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Abstract: 
The UV solar radiation on earth depends on geometrical factors such as altitude, latitude, solar  
zenith angle and other atmospheric parameters. In this work, an attempt has been made to study  
the variation of the intensity of UV solar radiation with time for the period of three months for  
Ilorin located in the North Central part of Nigeria (8o30'N, 4o33'E). The maximum and minimum 
values of UV solar radiation recorded during the period of study were 67 Wm -2 and 0.4 Wm-2 

respectively  and for the daily average obtained as 7.7 Wm-2 and 2.1 Wm-2 respectively.  The 
maximum and minimum values of the UV solar radiation at sunrise and sunset were obtained  
and they gave 1.5 and 0.4 Wm-2 respectively at sunrise and 17.2 and 0.4 Wm -2 respectively at  
sunset. 
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Introduction
Solar energy technologies provide an environmental friendly,  renewable and domestic energy 
source, and are promising components of an alternative energy in the future. Proper measurement 
and sufficient information on solar radiation and its related parameters at a given location is very 
crucial in the design of solar energy systems. Due to the location of Nigeria and Ilorin close to 
the equator, solar radiation in Ilorin is abundantly available. Therefore, it becomes imperative to 
examine and conduct research on the solar energy source.
The Sun is an average star. Its radius is approximately 6.960×108m. The distance between the 
Sun and the Earth is about 1.496×1011m. Solar radiation can be defined as the electromagnetic 
radiation emitted by the Sun. All living cycles in the Earth system are determined by the solar 
radiation reaching the Earth (Qian, 2003). 
The electromagnetic radiation released by the Sun, include infrared, visible, and ultraviolet light. 
Sunlight reaching the Earth is filtered by Earth's atmosphere. When the direct solar radiation 
does not experience obstruction by clouds, then is called sunshine, which is a combination of 
bright  light  and  radiant  heat.  When  it  is  obstructed  by  the  clouds  or  reflected  off  by  the 
atmosphere, it is known as diffused light (Sunlight, n.d)
Not all parts of the solar radiation are harmful to human health and to the other living things.  
Some may be harmful and some may be crucial to the human health. For example, Ultraviolet  
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radiation is dangerous to the human skin. When exposed to much solar radiation it can cause 
damage to our skin and to the other crucial tissues in our body.
The amount of solar radiation reaching the surface of the Earth depends on latitude, altitude, time 
of  day,  season,  and  atmospheric  conditions  (Elli,  René,  &  Joseph).  Whenever  the  body  is 
exposed to the radiation, skin frequently is exposed to the electromagnetic radiation emitted by 
the Sun. Consequently, the skin may develop photo-aging, photo-immune repression, and photo-
carcinogenesis. Photo-aging results in the deformation of connective tissue in the dermis, which 
can  subsequently  alter  the  whole  mechanical  properties  and  manifestation  of  skin.  Extreme 
exposure  to  ultraviolet  (UV)  radiation  may  also  result  in  a  compromised  immune  system 
manifested  as  photo  immune  suppression  which  is  also  known  as  UV-induced  immune 
suppression (Elli, René, & Joseph, n.d). Photo immune suppression is directly interrelated with 
the  gravest  disease  state  of  skin.  The  discovery  was  first  made  when  it  was  observed  that 
transplanted  tumors  develop  in  suppressed  immune  subjects  and  are  not  able  to  develop 
normally. In any event, all of these processes begin at the molecular level with chromophoric 
absorption of light. Direct absorption of UV-B light by deoxyribonucleic acid (DNA) leads to 
genetic mutations. In some cases, mechanisms solar irradiation is entirely responsible for many 
of the diseased states of the skin. For example, absorption of UV-A light by a sensitizer results in 
the generation of reactive oxygen species (ROS) of damaging DNA, proteins, or lipids (Elli, 
René,  & Joseph,  n.d).  Because  UV can impact  negatively on  human  health,  it  is  good and 
necessary to measure its temporal variation.
The duration of sunlight from the surface of the sun to reach the Earth is approximately 8.3 
minutes. But for photon that travelled from the center of the Sun and scattered by the suspended 
particles  along its  way would  take  between 10,000 and 170,000 years  to  get  to  the surface 
(NASA, 2007). The total amount of radiation reaching the surface of the earth from the Sun at 
the zenith depends on the distance between the Sun and the surface of the earth and consequently 
the time of year. It is approximately 3.3% higher than average in January and 3.3% lesser in July. 
Sunlight reaching the surface of the Earth is about 52 to 55 percent infrared (above 700 nm), 42 
to 43 percent visible (400 to 700 nm), and 3 to 5 percent ultraviolet (below 400 nm). At the peak 
of the atmosphere, sunlight is around 30% more concentrated, with about 8% ultraviolet (UV) 
(Sunlight, n.d).

Materials and Method
Data logger
The UV rad (W/m2) data downloaded from the data logger was XR5 data logger. It is small in 
size but very powerful with 8 multi-range analog inputs and UV sensor is connected through one 
of the inputs and can be downloaded to produce any parameter of the connected sensors to the 
logger.  The  data  logger  can  be  connected  directly  to  measure  the  following  parameters: 
Temperature, Relative Humidity, Pressure, AC Current, AC Voltage, DC Current, Light, Solar 
Radiation, Wind Speed, Rainfall and others. The data logger in use here at the University of 
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Ilorin has sensors connected to measure the following: Ambient temperature, Relative humidity, 
Pressure, Wind speed, Wind direction, Rain fall and UV.

Study area
The study area is Ilorin the capital city of Kwara state with coordinates 8o30'N 4o33'E located in 
the North-central part of Nigeria. Ilorin population was over 847582 as of 2007. Figure below 
shows the map of Nigeria.

Figure 1: Map of Nigeria Showing the Region. Source: (Article on Nigeria, 2004).

Data Analysis
Ultraviolet  solar  radiation  data  generated  at  Ilorin  station  was  studied  and  analyzed  using 
Microsoft excel. This is presented in the next section.

UV solar radiation and local time
The plots of UV solar rad (Wm-2) against local time for each month and the combined three 
months are shown in the figures 2 below.

Fig. 2: Measured UV solar radiation (Wm-2) against date/time for May-July, 2014
Figure 2 shows the behavior of UV solar radiation with time for the period of three months 
ranging  from May-July,  2014.  It  has  indicated  almost  stable  change in  the  amplitudes.  The 
largest fluctuation observed about days 9th, 10th and 13th. The corresponding UV solar radiation 
flux were 67 Wm-2, 62.6 Wm-2 and 60.4 Wm-2 respectively and the minimum amplitude recorded 
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was 0.4 Wm-2. The maximum amplitude recorded may be due to the clear skies and the minimum 
may be either early in the morning or in the night.

Average UV solar rad (Wm-2)
An average UV solar rad were computed and plotted for each month of May, June and July,  
2014. This was followed by the combination of the three-months daily average in figures 3, 4, 
and 5 respectively.

Fig. 3:  Plot of average daily UV rad against days for May, 2014. 
Figure 3: shows the plot of average UV against days for May, 2014. It fluctuates with the day 
with  large  fluctuation  observed  about  days  17th and  30thwith  larger  amplitudes.  The 
corresponding UV solar radiation flux were 5.4Wm-2 and 5.44Wm2which are equal in magnitude 
while the minimum amplitude recorded on 19th was 2.1Wm-2

Fig. 4: Plot of average daily UV rad (Wm-2) against days for June, 2014.
Figure 4 above is the plot of average UV rad (W/m-2) against days for June, 2014. The behavior 
of the observed pattern was a continuous oscillation except for 23rdwith a minimum value of 
2.3W/m2 seen as a sudden drop in the amplitude of the UV radiation.

Fig. 5: Plot of average daily UV rad against days for a July, 2014. 
Figure 5: above shows the plot of average UV rad against days for July, 2014. The behavior of 
the pattern was almost of uniform modulation except for three days which have larger amplitude 
indicating maximum UV in the 2nd (7.7W/m2) and 11th (7.3W/m2) compared to the rest of the 
month.  The  pattern  showed  a  gentle  drop  from beginning  of  the  UV rad  was  high  at  the 
beginning of the month and gradually decreased to the end of the month.

Fig. 6: plot of average daily UV solar rad (Wm-2) against days for May-July, 2014
Figure 6: is a combination of the daily average for the three months studied. The behavior of the 
pattern was almost of uniform modulation except for 19th with pronounced drop of 2.1 Wm-2 and 
day 62th with corresponding UV rad of 7.70 Wm-2 with pronounced maxima.

Magnitudes of UV solar rad at Sunrise and Sunset
The values of UV rad at sunrise and sunset were plotted for each month as shown below in 
figures 7 to 11.

Fig. 7: plot measured solar UV rad at Sunrise against days/time for May, 2014
Figure 7: shows a uniform behavior for almost all the days except for one day which indicated 
very large amplitude, it might be from system misbehavior or due to the clearness of the sky on 
15th (06:03:30) of 0.7Wm-2.
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Fig. 8: plot of measured UV solar rad at Sunset against days/time for May, 2014 
Figure 8: shows similar behavior with that of sunrise, a uniform sunset except for 30 th (18:33:30) 
which indicated an entirely different behavior, the day shows a maximum magnitude of UV solar 
rad of 17.2Wm-2at sunset.

Fig. 9: Measured UV solar rad at Sunrise against days/time for June, 2014
Figure 9: Shows a plot of magnitude of UV rad at sunrise against days for June, 2014 and it was 
observed that the sunrise has a uniform pattern with small rise in the UV rad of 0.7Wm -2 for 7th, 
12th, 22nd, [06:13:30, 06:38:30, 06:48:30]and1.1Wm-2 for 24th (06:43:30), and a sudden drop to 
0.4 Wm-2 in the amplitude on 28th (06:23:30).

Fig. 10: Measured UV solar rad at Sunset against days/time for June, 2014
Figure 10: Shows a plot of magnitude of UV solar rad at sunset against days/time for June, 2014 
and it was observed that the sunset has a uniform pattern with almost equal amplitudes. 

Fig. 11: Measured UV solar rad at Sunrise against days/time for July, 2014
Figure 11: Shows a plot of magnitude of UV solar rad at sunrise against days for July, 2014 and 
it was observed that the sunrise has a uniform pattern on 7th (6:13:30) and 18th (6:23:30) which 
have a serious fluctuation of high UV intensity of 1.5 and 0.7 respectively and break on 13th.

Fig. 12: Measured UV solar rad at Sunset against days/time for July, 2014
Figure 12: Shows a plot of magnitude of UV rad at sunset against days for July, 2014 and a 
continuous fluctuation was observed for magnitude of UV at sunset except for 10 th which shows 
higher magnitude of UV solar radiation of 4 Wm-2 compare to the rest of the month.
Combine Sunrise and Sunset for the three months (May-July, 2014) were examined.
Below are the plots of three months of observation of magnitude of UV rad at sunrise and sunset 
for May-July, 2014 as shown below in figures 9 to 10.

Fig. 13: Measured solar UV rad at Sunrise against days/time for May-July, 2014
Figure 13: Shows a plot of magnitude of UV at sunrise and days for May-July, 2014 a uniform 
pattern was observed from 16th to 35th a small fluctuation occurred between 36th to 56th a sharp 
drop in the UV intensity was observed on 59th with a value 0.4 Wm-2, then a small break of days 
were observed to be 62nd to 64th these occurs due to the  missing in the plotting, hence, a sharp 
rise in the amplitude was observed on 68th and 64th of value 1.5 Wm-2another missing points were 
observed from 77th to 80th.

Fig. 14: Measured solar UV rad at Sunset against days/time for May-July, 2014
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Figure 14: Shows a plot of magnitude of UV rad at sunset and days for May-July, 2014 a stable 
fluctuation was observed from 13th to 27th then a sharp rise in the magnitude of UV rad then 
observed, the maximum magnitude of UV was observed on 30th with a value 17.2 Wm-2and then 
continuous fluctuation was observed and little rise in the UV was also observed on 71st of value 4 
Wm-2.
The variation of the UV solar radiation with respect to days for a period of three months has been 
studied and it was observed that there was a sharp increase of UV solar radiation in Ilorin in the 
month  of  July,  this  might  be  due  lack  of  clouds  in  the  afternoon  which  plays  the  role  of  
absorbing, reflecting and scattering of incoming solar radiation to the surface of the earth. The 
summary  of  the  analysis  of  magnitude  of  UV solar  radiation  at  sunrise,  sunset,  peak  and 
minimum with respect to days are shown in the table below.

Table 1: Summary for the Variation of UV solar radiation (Wm-2) with days for each month 
and combined months

May June July May-July
Day UV 

(Wm-2)
Day UV 

(Wm-2)
day UV 

(Wm-2)
Day UV 

(Wm-2)
Sunrise Max. 15 0.7 24 1.1 7 1.5 68,64 1.5

Min 16 0.4 28 0.4 18 0.7 59 0.4
Sunset Max. 30 17.2 10,12,1

4
1.5 10 4 30 17.2

Min 29 0.4 21,23 0.4 12,3 0.4 54,64 0.4
Maximu
m (Peak)

Max. 14 24.5 14 24.9 9 67 70 67
Min 18 5.5 27 12.1 23 13.9 18 5.5

Minimum Max. 17 7.3 5 7.7 27 7.7 36,88 7.7
Min. 19 1.1 11 0.7 4,8,1

3
0.4 74,69,6

5
0.4

Conclusion
The UV radiation data was generated using PACE UV sensor stationed at the BSRN observatory 
in the Physics Department of the University of Ilorin, Ilorin, Nigeria. The UV solar rad (Wm -2) 
was studied for each month and for the combined three months. The study showed the UV solar 
rad low at night and beginning to rise early in the morning corresponding to sunrise and drop at 
sunset. The average daily UV solar radiation flux was obtained and examined to see the monthly 
pattern  for  the  three  months.  The behavior  of  the  plots  revealed  fluctuations  with  changing 
amplitudes with some large while others are small about the mean.
Further examination of the UV radiation for the days of occurrence gave maximum values and 
minimum values on the 9th of July, 2014 of magnitude 67 Wm-2 and on the 4th, 8th and 13th of July 
of magnitudes 0.4 Wm-2. The maximum values and minimum for each month were presented in 
table 1. The combined three months has maximum and minimum amplitudes of average daily 
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UV solar radiation recorded for 62th and 19th days of values 7.7 Wm-2 and 2.1 Wm-2 respectively. 
The maximum and minimum values of the UV solar radiation at sunrise and sunset were also 
examined and found to be 1.5 and 0.4 Wm-2 respectively at sunrise and 17.2 and 0.4 Wm-2 at 
sunset. 
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