian K, Alghoul MA. Daily global solar radiation estimate based
on sunshine hours. International Journal of Mechanical and Materials Engineering (IJMME). 2011; 6(1): 75-80.

[9] Station Campbell Scientific de Widou du Centre national de recherche Scientifique (CNRS), France.

[10] Sadio A, Fall I, Mbodji S, Sissoko G. Analysis of Meteorological Data for applications in Ngoundiane’s Site. EAI
Endorsed Transactions on Collaborative Computing. 2017; 3 (12): 153-168.

[11] Bilal BO, Ndiaye PA, Kébé CMF, Sambou V, Ndongo M. Methodology to Size an Optimal Standalone Hybrid Solar-
Wind-Battery System using Genetic Algorithm. International Journal of the Physical Sciences, May, 2012; 7(18):
2647-2655.

1624



[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

World Journal of Advanced Research and Reviews, 2025, 25(03), 1615-1625

Leye SN, Fall I, Mbodji S, Sow PLT, G. Sissoko. Analysis of T-Coefficients Using the Columnar Cylindrical
Orientation of Solar Cell Grain. Smart Grid and Renewable Energy. 2018; 9: 43-56.

Chander S, Purohit A, Sharma A, Nehra SP, Dhaka MS. Impact of temperature on performance of series and parallel
connected mono-crystalline silicon solar cells. Energy Reports. 2015; 1: 175-180.

Okundamiya M.S, Okpamen IE. A Linear Regression Model for Global Solar Radiation on Horizontal Surfaces at
Warri, Nigeria. Int. Journal of Renewable Energy Development. 2013; 2 (3): 121-126.

Mossad E. Sunshine and global solar radiation estimation at different sites in Egypt. Journal of Atmospheric and
Solar-Terrestrial Physics, 2005; 67: 1331-1342.

Pareek A, Gidwani L. Solar Irradiation Data Measurement Analyzing Techniques. Proceedings of International
Conference on Renewable Energy and Sustainable Environment - RESE 15. College of Engineering and
Technology, Pollachi-642003, India. August 2015: 10-13.

Quansah E, Amekudzi L, Preko K, Aryee JNA, Boakye OR, Boli D, M. Salifu MR. Empirical Models for Estimating
Global Solar Radiation over the Ashanti Region of Ghana. Hindawi Publishing Corporation Journal of Solar Energy.
2014 (Article ID 897970): 6 pages. http: //dx.doi.org/10.1155/2014/897970.

Ya'u MJ, Gele MA, Ali YY, Alhaji AM, Yusuf Y, Mika A. Global Solar Radiation Models: A Review. Journal of Photonic
Materials and Technology. 2018; 4(1), 26-32.

Tshimangadzo SM, Maluta E, Sankaran V. Evaluation of the global solar irradiance in the Vhembe district of
Limpopo Province, South Africa, using different theoretical models. Turkish Journal of Physics. 2015; 39: 264 -
271.

Ajayi 00, Ohijeagbon OD, Nwadialo CE, Olasope O. New model to estimate daily global solar radiation over
Nigeria. Sustainable Energy Technologies and Assessments. 2014; 5: 28-36.

Ahmed EA, El-Nouby MA. Estimate of Global Solar Radiation by Using Artificial Neural Network in Qena, Upper
Egypt. Journal of Clean Energy Technologies. April 2013; 1 (2).

Ahmad F, Ulfat I. Empirical Models for the Correlation of Monthly Average Daily Global Solar Radiation with
Hours of Sunshine on a Horizontal Surface at Karachi, Pakistan. Turkish Journal Physics. 2004; 28: 301 - 307.

Nash JE, Sutcliffe V. River flow forecasting through conceptual models’ part I - A discussion of principles. Journal
of Hydrology. 1970; 10, (3): Pages 282-290.

Kerkouche K, Cherfa F, Arab AH, Bouchakour AS, Abdeladim K, Bergheul K. Evaluation of global solar irradiation
on an inclined surface according to different models for the Bouzareah site. ]. Renew. Energ. June 2013; 16 (2):
Art. No. 2.

Okundamiya MS, Nzeako AN. Estimation of Diffuse Solar Radiation for Selected Cities in Nigeria. International
Scholarly Research Network ISRN Renewable Energy. 2011; 2011 (Article ID 439410): 6 pages.

AL-Naimi RH, Al-Salihi A, Bakr D. Neural network based global solar radiation estimation using limited
meteorological data for Baghdad, Iraq. International Journal of Energy and Environment. 2014; 5 (1): pp.79-84.

1625


https://scholar.google.com/scholar?q=Israel+E.+Okpamen
https://www.researchgate.net/profile/Leonard-Amekudzi?_sg%5B0%5D=aGtJgsH9RynipKjTeP4C0FkAGud-27SQp6mjtyXIQCLf5PL_yaT5U7opsg7pQJQJckd-0QI.eVPSROXUL0mfCXlOmjXSWPot4CDyuRuxyvUlrPnXZplx_0jR752NVmTuNQ4A9B36J2gKfZnE3WYBgsMAH3chgQ&_sg%5B1%5D=Ix2TqY7ejNrSAkoJUTN0KKN0eKTld129uNyfio2lDZ8u0Q6TVwYJsjt7ENqbgjxuXoRSA-c.DhLmQwBvBIe-6LUmOocxXSQNRUKvC4LY7NtNDn_b1RFQ17urYKHH1IlpFvAcIV-oc2iALcVNcUcw_uhGqyDYdA
https://www.researchgate.net/profile/Kwasi-Preko?_sg%5B0%5D=aGtJgsH9RynipKjTeP4C0FkAGud-27SQp6mjtyXIQCLf5PL_yaT5U7opsg7pQJQJckd-0QI.eVPSROXUL0mfCXlOmjXSWPot4CDyuRuxyvUlrPnXZplx_0jR752NVmTuNQ4A9B36J2gKfZnE3WYBgsMAH3chgQ&_sg%5B1%5D=Ix2TqY7ejNrSAkoJUTN0KKN0eKTld129uNyfio2lDZ8u0Q6TVwYJsjt7ENqbgjxuXoRSA-c.DhLmQwBvBIe-6LUmOocxXSQNRUKvC4LY7NtNDn_b1RFQ17urYKHH1IlpFvAcIV-oc2iALcVNcUcw_uhGqyDYdA
https://www.researchgate.net/profile/Jeffrey-Aryee
https://www.researchgate.net/scientific-contributions/Osei-R-Boakye-2069850391
https://www.researchgate.net/scientific-contributions/Dziewornu-Boli-2069863952
https://www.researchgate.net/scientific-contributions/Muhammad-Abdullahi-Gele-2203175761?_sg%5B0%5D=9l70oNAFyI4uyHDznDhdDwf_t_oVvqqLYzP5uUg7S_iQqoqU6_nuMkCc3s-ppRXU7A2jNVw.0UnfEM5puGaqmFeho96zTorSlOOTZhEimQ8dNDmmM9FXT4nz-PLoL9A39Z1xcS7wu5fjA2Di0hG_RKGbqvKNpg&_sg%5B1%5D=zKRuwRwS_dZKsw1mFiz2tT6IAvUncUeFXlFSNIpXDyfEUdzVKXlEvo0Kexd3uXJ9EOdwOSA.larcvVXTKyJYDha_PtuEQxAzMPLzrtee4TZSMk3qza1nkFVkUsfETjbAJLWaeJRLMRxcO_gIIFSYwTOSQcrpBw
https://www.researchgate.net/scientific-contributions/Yerima-Yusif-Ali-2203146566?_sg%5B0%5D=9l70oNAFyI4uyHDznDhdDwf_t_oVvqqLYzP5uUg7S_iQqoqU6_nuMkCc3s-ppRXU7A2jNVw.0UnfEM5puGaqmFeho96zTorSlOOTZhEimQ8dNDmmM9FXT4nz-PLoL9A39Z1xcS7wu5fjA2Di0hG_RKGbqvKNpg&_sg%5B1%5D=zKRuwRwS_dZKsw1mFiz2tT6IAvUncUeFXlFSNIpXDyfEUdzVKXlEvo0Kexd3uXJ9EOdwOSA.larcvVXTKyJYDha_PtuEQxAzMPLzrtee4TZSMk3qza1nkFVkUsfETjbAJLWaeJRLMRxcO_gIIFSYwTOSQcrpBw
https://www.researchgate.net/scientific-contributions/Abdulkarim-Mikail-Alhaji-2146418202
https://www.researchgate.net/profile/Yerima-Yusuf
https://www.researchgate.net/scientific-contributions/Abdulkarim-Mika-2146428527?_sg%5B0%5D=9l70oNAFyI4uyHDznDhdDwf_t_oVvqqLYzP5uUg7S_iQqoqU6_nuMkCc3s-ppRXU7A2jNVw.0UnfEM5puGaqmFeho96zTorSlOOTZhEimQ8dNDmmM9FXT4nz-PLoL9A39Z1xcS7wu5fjA2Di0hG_RKGbqvKNpg&_sg%5B1%5D=zKRuwRwS_dZKsw1mFiz2tT6IAvUncUeFXlFSNIpXDyfEUdzVKXlEvo0Kexd3uXJ9EOdwOSA.larcvVXTKyJYDha_PtuEQxAzMPLzrtee4TZSMk3qza1nkFVkUsfETjbAJLWaeJRLMRxcO_gIIFSYwTOSQcrpBw
https://www.researchgate.net/scientific-contributions/V-Sankaran-2050026257?_sg%5B0%5D=SC1QdGWtqsbebO3qWISiD_FMsqzyjwYUsWUS1hLhP67R_JjkbGctZYGPmWY_AQjx3ikun4c.I-CT8ovB5WB9XjSIHdtH5vbCVI7Ifu0vbqUsMSjpqe4vHz7XErchzM1QM5Fa2pIy0RtQY3pPo9QVEY69gUnvbA&_sg%5B1%5D=9gYPRU2P8l6t9HZhWJBUGlwaKAhVAnVTpkUCdHlHR-e22lTfPMQeqka9nWugnZKabrymBos.wMzW0ouoXLteJU7s5edBXn9wQMi4BkjmDpRbiaiYBix9ovcnhoGd6D_7C42ml43wvITupp9CzGFcs5_Vx1yaeA
https://www.researchgate.net/scientific-contributions/OD-Ohijeagbon-2041111221?_sg%5B0%5D=ZUQOXJr1wpV9mlJRF1d9cy86lGlUKZIA44SYXipW1Ofrf73MjPhSTRJ2VFxhp8TP8iXa_VM.qk612AbZ6BEaiNsfvNp8fIV8RBXi1kYYwS1rEfLxGKUVZJyuvVa7TjGpnsLTns78HX_OhfVqfHUCvXoVbmwW8g&_sg%5B1%5D=uVch1F0Uw-3Q9tADxBjpHwCWkWztlCLptnjuPSAA9IhNv-ey0i3PcIWnFECW_RnJxTFhIhw.cMQLPIYNfF08KaA35JnLSTAIKIwrXl3y2EwV5KVyMbq8t0FB8G3crl3uiD5NK6LplkPZeBh-IFFcfGd6uorBzg
https://www.researchgate.net/scientific-contributions/CE-Nwadialo-2041098623?_sg%5B0%5D=ZUQOXJr1wpV9mlJRF1d9cy86lGlUKZIA44SYXipW1Ofrf73MjPhSTRJ2VFxhp8TP8iXa_VM.qk612AbZ6BEaiNsfvNp8fIV8RBXi1kYYwS1rEfLxGKUVZJyuvVa7TjGpnsLTns78HX_OhfVqfHUCvXoVbmwW8g&_sg%5B1%5D=uVch1F0Uw-3Q9tADxBjpHwCWkWztlCLptnjuPSAA9IhNv-ey0i3PcIWnFECW_RnJxTFhIhw.cMQLPIYNfF08KaA35JnLSTAIKIwrXl3y2EwV5KVyMbq8t0FB8G3crl3uiD5NK6LplkPZeBh-IFFcfGd6uorBzg
https://www.researchgate.net/scientific-contributions/Olumide-Olasope-2041084427?_sg%5B0%5D=ZUQOXJr1wpV9mlJRF1d9cy86lGlUKZIA44SYXipW1Ofrf73MjPhSTRJ2VFxhp8TP8iXa_VM.qk612AbZ6BEaiNsfvNp8fIV8RBXi1kYYwS1rEfLxGKUVZJyuvVa7TjGpnsLTns78HX_OhfVqfHUCvXoVbmwW8g&_sg%5B1%5D=uVch1F0Uw-3Q9tADxBjpHwCWkWztlCLptnjuPSAA9IhNv-ey0i3PcIWnFECW_RnJxTFhIhw.cMQLPIYNfF08KaA35JnLSTAIKIwrXl3y2EwV5KVyMbq8t0FB8G3crl3uiD5NK6LplkPZeBh-IFFcfGd6uorBzg
https://www.semanticscholar.org/author/I.-Ulfat/10236987
https://www.sciencedirect.com/science/article/abs/pii/0022169470902556?via%3Dihub#!
https://www.sciencedirect.com/science/journal/00221694
https://www.sciencedirect.com/science/journal/00221694
https://www.sciencedirect.com/science/journal/00221694/10/3

