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ABSTRACT

Prediction of monthly mean global solar radiatioBER) based on atmospheric parameters, using Myl
perceptron (MLP) neural networks and an Angstromedeott model has been studied. Monthly mean maximum
temperature, relative humidity, sunshine hours, eledid cover values between 1991 to 2007 for UtyeNigeria
(latitude 5 N, Longitude $E), were used in this study. The statistical asialyAngstrom-Prescott model show that
MBE=-2.05667, RMSE=4.17173 and MPE=15.4617 whik thf ANN model are MBE=-0.12667, RMSE=0.26243
and MPE=0.69231. The low values of ANN model indgaeasonably strong correlation between ANN nsdel
prediction and measured values of global solar aion for Uyo-Nigeria. The value?®f ANN model show that
97.2% of is correct while Rof Angstrom-Prescott model show that 74.5% is exirrtherefore, ANN model is a
better model for this prediction.

Keywords: Atmospheric parameters, ANN, Angstrom-Prescott, eho@lobal solar radiation.

INTRODUCTION

The troposphere is the first layer above the esighiface which contains 90% of the earth’s atmesphnd 99%
of the water vapor. All of our normal day-to-dayieities and atmospheric weather activities ocduthis region.

Atmospheric weathers a state of the atmosphere at any given time @lade. Weather occurs because our
atmosphere is in constant motion. Weather changay season because of the earth’s tilt when blv@s around
the Sun. Some determining factors of weather anpéeature, precipitation, fronts, wind, relativenidity, clouds,
hurricanes, tornadoes, thunderstorms, etc.

Solar radiation while passing through the earthtismiosphere is subjected to the mechanisms of atreasph
absorption and scattering. A fraction of the rddiatreaching the earth’s surface is reflected batk the
atmosphere and is subjected to these atmosphenimptenons again; the remainder is absorbed by ®atttace.
The absorption of solar radiation is mainly by mepwater vapor, oxygen, nitrogen, carbon (V) exids well as
clouds and scattering is due to air molecules, dndtwater droplets, these factors are predominantitain at the
troposphere.

The amounts of global solar data are best obtdiyethstalling pyranometer at any site and day tg dsdings
from the instrument give us the data. But becausth® unavailability of the instruments in many dtions,
atmospheric parameters at a particular locatiorbeneg use to predict the global solar radiatiothet location.
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Researchers from difference places have used alradsparameters to estimate solar radiation &Yetated the
estimated daily global solar radiation with houfsbaght sunshine in Turkey (2), developed new elation of
global solar radiation with meteorological Paramefer Bahrain (8), and estimated the global sdration using
artificial neural networks.

This paper is aimed at comparing the use of ANN Amgstrom-Prescott models in predicting Global $ola
Radiation for Uyo-Nigeria, with atmospheric paraemstof sunshine.

MATERIALSAND METHODS

The monthly mean daily data for sunshine hours, imam temperature, relative humidity, cloud coverreve
collected from the Nigerian Meteorological AgenEgderal Ministry of Aviation, Oshodi, and LagosgHiia.

The global solar radiation data were collected tmsyr of Renewable Energy for Rural Industrializatiand
Development in Nigeria. The data obtained covergatrdod of seventeen years (1991 — 2007) for Uyigeha
(latitude 50 30 °N, Longitude50 41°E). The monthiyerages data processed in preparation for thelations are
presented in Table 1.

This study was based on Multi Layer Perceptron (MiRich trained and tested using past seventeers y&891-
2007) with meteorological data. The chosen weattsa were divided into two randomly selected groups
training group, corresponding to 66.7% of the patdeand the test group, corresponding to 8.3%atiEms; so that
the generalization capacity of network could becg&ed after training phase. Also three random momthse
selected as holdout data and it corresponds t@2&Bich is use for validation after training.

The following is an outline of the procedure usedhie development of the ANN model:

i) Input and target values were normalized, inrdrgge -1 to 1.

i) Matrix size of the dataset was defined.

iii) Partition and create training and validatiarbsdatasets.

iv) The MLP neural network was created

v) The MLP neural network was trained

vi) Automatic Architecture selected

vi) Generate output values.

vii) Un-normalize the output values.

viii) The performance of the neural network wasaitesl by comparing the output values with measueddes.

Angstrom-Prescott equation model were used to g#medata for the prediction. The monthly mean daily
extraterrestrial radiatiorﬁ,fJ and monthly mean day lengii was derived from the following formulae:

= 24 7 . .

H, =— I.-Eg [ﬁ W sin ¢ sin § +CosPcos & Cod] (1)
N= —5 Cos™ (-tand tand) ----------- 2)

5= 23.45 sm[“‘“’ '::'”3‘”] ®)

W;=Cos" (-tand tan®) --------------- (4)

Where,
I;-= Solar constant (4.921 MJm-2day-1),

N= characteristic of day Number
@= latitude angle

ws= sunshine hour angle

d = Solar angle of declination.
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Table 1: Meteorological Data and Global Solar Radiation for Uyo.
— — H Measured Empirical = _Huyl ANN Predicted SR
Month | ™ ﬂf[f,—'lr Tm R I (MJm’zgay-l) SR gR Kz= .l'rﬁc (MIm*day")
hours |+ O (MIm?day?) | (MImZday?

Jan. | 4.06] 0.34] 33.1p 0.50 0.4 34.21 14.27 14.54 34 0. 15.30

Feb. [ 429| 0.36] 3444 o050 046 35.06 14.85 15.71 36 0. 15.16

Mar. | 3.56 [ 0.30] 3337 0.62 0.69 37.72 16.11 14.29 300. 14.43

Apr. | 3.89 | 0.33] 3249 0.69 0.6p 36.48 15.75 15.11 330. 14.98

May. | 3.84 | 0.33] 3153 078 0.69 36.22 15.07 15.00 330. 15.14

Jun. [ 2.86| 0.24] 3049 0.7 0.9 34.13 13.57 10.39 24 0. 13.95

Jul. 191 0.16] 2913 0.8 0.70 35.81 12.47 7.07 60.1 12.08

Aug. | 1.79[ 0.45] 2899 0.82 0.70 35.05 11.39 6.43 50.1 11.77

Sept. | 259] 0.22[ 29.76 0.80 0.0 36.26 14.01 10.04 220 13.55

Oct. | 2.84| 0.24] 3057 075 0.69 36.68 14.75 11.16 24 0. 13.95

Nov. | 379 032] 3192 0.66 0.69 34.58 14.37 13.92 320. 14.99

Dec | 3.7¢ | 0.3z | 32.1z | 0.5€ | 0.6¢ 32.4¢ 15.2¢ 13.4¢ 0.3: 15.0¢

RESULTSAND DISCUSSION

Table 1, shows the calculated values of measuredhiyomean daily sunshine houii, possible sunshine fraction

hours “fh—i,. , measured monthly mean daily maximum temperallyfe measured monthly mean daily relative

humidity R, calculated measured monthly mean dalbudiness cf‘f , extraterrestrial solar radiation on a

horizontal surfaceH,, measured global solar radiation on a horizontafase H,,, empirical global solar

radiation on a horizontal surface, the cleariiedex Ky = HD/E as well as the result of the artificial neural

M

network of global solar radiation on horizontalfage.

A close examination of Table 1, as well as Figurés 3 shows that the minimum values of the monthdan daily
sunshine hours and monthly mean daily global s@diation on a horizontal surface both for AngstBrescott,
ANN measured values, which are 1.79 hours and @237 and 11.39 (MJfday-), respectively, occur in the
month of August. This value is within what is expgetof a tropical site (6, and 9).

Figures 4-5 shows the comparison between measuatkegradicted monthly average daily global solaiatoh for
the two models, figure 6 shows the comparison betwtbe two models and the measured values of gkiat
radiation. It is clear that there is a good agrestinbetween the measured and ANN predicted data.

The month of August is characterized by heavy falls, therefore is well expected as this rainysseaperiod in
Nigeria. It is important to state here that frone flecords of temperature made during the seventegnperiod,
August has the lowest monthly mean daily averaggézature of 28.94C.

Figure 4 shows the variation of measure and ANNbalcsolar radiation during the year; figure 5 shaws
variation of measured and Angstrom-Prescott of glablar radiation. From the two figures, it isadl¢hat August
have the minimum value of solar radiation.

In order to evaluate the performance of ANN anglstrom-Prescott models quantitatively and checlethdr there
is any agreement with the measured values, stalistnalysis involving mean bias error (MBE), rom¢an square
error (RMSE) and mean percentage error was condluM8E is an induction of the average deviationtlod

predicted values from the corresponding measuréal ttee lower MBE the better. RMSE provides infotiora on

performance, and is a measure of the variatiorredipated values around the measured data. The tbedRMSE,

the more accurate is the prediction. MPE is alsotascheck the error of the models in percentdge ldwer the
value the more accurate of the model.
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From the statistical analysis, the summation of girgn-Prescott model, MBE= -2.05667, RMSE=4.171ii8 a
MPE=15.4617 while the summation of ANN model, MB&42667, RMSE=0.26243 and MPE=0.69231. The low
values indicate reasonably strong correlation betw&NN models prediction and measured values dfajlsolar
radiation for Uyo-Nigeria.

20 -
=
2
%% 15 W
T o
oo~
B 'E 10 +
0 —
z23 5 —4— Measured SR
=
)
@ 0
o 0 i i ‘\' o o\ %. L (}" =) .
W@ @ W@ YR O
Figure 1: Graph of Measured Solar Radiation
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Figure 2: Graph of Empirical Globalsolar Radistion
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Figure 3: Graph of ANN predicted Global Solar Radiation
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Figure4: Graph of measured and ANN solar Radiation
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Figure 5: Graph of measured and ANN solar Radiation
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The values of the correlation coefficient for ANNdel R = 0.986 and the coefficient of determinaf8r= 0.972.

The value of R (0.989) indicates that there isghipositive correlation between ANN predicted almel tnonthly
mean daily global solar radiation on a horizontaface. Also, the value of°R0.972) indicates that 97.2% of the
variation in the monthly mean daily solar radiatmna horizontal surface can be explained by theeho

The value of R and #of Angstrom-Prescott model is 0.863 and 0.745caudis that 74.5% of the variation in the
monthly mean daily solar radiation on a horizostalface can be explained by the model. The lowevahd low
percentage indicates lower performance of prediatmmpare to ANN model.
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CONCLUSION

In this paper, ANN and Angstrom-Prescott model wase to predict the monthly average daily globdarso
radiation on a horizontal surface for Uyo city ingBria. Atmospheric parameters between 1991 and 28fre
used. Table 1 shows the atmospheric parameterutige prediction. The chosen weather data werigleld into
three randomly selected groups, the training grazgrresponding to 66.7% of the patterns, the testumy
corresponding to 8.3% of patterns and as holdotat dad it corresponds to 25.0% which is use foidetibn after
training so that the generalization capacity ofwmek could be checked after training phase. Thaipations of
Global Solar Radiation (GSR) were made using fiembinations of data sets. Figure 4 and 5 show éheslation
between the measured and ANN, and measured andrAmgBrescott model. Figure 6 shows the comparison
between measured, ANN and Angstrom-Prescott vafuthe monthly mean daily global solar radiation an
horizontal surface. From the figures it is cleaattANN model has strong agreement and relationsiitip the
measured monthly mean daily global solar radiatiora horizontal surface, thus the better modelshmaild be use
for prediction ofmonthly mean daily global solar radiation on a honital surface.
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