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ABSTRACT

Solar radiation which is the electromagnetic enefiggm the Sun(both total and in various wavelenptlesies at
different time scales from seconds to decadegmiucies— as a consequence of solar activity. Tieegy received
from the Sun is one of the natural driving forcéghe Earth’s atmosphere and since this energyotsaonstant
because of the changing of day and night timeba& been argued that there must be some non-zenatel
responsible for it. This response must be fullycBgel in order to improve our understanding of tignate system
and the impact of anthropogenic activities on ibwéver, despite all the efforts, if and how sub#eiations of
solar radiation affect climate and weather stillhmains an unsolved puzzle. One key element thatysoften taken
as evidence of a response is the similarity of quicities between several solar activity indicesd atifferent
meteorological parameters. The coefficients ‘a’ dvidvere calculated from equations (6) and (7)0t@3 and 0.46
respectively. Equation (8) was used in calculating clearness index for Yola (9°Mof latitude) which appeared
to show the clearness of the sky of Yola from Fafyrto July and October to December.
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INTRODUCTION

Yola which is the capital city of Adamawa State egs tobe very hot almost throughout the monthihefyear.
The temperature there seems to be very high eetmmma sunny day. This tells us that the cityi$e daving a high
humidity. Hence, we were able to check the vanmtibthe global solar radiation with some atmosjghgarameters
like the relative humidity, ambient temperatures thin fall pattern and the cloud cover.

The number of Sunspots visible on the Sun is nost@mt, but varies over 11- year cycle known asStlar cycle.
The Solar cycle has a great influence on spaceh&eand a significant influence on the Earth’s eliensince the
Sun’s luminosity has a direct relationship with metic activity [1]. Solar activity minima tend tcelrorrelated
with colder temperatures and longer than averadgr $gcles tend to be correlated with hotter terapees. In the
17" century, Solar cycle appeared to have stoppedenfor several decades; few sunspots were obdetugng

this period. During this era, known as the Maunaé@rimum or little ice age, Europe experienced uilgicold

temperatures [2]. Earlier extended minima have bdisoovered through analysis of tree rings and agukto

coincide with lower-than-average global temperat(ig.

It was then established that our Sun is a fairlyidgl star, nothing more than one of the varialibessof the
Universe. The Sun undergoes changes characterizedrmtions in its output of electromagnetic arafticle
radiation over a wide range of temporal scalestdube degrees of activity. Whether these changee hnything
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to do with the Earth’s atmosphere and, especiaitih weather and climate, has been debated for rizne 150
years. In 1982 a National Academy of Sciences (NR&)el on Solar Variability, Weather and Climatedg&d the
issue in detail and concluded that “it is concelgahat solar variability plays a role in alteringather and climate
at some yet unspecified level of significance”[&jnce 1982 explosive growth in our knowledge on $um's
variability and the responses of the different tayef the Earth’s atmosphere to it has been magentkinly to
Earth satellite observations. The most importastalery is that the total solar irradiance (TShfrnow on) varies
by about 0.1% over the 11-year solar activity cyagéng higher during the maximum of the cycle. Nist the TSI,
but also the entire solar spectrum exhibits vametiwhich are strongly wavelength dependent. Lachpa@nges
occur at shorter UV wavelengths. Radiation at theagelengths, which is responsible for stratosgherone
production, is now known to vary as much as 10% Wlite 11-year solar cycle and causes changes itothe
column ozone at a level which is comparable todiseadal depletion by increasing chlorofluorocarbMesiations
also occur at the solar energetic particle outpiiieh impact primarily the high latitude terrestnigper and middle
atmosphere. These variations provide evidencesala-forced climate change and have been ackngetedy a
subsequent NAS study [5]. But like its 1982 predeoe this report too was unable to give a defiaitimswer to the
age-old question of the Sun—climate connection.ridjpam the above two referred NAS studies spembaiferences
were devoted to this subject, like “The Solar Eegamd its Influence on Terrestrial Atmosphere alich&e” [6] or
“The Solar Cycle and Climate” [7]. A recent excelldook which considers the possible meteorologitfacts of
solar activity is that of [8], while several reviswand papers of interest can be found dispersedarly every kind
of scientific journal due to the truly multidiscipary character of this subject. Despite the mbent150 years
scientific work supporting the view that meteoratal phenomena must respond to variations of sattvity, this
subject is far from being settled. On the otherdhiains, nowadays, widely assumed that increaseefierosols and
greenhouse gases (especially the carbon dioxideichwresult from human activities, will have as esult
significant warming of the Earth during the nexasge This warming should be accompanied by dranchémges
affecting life on it and having several ecologicahcial and economic consequences. In this contbe,
improvement of our understanding of the climataesysis not only a challenging endeavour of theantrscientific
research, but also a subject of paramount condeis.obvious, that in order to isolate a greenlgofeotprint of
climate change, and we must be able to make distircbetween the contributions that arise fronhgtogenic
impacts and those that are due to natural influereel particularly the one due to the solar vditgbilLack of
knowledge of solar influences will limit our abjlito clearly gauge the possible impacts of our estivities on the
present and future climate.

Nomenclatures
Ho = extraterrestrial insulation on horizontal sugae the absence of atmosphere measured in (W)

Hy = the monthly average daily global solar radiatfafing on a horizontal surface at a particulaocdtion
measured in (MJ/fday)

a, b = Coefficients defined in equations (6) andréspectively

lsc = solar constants having the recommended vald8&fWn(Klein, 1977)

d = day number in the month of the year

@ = the latitude of the location (degree)

® = the solar declination (degree)

W, = is the sunset hour angle, at solar noon beingamdoin the morning is positive (degree)
Shax = the day-length in (hour)

S = the monthly mean daily number of observed saestours (hour)

Kt = clearness index

MATERIALSAND METHODS

Data Collection

The following parameters were collected from thelves of the Adamawa State air-port Yola for tleeigd of
five years, from two thousand and three to two samad and seven (2003-2007).

v’ Sunshine hour

v’ Ambient temperature

v’ Relative humidity

v Averaged amount of rain fall
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Data Analysis
The solar radiation outside the atmosphere incidemta horizontal surface (Extraterrestrial Radration a
horizontal Surface) is given by the following exgsi®n.

360d
365

o

24x3600
H=2 |

. . _ 2mwy,
1+ 0.033cos ( )] [caﬂcosé‘slnmﬁfs+ sm*ibsmc?( )] (1)

360

Ho is the extraterrestrial insolation on horizontaiface whereg is the solar constants having the recommended
value of 1367Wr[9], & the latitudep the solar declinationyy is the sunset hour angle [10].

2
Smax = E Wg (2}

With S,ax being the day-length.

The declination angle is calculated as [11]:

3600284 +d)
8=2345siny——— 3
sm{ 36E } (3)
and
cosw, = —tandtand (4)

The Global Radiation At Horizontal Surface:
[12] was the first scientist known to suggest a@éninear relationship to estimate global solaliation. Later on
[13] put the correlation in a convenient form.

The monthly global solar radiation Hifalling on a horizontal surface at particular lbea is given as below
H 5
g
—=a+bhb (5 ) (5)
Hﬂ max

where H is the monthly average daily global solar radiafialling on a horizontal surface at a particutaedtion,
Ho the monthly mean daily radiation on a horizontaface in the absence of atmosphere, S the moméan daily
number of observed sunshine hours,,$he monthly mean value of day length at a paricldcation and “a”, “b”
the climatologically determined regression constante determined as follows, [14]

5
a = —0.110 + 0.235cos¥ + 0.323 (5—) (6)
max

5
b=1449 —0.553cos¥ — 0.694 (5—) (7)
max

In equation (5) S/ is often called the percentage of possible sueshaur [15].
Kr=— (8)

Where K represents clearness index [10].
RESULTSAND DISCUSSION
The equation (5) above was used in estimating lbigagysolar radiation when the extraterrestrialiaidn Ho was

obtained from equation (1) and the day-length fregquiation (2) since the sunshine hour has been meshand
obtained from the Yola, Adamawa State air port. Ghefficients ‘a’ and ‘b’ were calculated from etjoas (6) and
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(7) to 0.33 and 0.46 respectively. Equation (8) wasd in calculating the clearness index for Y&d4N of
latitude) which appeared to show the clearneseasky of Yola from February to July and Octobebazember.
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Figure 1. Variability of the Solar radiation with Temperature, (°C), Relative humidity, (%) and the Rain fall (mm) in the year (2003)
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Figure 2. Variability of the Solar radiation with Temper ature, (°C), Relative humidity, (%) and the Rain fall (mm) in the year (2004)
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Figure 3. Variability of the Solar radiation with Temper ature, (°C), Relative humidity, (%) and the Rain fall (mm) in the year (2005)
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Figure 4. Variability of the Solar radiation with Temperature, (°C), Relative humidity, (%) and the Rain fall (mm) in the year (2006)
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Figure5. Variability of the Solar radiation with Temperature, (°C), Relative humidity, (%) and the Rain fall (mm) in year (2007)

Shown above are plots of the variability of thebglbsolar radiation against the ambient temperatule relative
humidity and the amount of rain fall. Figure 1the plot for year 2003, in which we have the maximmainfall of
219.2mm, in the month of August at the temperatifir@l.°’C, relative humidity of 84% and the solar radiatafn
14.8MJ/nf-day. Figure 2, is the plot for year 2004, in whigk have the maximum rainfall of 189.6mm, in the
month of September at the temperature of °&l,.8elative humidity of 84% and the solar radiatiafnl8.1MJ/m-
day. Figure 3, is the plot for year 2005, in whigk have the maximum rainfall of 223.7mm, in the thoaof
September at the temperature of 3C,Felative humidity of 83% and the solar radiatafrl7.5MJ/ni-day. Figure
4, is the plot for year 2006, in which we have thaximum rainfall of 267.0mm, in the month of Sepbemat the
temperature of 31°8, relative humidity of 84% and the solar radiatisfril7.0MJ/m-day. Figure 5, is the plot for
year 2007, in which we have the maximum rainfale66.0mm, in the month of September at the temperaif
31.£C, relative humidity of 83% and the solar radiatadri5.2MJ/n3-day.

CONCLUSION

From this study, the clearness index of Yola isoainaging which is a favorable condition for solarery
utilization. The degree of hotness of Yola appeadoele because how humid the city is which evereapg to be
high during rainy season. It has also been se¢nhbaainfall time for Yola has always been frompriAto October,
with the peak of it been in September with the pkoa of the year 2004 which appeared to have &gk pn
August.

And of course, part of the recent upsurge of irsteire the evaluation of Sun-climate relationshipslile to the fact
that man-produced substances are believed to éngltour environment and this subject has raisedpublic and
scientific concerns. In that spirit the detectidrcgcles in both solar and climatic variables igportant because it
may provide an impetus to develop physical theotedetter quantify the terrestrial relevance oé tBun’s
variability. Thus research in this area is impotrtaot only because it will lead to the improvemerfit our
understanding of the climate system, but also fotgeting life and environmental quality and préidig the time of
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rainfall in the location so as to know when to pland what to plant earlier than the others. ftageworthy, that the
influence of solar variable inputs on climate idyoa side branch of the general field of climatedeling and
should not be understood to suggest that anthrapoghanges are not important.

The significance of any correlation is difficult &3sess as long as the physical mechanism haseotestablished
and formulated. A serious basis for a linking netbm is the one proposed by Tinsley and his cgllea [16];

[17], where it is assumed that electrically inducbdnges in the microphysics of clouds (electreZireg) enhance
ice nucleation and formation of clouds, and cad leelarge scale changes in tropospheric circulathn answer to
the problem of the connection between cosmic ray éind cloud radiative forcing may be provided biam of

atmospheric, solar— terrestrial and particle physc which has joined together to construct themio leaving

outdoor droplets (CLOUD) experiment [18]. It is eaforthy, that a successful mechanism will improue loasic

understanding of fundamental physical processesriftaence our climate system.

Acknowledgement
The Adamawa State air-port Yola is acknowledgedforiding us with the data for the purpose of stisgdy.

REFERENCES

[1] Wilson, R. C. and Hudson, H. Sature 1991, 351 (6321): 42-44.

[2] Lean, J., Skumanich, A. and White, Geophysical Research Lettet992,19 (15): 1591-1594.
[3] Mackay, R. M. and Khalil, M. A. K. Springe2000, 1-28.

[4] National Research Council. National Academied3r Washington, D@982.

[5] National Research Council. National Academied3r Washington, D@994.

[6] Nesmes-Ribes, E. (Ed.). The Springer, Betba5s.

[7] Wilson, A. (Ed.).The Solar Cycle and ClimatESA SP2000-463.

[8] Hoyt, D.V., Schatten, K.H. Oxford University éas, Oxford1997.

[9] Klien, S. A.Solar Energy1977, 9:325.

[10] Duffie, J.A & Beckman, W.A. Solar Engineerin§ Thermal Processes?21994, 234 — 367.
[11] Cooper, P.ISolar Energy1969, 12, 333.

[12] Angstrom, A. & Roy, Q. JQ.J.R. Met. Sad 924, 50: 121-126.

[13] Prescott, J.ATrans. R. Soc.Sci. Australi®40, 64, 114 — 125.

[14] Tiwari, R.F and Sangeeta, T.Holar Energy1997, 24(6) 89 — 95.

[15] Black, J. N, Bonython, C. W. &Prescett, J.@QJ.R Metero. S0d954, 80: 231-235.

[16] Tinsley, B.A., Deen, G.Wlournal ofGeophysical Researd®91, 96, 22283—-22296.

[17] Tinsley, B.A., Heelis, R.AJournal ofGeophysical Researd®93, 98, 10375-10384.

[18] Tsiropoula, GJournal of Atmospheric and Solar-Terrestrial Phg2603, 65, 469-482.

130
Pelagia Research Library



