ISSN: 2319-5967
ISO 9001:2008 Certified
International Journal of Engineering Science and Innovative Technology (IJESIT)
Volume 4, Issue 4, July 2015

Diurnal and Seasonal Variation of Global
Solar Radiation at Anyigba, North-Central
Nigeria
Adedoja, O.S.1 , Ayantunji, B.G.2 Saleh U.A.1 & Jatto. S.S1
Centre for Atmospheric Research, Kogi State University Campus, Anyigba.
2
Department of Engineering and Space System, National Space Research & Development Agency,
(NASRDA) Abuja.
1

Abstract: The seasonal and diurnal variations of solar radiation have been studied by analyzing two years data
measured at the ground surface in a tropical wet and dry climatic region and the guinea savanna station Anyigba
(7.486N, 7.1836E), in Nigeria using Campbell automatic weather station. The analysis was carried out over two years
with each year divided into four seasons (vernal equinox (March), summer solstice (June), autumn equinox (September)
and winter solstice (December)). Results obtained shows diurnal variation of solar radiation of varying degree and
pattern over the four seasons. The results showed that the surface temperature is not a direct measurement of sun
temperature on earth but rather a measure of the atmospheric response to solar radiation. The comparison of solar
radiation measured during the two seasons that coincided with rainy period in the study area shows that the measured
solar radiation tends to be lower during this period for the year 2012 than 2011. This observation was attributed to higher
rainfall in 2012.
Keywords: Solar radiation, seasonal variation, diurnal variation, temperature

I. INTRODUCTION
Solar radiation is the radiant energy emitted by the sun from a nuclear fusion reaction that creates
electromagnetic energy and travels through space to the earth surface in short-wave length. Global solar
radiation is the algebraic sum of diffuse solar radiation (due to atmospheric scattering) and direct solar radiation.
Solar radiation is the major driver for many physical, chemical and biological processes on the earth’s surface
[1], [2]. Thus, a complete and accurate solar radiation data at a particular location or region are very pertinent to
developmental needs of any nation. It is required for many research and application fields such as meteorology,
engineering, ecology, agrology, environmental, architectural and climate studies [3]. Although, other natural
energy sources such as, cosmic radiation, the natural terrestrial radioactivity and the geothermal heat flux from
the interior to the surface of the Earth etc. exist, these sources are energetically negligible as compared to solar
radiation.
The need for the knowledge of both temporal and spatial distribution of solar radiation cannot be
overemphasized. The use of solar energy over other alternative energy sources is gaining popularity in different
parts of the world. To utilize and harness this energy, a proper knowledge of its behavior has to be known. Solar
energy is available at any part of the globe, but the amount made available differs with respect to geographical
locations, time and season. The solar energy available at any particular geographical location is a measure of the
solar irradiance falling on that location. Solar irradiance is the solar radiation intensity falling on a surface and is
measured in N/m2 or KW/m2. Solar radiation falling on the earth changes by about 7% between January 1st,
when the earth is nearest the sun and July 3rd, when the earth is furthest from the sun. A yearly average value is
thus taken and the solar constant equals 1367W/m2/s. Though this value is a good estimate, it is however,
inaccurate since the output of the sun changes by about 0.25% due to sunspot cycles [4]. Out of the total
radiation entering the earth’s atmosphere, about 13% is absorbed by the atmosphere and 13% scattered [5]. This
implies that the direct radiation available at the earth’s surface close to the tropics in the middle of a cloudless
day is about 75% of the level of the radiation at the surface of the atmosphere which is about 1,000W/ m 2/s. This
assertion is true if the earth is assumed to be a stationary body. From basic knowledge of physics, it is known
that we can receive up to 1,367W/m2/s for a part of each day because the earth rotates.
Various studies have been carried out to evaluate the amount of solar radiation at various parts of Nigeria as
reported in [6]. Most of these studies were carried out using various modeling methods to estimate the amount
of solar radiation using other meteorological data. This is done due to dearth of data on solar radiation across the
country. Chiemeka [7] tried to estimate the solar radiation at Uturu Abia state Nigeria, latitude 5.33˚N and
6.33˚N. the study obtained temperature data from 5th – 31st October 2007 using the maximum and minimum
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thermometer placed in Stevenson screen at 1.5m after which the Hargreaves equation was employed to obtain
the estimate. The mean global solar radiation obtained for the period is 1.89 to 0.82 kWh per day. This poor
value was attributed to the fact that Uturu is bounded on the west and south by a hilly escarpment. A model was
developed as reported by [8] for prediction of solar energy in Nigeria using an artificial neural network model.
Meteorological data of 195 cities in Nigeria for a period of 10 years (1983-1993) from the National Aeronautics
and space administration (NASA) geo-satellite data base were used for training and testing the network. Data
such as latitude, longitude, altitude, monthly sunshine duration, mean temperature, and relative humidity were
used as inputs to the network while the solar radiation intensity was obtained as the output of the network. The
result showed that the monthly mean solar radiation potential in northern and southern regions ranged from
7.01-5.62 and 5.43 – 3.54 kWh/m2 respectively. An empirical model as in [9] proposed for estimating global
solar radiation on horizontal surfaces for Abuja, Benin, Kastina, Lagos, Nsukka and Yola cities in Nigeria. From
the study, these cities experienced a decrease in the horizontal global solar radiation from March through August
(during rainy season) with Benin City having the lowest monthly mean daily horizontal global solar radiation of
3.46 kWh/m2/day in July. It was also reported that the variation of daily horizontal global solar radiation with
month of the year in Kastina differs from other cities because Kastina is located at longitude 7.6˚E, and latitude
13.0˚N. Falayi [10] developed a number of multilinear regression equation based on Angstrom equation to
predict the relationship between global solar radiations with one or more combinations of some weather
parameters for Iseyin Nigeria for five years. The result obtained showed that the equation with the highest value
of correlation coefficient (r), least value of root mean square error (RMSE), mean bias error (MBE), and mean
percentage error (MPE) was adopted for the estimation of different geographical locations in Nigeria. Other
recent studies have employed direct measurement of solar radiation, It was found in [11] that daily mean of solar
radiation to be about 146W/m2/day in Iju Akure using a vantage pro II automatic weather station. Study by [12]
shows that solar radiation peaked around noon over Akure. The result obtained also showed that the solar
radiation peaked between the month of February and April when monthly average is considered. The study was
carried out using Campbell automatic weather station. This study is carried out using data collected with
Campbell automatic weather station located inside Kogi State University, Anyigba, Kogi State, North Central
Nigeria.
II. SOURCES OF DATA AND INSTRUMENTATION
Data collection was done using Campbell automatic weather station situated at Kogi State University Campus,
Anyigba (7.48583N, 7.18362E) in North-Central Nigeria. Two years data 2011 and 2012 of solar radiation and
temperature data were collected from the meteorological station to investigate the variation of solar radiation
over Anyigba. The meteorological station is part of a network of automatic weather stations across Nigeria.
Campbell automatic weather station was employed for the study (Fig. 1).

Fig 1: Typical Installed Campbell Scientific Automatic Weather Station and Enclose Box interior
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III. METHODOLOGY
In-situ measurement of meteorological parameters of solar radiation and air temperature are employed. The data
was collected from (January 2011- December 2012). The records cover 24hours each day from 00 hours to 2300
hours local time at five minutes update cycle. The values of solar radiation are in W/m2 and air temperature is in
degree Celsius.
The data were obtained from the source described above and is at twenty-four hours interval local time, it is then
processed into monthly average for every month of the years considered using MATLAB software R2010a. This
is achieved by first, averaging the five minutes interval data into hourly values then into daily values and lastly
into monthly values for each of year considered.
For the purpose of data analysis, the year is divided into four seasons, vernal equinox (March), summer solstice
(June), autumn equinox (September) and winter solstice (December) to take care of sun tilting about its axis
round the sun rather than the customary rainy and dry season obtainable in Nigeria.
IV. RESULTS AND DISCUSSION
Fig. 2 depicts the diurnal variation of solar radiation over the study area during the vernal equinox (March). It
shows almost zero solar radiation during the night hours which gradually rise from dawn to peak around noon
for the two years under consideration. The solar radiation for the year 2011 peaked at exactly noon while that of
2012 peaked around 13:00hr. The value of solar radiation for 2012 also appears to be generally slightly higher
than that of 2011 for this season. The peak values for this season for the two years under consideration is
slightly lower than 700W/m2. The slightly higher value of solar radiation observed for this period in 2012 is
likely due to the fact that it coincide with first peak (66.9) of the current solar cycle which occur in February
2012.
Fig. 3 shows the diurnal variation of surface temperature for vernal equinox for 2011 and 2012. The temperature
for both years shows a post noon peak which lag behind the solar radiation peak for both years. This shows that
it takes a while for the atmosphere to react to heating from the sun. The temperature for 2012 is also slightly
higher than 2011. This can be attributed to the solar radiation.

Fig. 2: Diurnal Variation of Solar
Radiation for March 2011 and 2012

Fig. 3: Diurnal Variation of Surface
Temperature for March 2011 and 2012

The diurnal variation of solar radiation for summer solstice (June) is shown in Fig. 4. Just as was observed for
vernal equinox, the amount of solar radiation for 20011 also lag behind that of 2012 in summer solstice.
However, the 2011 solar radiation peaked earlier than that 2012 during this period. The peak value of solar
radiation for this season also lies between 500W/m2 and 600W/m2 which is lower than the observation for
vernal equinox. This drop in solar radiation can be attributed to the tilting of the earth about its axis relative to
the sun during this period. The period of solar irradiation in this season is slightly longer than that of vernal
equinox (05:00hr – 19: 00hr).
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The temperature variation during this season as shown in Fig. 5 also have post noon peak. It was however
observed that despite higher solar radiation in 2012, the temperature in 2011 is higher. This variation in
temperature cannot be explained using solar radiation pattern. The temperature difference between the two years
is therefore assumed to be as a result of higher rainfall in 2012. This will be further considered in subsequent
studies.

Fig. 4: Diurnal Variation of Solar
Radiation for June 2011 and 2012

Fig. 5: Diurnal Variation of Surface
Temperature for June 2011 and 2012

The solar activity in 2012 gradually dropped from the peak observed in February [13] and by September, it was
lower than what was observed in 2011. The decrease in solar activity coupled with higher rainfall which
increased the atmospheric absorption of solar radiation accounted for the solar radiation for 2012 to be lower
than the solar radiation for 2011 for autumn equinox as shown in Fig. 6. The peak value also dropped to
between 400W/m2 and 500W/m2. The solar radiation for 2012 peaked at exactly noon while that of 2012
peaked at 13:00hr. The solar irradiation period for this season is exactly 12hrs like vernal equinox but slightly
shorter than that of summer solstice.
The temperature variation for this season also follows the same pattern with the previous seasons (Fig. 7). The
temperature for the year 2012 is lower than that of 2011. This can be attributed to lower solar activity and higher
rainfall.

Fig. 6: Diurnal Variation of Solar
Radiation for September 2011 and 2012

Fig. 7: Diurnal Variation of Surface
Temperature for September 2011 and 2012

143

ISSN: 2319-5967
ISO 9001:2008 Certified
International Journal of Engineering Science and Innovative Technology (IJESIT)
Volume 4, Issue 4, July 2015
The solar radiation for winter solstice shows a distinct pattern of variation that is different for the three previous
seasons. A drop in solar radiation at noon observed in this season (Fig. 8) is only peculiar to the season. This
observation is attributed to the inclination of the sun to the earth during this period. The solar radiation peaked at
13:00hr for both years under consideration. The peak value of solar radiation for both years is between 600W/m 2
and 700W/m2. This is because the solar activity towards the end of 2011 increased towards the peak that was
observed in February 2012 and also increased towards the end of 2012 for the second peak that occur around
August 2013 [13]. The solar radiation for 2011 is higher than that of 2012 because there was higher rainfall in
2012 around this period than was observed for 2011. The period of solar irradiation during this season is shorter
than the three previous seasons (06:00hr – 18:00hr).
The drop in solar radiation observed during this season was not observed on the temperature signature. This
shows that the surface temperature is not as a result of direct heating from sun but as a result of heat retained in
the atmosphere (Fig. 9).

Fig. 8: Diurnal Variation of Solar
Radiation for December 2011 and 2012

Fig. 9: Diurnal Variation of Surface
Temperature for December 2011 and 2012

V. CONCLUSION
The seasonal and diurnal variation of global solar radiation over Anyigba is presented in this work. The results
shows that solar global radiation have different pattern of diurnal variation form one season to the other. The
result also show that the amount of solar activity and the local meteorological condition plays a significant role
in the amount of solar radiation received at any given time and location. The surface temperature was shown to
be a function of solar radiation heating of the atmosphere rather than a direct measurement of the solar
temperature at the earth surface. The solar radiation value increases from zero in the early morning to a
maximum at about 13:00hr LT in the afternoon, while the value decrease steadily to a minimum and a fairly
constant value throughout the evening.
ACKNOWLEDGEMENT OF DATA FROM TRODAN
The results presented in this paper rely on TRODAN data collected and managed by the Centre for Atmospheric
Research, National Space Research and Development Agency, Federal Ministry of Science and Technology,
Anyigba, Nigeria. We thank the Centre for Atmospheric Research and their partners for promoting high
standards of atmospheric observatory practice as well as the Federal Government of Nigeria for continuous
funding of Nigerian Space programme (www.nasrda.com).
REFERENCES
[1] Bulut H, Buyukalaca O., (2007). Simple model for generation of daily global solar radiation data in Turkey. Applied
Energy 84:477-491.
[2] Sfetsos A, Coonick A.H., (2000). Univariate and multivariate forecasting of hourly solar radiation with artificial
intelligence techniques. Solar Energy 68:169-178.
[3] Wu G, Liu Y, Wang T., (2007) Methods and strategy for modeling daily global solar radiation with meteorological
data- A case study in Nanchang station, China. Energy Convers. Manag. 48:2447-2452.
[4] Solar energy reaching the earth surface. Retrieved April, (2010) from http://tacanet.org/eng/elec/solar/sun2.pdf

144

ISSN: 2319-5967
ISO 9001:2008 Certified
International Journal of Engineering Science and Innovative Technology (IJESIT)
Volume 4, Issue 4, July 2015
[5] Paul Burgress, (2009). Variation in light intensity at different latitudes and seasons, effects of cloud cover, and the
amount of direct and diffused light. Proceeding of continuous cover forestry group (CCFG) scientific meeting,
Westonbirt Arboretum, Gloucestershire.
[6] C. O. Osueke, P. Uzendu, I. D. Ogbonna, (2013) Study and Evaluation of Solar Energy Variation in Nigeria.
International Journal of Emerging Technology and Advanced Engineering, Volume 3, Issue 6, pp. 501 – 505.
[7] Chiemeka, I.U., (2008). Estimation of solar radiation at Uturu Nigeria. International journal of physical sciences 3(5),
126-130.
[8] Fadare, D.A., (2009). Modelling of solar energy potential in Nigeria using an artificial neural network model. Journal of
applied energy, science direct. 86(9), 1410-1422.
[9] Okundamiya, M.S, Nzeako, A.N., (2011). Empirical model for estimating global solar radiation on horizontal surfaces
for selected cities in the six geopolitical zones in Nigeria. Journal of control science and engineering. DOI:
1155/2011/356405.
[10] Falayi, E.O, Adepitan, J.O, Rabiu, A.B., (2008). Empirical models for the correlation of global solar radiation with
meteorological data for Iseyin, Nigeria. International journal of physical sciences, 3(9), 210- 216.
[11] Oladosu O. R.1, Adediji A. T., Ojo J. S. and Adegbite A., (2012) Daily averages of solar radiation measured at Iju,
Nigeria in 2008. International Journal of Physical Sciences Vol. 7(27), pp. 5026-5035.
[12] D. O. Akpootu, and S. Aruna, (2013) Diurnal and Seasonal Variations of Global Solar Radiation in Akure, Ondo State,
South Western Nigeria. The International Journal Of Engineering And Science (IJES), Volume 2, Issue 12, pp. 80-89.
[13] Solar Cycle Prediction. Retrieved March, (2013). http://solarscience.msfc.nasa.gov/predict.shtml.

AUTHOR BIOGRAPHY
Engr. Adedoja Oluwaseye .S. received his (M.Eng) & (B.Eng) Degree both in Mechanical Engineering from the
University of Nigeria Nsukka and the University of Ilorin respectively. He is a registered member of the Council for
Regulation of Engineering in Nigeria (COREN) and a corporate member of the Nigerian Society of Engineers (NSE). His
research interests are Space Instrumentation &Research, Design & production, CFD modeling, Renewable Energy and
Management. He has few publications to his credit.

Ayantunji Benjamin. G. earned B.Tech and M.Tech in Applied Physics from Ladoke Akintola University of
Technology (LAUTECH), Ogbomosho. He has his PhD in Communication Physics from the University of Nigeria,
Nsukka. His research interests are Radio Propagation, Atmospheric Physics, Space Physics and Environmental
Geophysics. He has about 50 publications to his credit.

Engr. Saleh Umar Abubakar obtained his Bachelor of Engineering Degree (B.Eng) in Elect-Elect from ATBU, Bauchi.
He is currently undergoing his Masters of Engineering Degree from the same university. He is a corporate member of
the Nigerian Society of Engineers (NSE) and also a registered member of the Council for Regulation of Engineering in
Nigeria (COREN). His research interests are Renewable Energy, Environmental Research and Space Engineering.

Jatto Sunday Solomon received his B.Sc in Physics from the University of Jos. He obtained his M.Sc in Geophysics
from the Ahmadu Bello University, Zaria. He has his PhD degree in Geophysics from ABU, Zaria. His research
interests are Atmospheric Physics, Environmental Geophysics and Space Physics. He has some publications to his
credit.

145

