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Abstract

One way to forecast solar radiation when the measurement
data are not available is estimation by using meteorological
parameters. In this study, meteorological data, including
maximum and minimum temperatures, wind speed, sunshine
hours, degree of cloudiness, precipitation, pressure, and
humidity were collected in the sixth stations of Mashhad,
Isfahan, Ramsar, Zahedan, Urmia, and Shiraz. Meteorological
parameters affecting solar radiation were determined using
Gamma test at each station. The results showed that in all
stations the maximum temperature and sunshine hours, in 5
stations degree of cloudiness, and in 4 station pressure and
wind speed were the parameters affecting the solar radiation.
The most important influencing parameters were different at
each station so that in four stations the wind speed and in
three stations the sunshine hours were ranked as first and
second. The results showed that the maximum temperature
and the degree of cloudiness were also effective on solar
radiation but they possessed less importance compared to the
latter  parameters. After determining the effective
meteorological parameters at each station, solar radiation was
estimated using support vector machine (SVM) and three
experimental methods of Angstrom, Hargreaves, and
Abdullah. Coefficients of experimental methods was
calibrated using data training. In stations under study the
accuracy of Angstrom and Abdullah were not certain and at
some stations Abdullah and in others the Angstrom methods
estimated radiation more accurately. Hargreaves method
estimated the solar radiation with less accuracy compared to
the two other experimental methods. SVM estimated the solar
radiation in the test phase at Isfahan, Mashhad, Urmia,
Ramsar, Shiraz, and Zahedan stations by RMSE errors of
1.38, 1.28, 1.36, 1.51, 1.21, and 1.58 MJm-2d-1 and MEF
errors of 3.59, 5.50, 4.18, 7.96, 3.26, and 5.17 percent,
respectively. SVM estimated the solar radiation with greater
accuracy than empirical methods in all stations by using
artificial intelligence.
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Table 1. Average data used to estimate solar radiation
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Zahedan Shiraz Ramsar Orumiye Mashad Esfehan
Number of days 4725 2384 2400 4079 4624 5488
Minimum temperature (C°) 10.9 10.8 14.0 5.8 9.6 9.7
Maximum temperature (C°) 217.2 26.5 20.2 185 23.1 245
Sunshine duration (hr) 9.4 9.4 4.6 8.3 8.6 9.3
Air pressure (mb) 862.1 8509 10174 8674 903.0 843.6
Relative humidity (%) 28.8 37.7 83.2 57.1 49.6 34.9
Rainfall (mm) 0.2 0.6 3.3 0.7 0.7 0.4
Wind speed (m/s) 3.3 1.8 1.8 1.9 25 15
Cloudiness 15 1.7 4.7 2.6 3.0 1.8
Solar radiation (MJm2d?) 7.6 7.3 55 5.4 6.7 6.2
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Table 2. Parameters affecting on solar radiation
S jo> il g g0 (gl el Y Jou

. Cloudiness Wind  Rainfall  Relative Air  Sunshine Maximum Minimum
Station - .
speed humidity  pressure  duration temperature temperature
Esfehan v v v v
Mashad v v v v v
Orumiye v v v v v
Ramsar v v v v
Shiraz v v v v v
Zahedan v v v v v
Table 3. Ranking parameters affect on solar radiation in stations
o] p2 43 (G yo U g2 9o S el (gasa, Y Jgoa
Station  Parameters Gamma(I')  Slop (A) Error Vratio
All 0.171 0.342 0.0079 0.683
All-RH 0.179 -0.601 0.0042 0.790
Esfehan All-n 0.192 0.088 0.0048 0.768
All-p 0.187 -0.591 0.0083 0.748
All-Tmax 0.186 0.086 0.0088 0.745
All 0.165 0.192 0.0062 0.663
All-n 0.205 -0.329 0.0028 0.820
Mashad AII-W_ 0.180 0.294 0.0083 0.719
All-Tmin 0.176 0.095 0.0111 0.706
All-Cl 0.170 0.548 0.0064 0.679
All-Tmax 0.168 0.194 0.0058 0.672
All 0.174 0.146 0.0075 0.695
All-p 0.179 0.254 0.0068 0.714
Orumiye All-w 0.183 0.108 0.0045 0.734
All-n 0.191 0.241 0.0060 0.765
All-Cl 0.195 -0.093 0.0053 0.781
All-Tmax 0.186 0.147 0.0062 0.745
All 0.179 0.302 0.0088 0.716
All-w 0.230 -0.056 0.0052 0.919
Ramsar All-n 0.208 0.029 0.0047 0.832
All-Tmax 0.199 0.245 0.0079 0.795
All-Cl 0.186 0.401 0.0101 0.746
All 0.150 0.348 0.0176 0.598
All-w 0.209 -0.351 0.0131 0.835
Shiraz All-p 0.192 -0.136 0.0077 0.770
All-Cl 0.195 0.115 0.0121 0.780
All-Tmax 0.190 -0.014 0.0128 0.762
All-n 0.190 0.147 0.0124 0.761
All 0.194 0.198 0.0074 0.775
All-RH 0.217 -0.062 0.0055 0.868
Zahedan All-Tmax 0.211 -0.019 0.0050 0.844
All-p 0.211 0.129 0.0081 0.844
All-n 0.208 0.260 0.0050 0.832
All-Cl 0.199 0.364 0.0068 0.799
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Table 4. Error and coefficient determination of
SVM in estimating solar radiation

M)JSVM dl]a$-5w'%).éﬂbﬁo—f Jg.\q-

S y95 (i
Station R? RMSE MEF
Esfehan 0.82 1.51 2.99
Mashad 0.76 1.48 3.80
Train Orumiye 0.84 1.48 9.28
Ramsar 0.85 1.57 4.42
Shiraz 0.81 1.02 4.62
Zahedan 0.90 1.53 441
Esfehan 0.78 1.38 3.59
Mashad 0.78 1.28 5.50
Orumiye 0.84 1.36 4.18
Test

Ramsar 0.83 151 7.96
Shiraz 0.83 1.21 3.26
Zahedan 0.89 1.58 5.17
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Figure 3. Comparison of solar radiation estimated by SVM and actual values at stations: a) Esfehan, b)
Mashad, ¢) Orumiye, d) Ramsar, €) Shiraz, f) Zahedan
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Table 5. Coefficients of empirical relations at each station
su! y2 53 (2528 by, ulpd -0 Jgoa

Station Angstrom Hargreaves Abdallah
a b Kr a b c d

Esfehan 0.34 0.37 023 031 0.39 0.0004 -0.0006
Mashad 0.33 0.30 021 032 031 0.001 -0.0002
Orumiye 0.31 0.41 020 034 042 0.005 -0.007
Ramsar 0.27 0.49 018 032 041 0.0007 -0.001

Shiraz 0.30 0.42 016 033 037 0.004 -0.005
Zahedan 0.37 0.31 017 039 0.29 0.0003 -0.008
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Figure 4. Comparison of solar radiation estimated by SVM and empirical relations: a)
coefficient of determination, b) RMSE error, ¢c) MEF error
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