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ABSTRACT

In this paper, models are devel oped with regression equations to predict the monthly global solar radiation future
time based on measured air temperature, relative humidity and sunshine hour values between 1991-2007 for Uyo, in
Niger Delta Region, Nigeria. Using the Angstrom model as the basis, other regression equations were developed by
modifying Angstrom equation. The value of correlation coefficient (r) and value of the mean bias error (MBE), mean
square error (RMSE) and mean percentage error root (MPE) were determined for the equation. The equation with
the highest value of correlation coefficient (r ) and at least values of RMSE, MBE and MPE is given as

Ep 1387+ 1592%— 0045Tm+ 0004%.0 The results obtained show a remarkable agreement
(0}

between the measured and the predicted values using different models. The developed model can be used for the
prediction of global solar radiation on horizontal surfacesfor Uyo in Niger Delta

Keywords. Global solar radiation, sunshine hour, relativentdity, correlation coefficient, Uyo.

INTRODUCTION

Solar radiation is the most important parametethan design and evaluation of solar energy devidesaccurate
knowledge of solar radiation distribution at a matar geographical location is of vital importanfog surveys in
agronomy, hydrology, ecology and sizing of the pkottaic or thermal solar systems and estimatesheir
performances. Unfortunately, many developing nati@olar radiation measurements data are not eagdilable;
therefore it is rather important to elaborate mdthto estimate the solar radiation on the basimaife readily
meteorological data. Over the years, many modele baen proposed to predict the amount of solaatiad using
various parameters [3-27]. Some works used thehsumgluration [7, 9, 17-25]. Some used mean daytitoed
cover or relative humidity and maximum and minimtemperature [20-21], while others still used thenber of
rainy days, sunshine hours and a factor that dependatitude and altitude.

The global solar radiation on horizontal surfacethet location of interest is the most critical ihgparameter
employed in the design and prediction of the penfoice of solar energy device. The best way of kngwthe
amount of solar radiation at a site is to instgllyeanometer at many locations in a given regict lank after their
day to day maintenance and recording. But it ig effective. With this situation, most researcheithin Nigeria
use available theoretical values of meteorologieah to compute average irradiance of solar radidtr different
locations within the country. They lack standarcasweed data obtained from reliable measuring ingtnt suitable
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for their local environment and therefore resortheoretical prediction using different models foe global daily
sunshine radiation [1-8,13, 24-28].

Without the sun’s radiant energy, the earth woulddgally cool, in time becoming ice. [12] observbdt the
network of stations measuring solar radiation datsparse in many countries. In Nigeria, only featisns have
been measuring the daily solar radiation consistetiit is therefore, necessary to appreciate ramiafrom
commonly available climate parameter such as swoashiours, relative humidity, maximum and minimum
temperature, cloud cover and geographical locations

Nigeria is located between latitude of°IQorth and longitude of “8East and is one of the countries with high
isolation. It is situated in the region which isngeally referred to as the solar radiation beltefEhis an average
range of hours of sunshine in Nigeria of betwedhfurs per day in July and August and 6.7 hoursdpg in
February. The climate is most favourable for selaergy utilization, but the distribution of the aoftadiation is not
well known.

Accurate modeling depends on the quality and gtyaofithe measured data used and is a better dogrédicting
the global solar radiation of location where meameants are not available. The main objective of ghidy is to
develop an equation that correlates monthly ddiyp@ solar radiation on horizontal surface for Uiiger Delta
Region.

2.0 THEORETICAL BACKGROUND
The most widely and convenient by used correlatiwrpredicting solar radiation was developed by #tngm and
later modified by Prescott. The expression is giveir(27)

S
=a+b = 1
O (Sj o

= The monthly mean daily global radiation on a hamizb surface
o = The monthly mean daily extraterrestrial radiationeohorizontal surface

[

, = The monthly mean daily maximum number of hoursasfgible sunshine

|0 II T

S =The monthly mean daily number of hours of posssbieshine

The regression coefficients (a) and (b) have bétairmed from the relationship given by [4].
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The extraterrestrial solar radiation on the horiabsurface can be calculated from the followinga@n[4].

H, = 24x3600 I {1+ 003300{3603%5} cosgcososinw, + w, Singsino 4)
m

®)
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The value of 1367Wihihas been recommended for solar condtgnt The hour anglecw,
is given as
w, = cos*(- tangtand) ®)

The solar declinatior is given as

o= 2345sin(360%] (6)

The day lengthS, is the number of hours of sunshine or darknessinvthe 24hours in a given day and is given as:

(o]

2 _ 2
S =—cos’(-tangtand =)— w. 7
T (- tang )15 . %

D is the day number and is the latitude of the location

Modifications in the Angstrom-type regression egqurahave been made by various authors to furthedipr more
accurately monthly average daily global radiatiarechorizontal surface. In this paper the modifieatiels used are
expressed in equations (8, 9 and 10) below.

Glover and McCulloch include the effect of thetliadie of location and is given as:

i = 029cosd + OSZ{EJ (8)
H S

o (o]

where @ isthelatitude

Turton’s model developed average regression cotsstanhumid tropical countries as:

H 030+ 0544 = ©)
H, S

(0]

[4] have developed a model for estimating globddustadiation for the rainforest climate zone ofitbern Nigeria.
This model is expressed as:

H o 23+054 2 (10)
5 5

(o] (¢]
MATERIALSAND METHODS

The monthly mean daily data for sunshine hourstired humidity, maximum temperature and the scdaliation
data for Uyo were collected from the Archives o thigerian Meteorological Agency, Federal Ministf
Aviation, Oshodi, Lagos. The data obtained covexqukriod of seventeen years (1991-2007) for Uybasitude
5.03 and longitude 7.93 The monthly averages data processed in preparfdicthe correlation are presented in
Table(1, 2 & 3).

To develop the model, the global solar radiatiormdar Uyo measured in millimeters using Gun-Bell@rstillate
were converted to (MJfday'), proposed by [24]. The first correlation proposedestimating the monthly mean

daily global solar radiation on a horizontal sue‘:{g) Angstrom correlation has been put in a converfiamh by
Prescott (1940) as:
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H n

HT =a+ b(ﬁj (12)
[4] has put the Prescott correlation as

% = 023+ 052{%} (12)

Where I:m the global is mean solar radiation (measured) éimek symbols retain their meaning.

According to [7], the monthly mean daily solar i@dhn reaching a horizontal surface on the e:ﬁt,q is related to

the maximum temperaturfm as:
= _
—t=a+bT, (13)
H o

Where'rm is the monthly mean daily maximum temperature eDymbols retain their usual meaning.

Also, [8,24], correlated solar radiation with rélathumidity using the relation:

T

m R
=" =a+b— (14)
H, 100

3.1 Analysis of Data
3.1.1 Correlation Between Solar Radiation, Relative Humdity, Maximum Temperature And Sunshine Hour

The sunshine data is related to solar radiatioeali regression and correlation analysis of tharpater— was
(o)
employed to predict the global solar radiation lso, linear regression and correlation analysithe parameter

R

1_0C was employed using [8] to estimate the global rsotaliation. Finally, multiple linear regressiondan
R —
— T
100

S
correlation analysis of the paramet%%—, was carried out using SPSS computer software anogr
(o)

The accuracy of the estimated values was testezaloylating the mean bias error (MBE), root meamasg error
(RMSE) and mean percentage error (MPE). The expreser the MBE (MJnifday'), RMSE (MJnfday') and
MPE (%) projected by [4] are given by the equati(iis 16 and 17)

MBE(%) =1o{ﬁijz [%j (15)

m

RMSE(%) = 10({%}2 [%jos (16)

m
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MPE = EZ(H- _FTp)

Bk /n 17
. 17)

Where ﬁp and ITm are the ith measured and predicted values respbctand n is the total number of the

observation. [17, 26], have recommended that a vahee for MBE is ideal and a low RMSE is desirablde
RMSE test provides information on the short termfgrenance of the study model as it allows a termtdayn
comparison of the actual derivation between theutaled and measured the values. The MPE test ingsterm
performance of the examined regression equaticrsti®e values of MPE means overestimation in thlewated
values of the global solar radiation, while the ateég values give underestimation. A low MPE isiddde [4, 13,
19].

RESULTS

The calculated value for monthly mean sunshine $alay length, fraction of sunshine hours, globrsradiation,
extraterrestrial solar radiation and clearness nfte Uyo are presented in table |. The predictedue for
maximum temperature, global solar radiation, egtrastrial solar radiation and clearness index Wgo are
presented in Table Il. While the predicted (caltedd value for relative humidity, percentage oftige humidity,
global solar radiation, extraterrestrial solar atidin and clearness index for Uyo are presentetiaisle Ill. The
predicted value for maximum temperature, fractibrsunshine hours, global solar radiation, extratrial solar
radiation and clearness index for Uyo are presemtddble 1V. The predicted value for value of tala humidity,
fraction of sunshine hours, global solar radiatiextraterrestrial solar radiation and clearnes&xnfbr Uyo are
presented in Table V. The predicted value for vadfigelative humidity, maximum temperature, glolsalar
radiation, extraterrestrial solar radiation andcaohess index for Uyo are presented in Table VI. pieglicted value
for value of relative humidity, maximum temperatureaction of sunshine hour, global solar radiation
extraterrestrial solar radiation and clearnessxrideUyo are presented in Table VII.

— _ S _
Table 1: The Monthly values of Sunshine S , Day Length So possible fraction of Sunshine ——, Global Solar Radiation Hm,
0

Extraterrestrial Solar Radiation HO, Predicted Global Solar Radiation pr Clearnessindex KT , Characteristic Day Number N for
Equation 18 for Uyo (1991-2007 inclusive).

— 5 — — = -
Months S 0 _i Hzm . HZO . KT :ﬂ Hp D
(hrs) (hrs) S, | MImday) | (MImiday) Ho

JAN 4.06 11.74 0.345¢ 14.23 33.79 0.3978 14(91 17
FEB | 429 | 11.83 | 0.362¢ 16.27 36.05 0.4513 1626 |45
MAR 3.56 11.96 0.29771 14.49 38.02 0.3811 15|71 74
APR | 389 | 12.11| 0.3212 14.95 37.49 0.3988 16 {os
MAY | 35¢ | 12.2: | 0.0 14.80 36.41 0.407¢ 14.9¢ | 13t
JUN 284 | 1229 02310 13.55 35.32 0.3836 1322 61
JUL 1.91 11.74 0.1627 12.22 35.59 0.3434 11(89 199
AUG | 1.79 | 121 | 0.147¢ 10.67 37.06 0.2879 12[06 239
SEP 250 | 12.01| 0.2157 14.27 37.23 0.3833 186 pel
OCT | 2.84 | 11.86 | 0.239 14.67 36.11 0.4063 187 po2
NOV | 3.7¢ | 117t | 0.322¢| 16.41 34.31 0.478¢ 146, | 322
DEC 3.73 11.61 0.321 15.31 33.4 0.4584 14(26 B47
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Tablell: The Monthly Mean Daily Maximum Temperature (Tm) , Global Solar Radiation HM, Extraterrestrial Solar Radiation

HO, Predicted Global Solar Radiation Hp and Clearnessindex KT , Characteristic Day Number D for Equation 19 for Uyo
(1991-2007 inclusive).

Month | ™ Hzm . HZO Ky = ﬂ Hp | D
oc (MIm-day’) | (MIm*“day") Ho

JAN | 33.2( 33.2 14.2: 33.7¢ 0.397¢ | 14.6¢
FEB | 33.40 334 16.27 36.05 0.4513 15/83
MAR | 33.15 33.15 14.49 38.02 0.3811 16|5
APR | 32.56 32.56 14.95 37.49 0.3988 15/83
MAY | 31.69 31.69 14.84 36.41 0.4076 15.83
JUN | 30.57 30.5% 13.5¢ 35.32 0.383¢ | 13.5]
JUL | 28.9¢ 28.9¢ 12.22 35.5¢ 0.343¢ | 12.4¢
AUG | 28.93 28.93 10.67 37.06 0.2879 12.96
SEP | 24.53 24.53 14.27 37.23 0.3833 13]46
OCT | 30.46 30.46 14.67 36.11 0.4063 13|73
NOV | 31.71 31.71 16.41 34.31 0.4783 13|19
DEC | 32.2¢ 32.2¢ 15.37 33.2 0.458¢ | 13.8¢

Tablelll: The Monthly Mean Daily Relative Humidity R . theFraction Per centage of Relative Humidityﬁ , Global Solar Radiation

ﬁm, Extraterrestrial Solar Radiation HO, Predicted Global Solar Radiation Hp and Clearnessindex KT for Equation 20 for

Uyo (1991-2007 inclusive).

Month | R ﬁ Hm Ho KT = H__m Hp
10C | (MIm?day?) | (MIm’day?) Ho | (MIm?day")
JAN 50.1 0.501 14.23 33.79 0.3978 15.16
FEB 49.94| 0.4994 16.27 36.05 0.4513 16.19
MAR | 61.78 | 0.6178 14.49 38.02 0.3811 15.82
APR 68.78| 0.6879 14.95 37.49 0.3988 14.86
MAY | 73.44 | 0.7344 14.84 36.41 0.4076 13.96
JUN 76.22| 0.7622 13.55 35.32 0.3836 13.27
JUL 81.33| 0.8133 12.22 35.59 0.3434 12.86
AUG 81.56 | 0.8156 10.67 37.06 0.2879 13.36
SEF 79.8¢ | 0.798¢ 14.2: 37.2% 0.383: 13.€
OCT 75.37 | 0.753¢ 14.6 36.11 0.406: 13.6¢
NOV | 65.72| 0.6572 16.41 34.31 0.4783 13.9
DEC 55.72| 0.5572 15.31 33.4 0.4584 14.46

Table VIII summaries various regression analysitaimed from the application of equation (11) te thonthly
mean value for the three variables on the studg.dtds obvious that the correlation coefficientcoefficient of
determination B MBE (MJmZ®day’), RMSE (MJnfday') and MPE (%) vary from one variable to another
variable.

One variable correlation

The correlation of coefficient of 0.811 exists beam the clearness index and fraction of sunshine htso
coefficient of determination of 0.657 implies 65.@¥clearness index can be accounted using fracicgunshine
hour. The result of Table | using the clearnesgxnand fraction of sunshine data for Uyo shows taa 0239
and b = 0239. Hence, the monthly mean daily solar radiatioradmorizontal surface for any month of the year
can be predicted using equation 18

= 0239+ 0585>. (18)

I|\ T
O |T

n
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Uyo (1991-2007 inclusive).

0

Where ﬁpthe predicted global solar radiation and other syisibetain their usual meaning.

Table1V: The Monthly M ean Daily Maximum Temperature (Tm) , Possible Fraction of Sunshine ——, Global Solar Radiation

(1991-2007 inclusive).

0

Hm, Extraterrestrial Solar Radiation HO, Predicted Global Solar Radiation Hp and Clearnessindex KT , for Equation 21 for

Month | ™ _i Hzm . HZO K= @ Hp
o°c So (MJmi*day") | (MJIm*day?) Ho

JAN | 33.20| 0.3458 14.23 33.79 0.3978 14)91
FEB | 33.40| 0.3626 16.27 36.05 0.4513 1626
MAR | 33.15| 0.2977 14.49 38.02 0.3811 15.f711
APR | 32.5¢ | 0.321: 14.9¢ 37.4¢ 0.398¢ 16

MAY |31.69 | 0.293 14.84 36.41 0.4076 14.93
JUN | 30.57| 0.2311 13.55 35.32 0.3836 1322
JUL | 28.96| 0.1627 12.22 35.59 0.3434 11/89
AUG | 28.93| 0.1478 10.67 37.06 0.2879 12.06
SEP | 2453 0.2157% 14.27 37.23 0.3833 13.6
OCT | 30.4¢ | 0.239¢ 14.6% 36.11 0.406: 13.7
NOV | 31.71| 0.3226| 16.41 34.31 0.4783 1467
DEC | 32.25| 0.3213 15.31 334 0.4584 1426

TableV: The Fraction Percentage of Relative Humidity ——, Possible Fraction of Sunshine ——, Global Solar Radiation Hm,

Extraterrestrial Solar Radiation HO, Predicted Global Solar Radiation Hp and Clearnessindex KT , for Equation 22 for Uyo

Month i _i Hm Ho K. = Tm Hp
10C | S, | MIm*dayh) | (MImPday’) " Ho
JAN | 0.501 | 0.345¢ 14.2: 33.7¢ 0.397¢ 14.9]
FEB | 0.4994] 0.3626 16.27 36.05 0.4513 16|26
MAR | 0.6178| 0.2977 14.49 38.02 0.3811 1571
APR | 0.6878] 0.3212 14.95 37.49 0.3988 16
MAY |0.7344 | 0.293 14.84 36.41 0.4076 14.93
JUN | 0.7622] 0.231] 13.55 35.32 0.3836 13|22
JUL | 0.8137 | 0.162: 12.2: 35.5¢ 0.343¢ 11.8¢
AUG | 0.8156] 0.1478 10.67 37.06 0.2879 12]06
SEP | 0.7989] 0.2157 14.27 37.23 0.3833 13.6
OCT | 0.7533] 0.2395 14.67 36.11 0.4063 3.7
NOV | 0.6572| 0.3226 16.41 34.31 0.4783 14l67
DEC | 0.5572| 0.3213 15.31 334 0.4584 14]26

The correlation of coefficient of 0.641 exists beém the clearness index and maximum temperatuee alsb
coefficient of determination of 0.411 implies 41.186 clearness index can be accounted using maximum
temperature data. The result of Table Il usingdlearness index and maximum temperature data for shpws
that a = — 0229 and b = 0020. Hence, the monthly mean daily solar radiatioradmorizontal surface for any
month of the year can be predicted using equation 1

= -0229+ 002T, (19)

5| &

The correlation of coefficient of 0.636 exists beem the clearness index and fraction of relativenitity also
coefficient of determination of 0.404 implies 40.4% clearness index can be accounted monthly agedagy
temperature. The result of Table Il using the oieas index and fraction of relative humidity foydJshows that
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a=589and b = -280. Hence, the monthly mean daily solar radiatioradmorizontal surface for any month of
the year can be predicted using equation 20

5| &

=-0589- 0280i

10C

R

TableVI: TheFraction Percentage of Relative Humidityl—Oc , TheMonthly M ean Daily Maximum Temperature

(20)

(Tm ) Global Solar

Radiation HM, Extraterrestrial Solar Radiation HO, Predicted Global Solar Radiation Hp and Clearnessindex KT , for
Equation 23 for Uyo (1991-2007 inclusive).

TableVII: The Fraction Percentage of Relative Humidity 1_OC , Possible Fraction of Sunshine —

0

Month i Tm _i Hm Ho Hp
10C | e SO (MIm?day?) | (MIm?day")
JAN | 0.501 | 33.20[ 0.345 14.23 33.79 141
FEB | 0.4994] 33.40 0.3626 16.27 36.05 16]26
MAR | 0.6178]| 33.15] 0.2971 14.49 38.02 1571
APR | 0.6878] 3256 0.321p 14.95 37.49 1B
MAY [0.7344 | 31.69] 0.293 14.84 36.41 14.93
JUN | 0.7622] 30.57 0.231L 13.55 35.32 13]22
JUL | 0.8133| 28.96 0.162f 12.22 35.59 11/89
AUG | 0.8156| 28.93 0.147 10.67 37.06 1206
SEP | 0.7989] 2453 0.2157 14.27 37.23 13.6
OCT | 0.753: | 30.4¢ | 0.239¢ 14.67 36.11 13.7
NOV | 0.6572] 31.71] 0.322¢ 16.41 34.31 1467
DEC | 05572] 32.25 0.3218 15.31 334 14126

,theMonthly Mean Daily

Maximum Temper ature (Tm), Global Solar Radiation HM, Extraterrestrial Solar Radiation HO, Predicted Global Solar Radiation

Hp and Clearnessindex KT , for Equation 24 for Uyo (1991-2007 inclusive).

Month i Tm _é Hm Ho KT = —lim Hp
10C | e SO (MIm%day?) | (MImZ2day™) Ho
JAN | 0.501 [ 33.20] 0.345 14.23 33.79 0.3978 1491
FEB | 0.4994] 33.4d 0.362 16.27 36.05 0.4513 16.26
MAR [ 0.6178| 33.15] 0.2971 14.49 38.02 0.3811 15/71
APR | 0.6878] 3256 0.321p 14.95 37.49 0.3988 16
MAY [0.7344 | 31.69] 0.293 14.84 36.41 0.4076 14)93
JUN | 0.7622| 30.57 0.231L 13.55 35.32 0.3836 13.22
JUL [ 0.8133] 28.96 0.162} 12.22 35.59 0.3434 11.89
AUG | 0.815¢ | 28.97 | 0.147¢ 10.67 37.0¢ 0.287¢ 12.0¢
SEP | 0.7989] 2453 0.2157 14.27 37.23 0.3833 13.6
OCT | 0.7533] 30.44 0.2395 14.67 36.11 0.4063 18.7
NOV | 0.6572| 31.71] 0.322¢ 16.41 34.31 0.4783 1467
DEC | 05572] 32.29 0.3218 15.31 334 0.4584 14.26

Two Variable Correlations
The correlation of coefficient of 0.922 existsween the clearness index, fraction of sunshine hadrmaximum
temperature also coefficient of determination &50.implies 85.0% of clearness index can be aceolinaction of
sunshine hour and maximum temperature.

Pelagia Research Library
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= 1395- 0046Tm+ 1591§i (21)

0

513

The correlation of coefficient of 0.830 exists beem the clearness index and fraction of sunshine &aed relation
humidity also coefficient of determination of 0.6B8plies 68.9% of clearness index can be accoufngetion of
sunshine hour and relation humidity.

S R
= 0056+ 0833= + 0170— (22)

S 100

0

I|| I
O |

The correlation of coefficient of 0.656 exists beém the clearness index and maximum temperatureesatibn
humidity also coefficient of determination of 0.4R8plies 42.9% of clearness index can be accoufngation of
sunshine hour and relation humidity.

I|| I

= 0138+ 0011T, - 0136~ (23)
0 10C

Three variable correlation

The correlation of coefficient of 0.921 exists beém the clearness index and fraction of sunshine, msaximum
temperature and relation humidity also coefficiehtletermination of 0.850 implies 85.0% of cleamaxlex can
be accounted fraction of sunshine hour, maximunptrature and relation humidity.

HP _ 1387+ 15925 - 0045Tm+ 0004 (24)
Ho 5 100
DISCUSSION

A close examination of Table | shows that the maximvalue of the mean daily sunshine hours, andrtbethly

mean global radiation on horizontal were 4.29 haod 16.27(MJm‘2day‘1) respectively and occurred in the
month of February while the maximum value of thenthty mean daily relative is 68.32%. The maximurfugaof
the mean daily maximum temperature, and the momtidgn global radiation on horizontal were 33.40s{beland
16.27 (MJm'zday'l) respectively and occurred in the month of Februafhis value is within what is within

what is expected of tropical site [9-11]. Howeueghould be noted that isolation instrument resdrdur of bright
sunshine solar radiation flux density is above ttireshold value. Hence, during the month, durirg nionth of
Febuary, very high daily mean sunshine hours at&mdd because it has high clearness index.

Conversely, the minimum values of the monthly médaily sunshine hour and monthly mean daily glolmhis

radiation on the horizontal surface occurred in éatgwvere 12.11 hours and 10.éIV/IJm'2day'l) respectively.

These values were compared with previous work9Jéahd it was characterized by heavy rainfall aactpntage of
sunshine hours is very low as the sky is mostlyiheavercast [13].

For the correlations involving sunshine hours aoldrsradiation for Uyo, the values of the regressionstants is
0.239 and 0.585 are in close agreement with difteresearch work in Nigeria [4,8,24]. The sum afression
coefficient (at b) is interpreted as transmissivity of the atmoseHer global solar radiation under perfectly clear
sky condition [17]. Similarly, the intercept ‘a’ iaterpreted as the transmissivity of an overcasioaphere. It is
therefore important to examine the regressionioglatie have developed and compare it with othetsrims of the
value of the atmospheric transmissivity under skiém value of Uyo is 0.82, which compares favolyrabith the
value of 0.68-0.85 as clear sky transmissivity akirtropical regions [1-3, 7-8, 24].
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In general, the values of the regression coeffisi@btained for one variable correlation for Uyoswaund to
different from the values obtained by[8,14,19 2Q-26 the Northern Nigeria. These differences irdiécthat the
regression coefficient associated with meteoroklgiata changes with latitude and atmospheric tiomdi The
correlation coefficient of 0.811 exists betweeraahess index and fraction of sunshine hours.

The result of the analysis from equation 18 ushg dlearness index and fraction of sunshine dat&fo shows

a= 0239 andb = 0585. Therefore, the monthly mean daily solar radiationthe horizontal surface for any
month can be predicted from equation (18, 19 and@ally the result also shows that the annuarage global

solar radiation received in Uyo is 14.$MJm‘2day"1).

TableVIII: Equationswith Regresson and Statistical I ndicator for Uyo (1991-2007 inclusive)

Equation No.l r | R2 | MBE | RMSE| MPE
% = 0239+ 0585_E 18 | 0.811| 0.811] -0.0042 0.0012 0.029
(0]
@:—0229+ 00T, 19 | 0.641| 0.411 -0.0042 0.0012 0.00p9
Ho
£=—0589— 02803 20 | 0636 0.404 -0.027 0.0953 0.192
Ho 10C
Hp _ — S
— = 1395- 0046Tm+ 1591 — 21 | 0.921| 0.848 -0.0458 0.159  0.32
Ho S,
£= 0056+ 0833_§+ O:I.?Oi 22 | 083| 0689 00133 0146 -0.093
Ho S, 100
Hp _ — R i
—- = 0138+ 0011r,, — 0136—— 23 | 0.656| 0.429 -0.0275 0.093 0.192
Ho 10C
Hp _ S — R
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Figure 1: comparison between the measured and predicted Global Solar Radiation for equation 18 (1991—2067).
1932

Pelagia Research Library



ltuen, Eno. E et al Adv. Appl. Sci. Res., 2012, 3(4):1923-1937

18
16 -
14 -
12 -
10 ~

=—¢—MEASURED SR
== PREDICTED SR

GLOBAL SOLAR RADIATION
(MJ2day?)

o N B O
1

1 2 3 4 5 6 7 8 9 10 11 12
MONTHS OF THE YEAR (1991-2007)

Figure 2: Comparison between the measured and predicted Global Solar Radiation for equation 19 (1991—20(57).
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Figure 3: comparison between the measured and predicted Global Solar Radiation for equation 20 (1991—2067).
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Figure 4: Comparison between the measured and predicted Global Solar Radiation for equation 21 (1991—2067).
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Figure 5: Comparison between the measured and predicted Global Solar Radiation for equation 22 (1991—2067).
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Figure 6: Comparison between the measured and predicted Global Solar Radiation for equation 23 (1991—2067).
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Figure 7: Comparison between the measured and predicted Global Solar Radiation for equation 24 (1991-2067).
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Figure8: comparison between the measured and predicted Global Solar Radiation for equations 18-24 (1991-2007).
CONCLUSION

In view of the worldwide concern about the econonmportance of global solar radiation as an altevea
renewable energy, the monthly global solar radmtigsing relative humidity, sunshine hour and maximu
temperature have been employed in this study teldp\correlation equations.

Three variables have been developed with diffelygrgs of equations obtained. From the results vwdoesidering
statistical indicators that are MBE, RMSE and MFRis equation could be employed in the predictibmglobal
solar radiation of location with similar latitudadhother geographical information as in Uyo, NiDedta Region.

Again the correlation with the smallest value of B®lis given by equation (24). The global solaratidh intensity
values produced by this approach can be used idakigned and prediction of performance of solgliegtions
system which is gaining attention in Nigeria.
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