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Prediction of global solar radiation from sunrise duration using regression functions
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Abstract

The paper estimates the global solar radiation in Dubai and Abu Dhabi meteorological stations in the
United Arab Emirates. Theoretical models based on Angstrom-Prescott have been applied to data of
sunshine hours for the period from 2010 to 2019. The models are developed using 2010 - 2018 data and
validated by comparing them to the 2019 data. Theoretical solar radiation estimates the maximum of
global solar radiation to be in June for both stations, which is in good agreement with the actual
data. The performance of the model is tested using statistical indicators such as the coefficient of
determination R? and the Mean Root Square RM SE. The results show that the models were effective
enough to describe the global solar radiation with overall R? of 0.8874 and 0.8706, RM SE of 0.0258
and 0.0241, M BE of 0.0412 and 0.0376, and M P E of 0.2371 and 0.2318, for Abu Dhabi and Dubai
meteorological stations, respectively.
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1. Introduction

Nowadays, the seek for renewable energy sources is becoming very essential to overcome the large
dependence on conventional fuel sources such as petrol and coal. The sun is the main source of free
energy that is easily available in the atmosphere and the surface of Earth, providing about 99 % of the
energy needed for different processes on Earth. The study of solar radiation is used in several
applications to predict the produced energy from power plants, climate modeling, and weather
forecasting. Therefore, a solid understanding of solar radiation is very significant to estimate solar
energy and develop solar energy projects and applications (Sumaryada et al., 2019). In addition, solar
energy is considered an important source of renewable energy that is strongly encouraged and supported
in many countries (Adomavicius, 2015; Kapitonov, 2019). In addition, it is one of the best options
to get along with the increasing demand for clean energy to reduce pollution and fight against climate
change sources (Yadav et al., 2014).

The distribution of the radiation at the top of the atmosphere is determined by some parameters.
Characterizing these parameters leads to modeling the approach in order to obtain the appropriate
distribution. Regression functions have become very powerful tools for estimating different
meteorological and environmental indicators (Hafsa et al., 2017; Amiri et al., 2018). Therefore,
available meteorological parameters such as sunrise duration, temperature, relative humidity, etc have
been used to evaluate solar radiation at different locations (Koussa et al., 2009; Kumar et al., 2005).
These studies rely on theoretical models for the estimation of global solar radiation such as the
Angstrom-Prescott, which is a widely used model in the field of solar radiation (Prescott, 1940). In
this paper, data on sunshine hours from two stations in the United Arab Emirates (Abu Dhabi and
Dubai) are used to evaluate the global solar radiation using the Angstrom-Prescott model, and the
measurement is compared to the actual data.



Prediction of global solar radiation from sunrise duration using regression functions

2. Materials and methods

The horizontal daily solar radiation on the top of the atmosphere can be calculated using the following
equation (Kumar et al., 2005):

241
Qo = —O(COS(QZ)) - cos(6) - cos(w) + w - sin(Q) - sin(é)), (1)
T
where g is the horizontal solar radiation at the top of the atmosphere, I is the extraterrestrial radiation
(given in Eq. 2), ¢ is the latitude of the station, ¢ is the declination angle (given in Eq. 3), and w is the

sunrise hour angle (given in Eq. 4).
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with d is the day of the year (d = 1 for January 1! and 365 for December 31%%), I,. = 1370 W/m? is
defined as the solar constant.
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The clearness index K is an important parameter that is generally used to describe the effect of
atmospheric attenuation on extraterrestrial radiation. It is defined as the ratio between the global solar
radiation at the surface (()) and the extraterrestrial solar radiation (Q)g). In order to estimate the global
solar radiation from sunshine hours, many regression models based on Angstrom and Prescott can be
used. We apply three types of regression models in this work, the Angstrom-Prescott Linear model
(Prescott, 1940) (Eq. 5), Logarithmic (Ampratwum et al., 1999) (Eq. 6) and an Exponent function
(Bakirci, 2009) (Eq. 7), as follows:
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with @ is the global solar radiation at the surface, n is the monthly average observed sunshine duration,
N is monthly maximum possible sunshine duration, and a, b are the regression constants.

The sunrise, sunset, and solar radiation data are provided by the National Center of Meteorology
(NCM, 2020) for two stations, Abu Dhabi and Dubai, in the United Arab Emirates. Ten years of data
was provided for the period between the beginning of 2010 and the end of 2019. An overview of the data
is presented in Table 1 and Table 2. Distributions of the solar radiation and sunrise hours, for Abu Dhabi
and Dubai meteorological stations, are shown in Figure 1. The summer season in the UAE starts in May,
and that results in a high solar radiation in May, June, and July. A maximum average solar radiation is
measured in June in both stations. The sunshine duration factor varies between 10.5 and 13.5 hours per
day for both stations with a maximum sunshine time around May to July, which could also explain the
higher values of the solar radiation in these months. On the other hand, the solar radiation has lower
values in the rest of the year, reaching its minimum in December and January.

The coefficients a and b represent the properties of the atmosphere. In (Revfeim et al., 1993), the
coefficients are interpreted as; a to present the transmissivity of an overcast sky, and the sum of the
constants (a + b) as the transmissivity of the atmosphere in clear sky conditions (n/N = 1) . An
overview of the obtained coefficients from regression models is presented in Table 3.
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Table 1. Overview of average monthly solar radiation, clearness index, average sunshine, and maximum
sunshine duration in Abu Dhabi station.

ABU DHABI
Latitude 24° 28’ 38” N
Longitude: 54° 19’ 40" E

Q(Wh/m> K n() N

Jan. 4473.00 0.674 10.81 11.30
Feb. 5164.69  0.681 11.33 11.97
March | 6054.06  0.664 12.01 12.70
April 6719.87  0.682 12.41 133
May 7511.42  0.666 13.33 13.65
June 7704.57 0.667 13.64 13.68
July 7166.13  0.685 13.50 13.52
August | 7064.68  0.711 12.98 13.00
Sept. 672137  0.726 1230 12.30
Oct. 5831.10  0.713 11.58 11.60
Nov. 4794.67  0.703 10.96 10.97
Dec. 4338.52  0.689 10.65 10.63

Table 2. Overview of average monthly solar radiation, clearness index, average sunshine, and maximum

sunshine duration in Dubai station.

Latitude: 25° 15’ 10" N

DUBAI

Longitude: 55° 21’ 52" E

Q(Wh/m%) K n() N (h

Jan. 424655 0682 10.76 11.30
Feb. 488172 0.672 1130 11.95
March | 576128  0.663 12.01 12.72
April | 6575.18  0.661 1242 1337
May | 7289.06 0.683 1338 13.72
June | 755571  0.679 13.70 13.73
July 702232 0.692 13.55 13.58
August | 6701.07 0711 13.01 13.03
Sept. | 6246.99  0.721 1230 12.32
Oct. 5527.74 0717 11.57 11.58
Nov. 45744 0705 1092 10.93
Dec. | 425636 0709 10.59 10.58

Table 3. The coefficients of the applied models for Abu Dhabi and Dubai stations.

a x 102 b x 10?
Abu | Lin. | 28.44+0.23  42.33 £0.38
Dhabi | Log. | 70.39+£0.19  10.59 4 0.13
Exp. | —199.8 £3.68 11.74+0.27
Lin. | —17.40+0.15 88.82+0.91
Dubai | Log. | 70.14 £0.81  93.2040.98
Exp. | —199.2 £4.21 24.39+0.57
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Fig. 1. The mean values of the measured solar radiation (left y-axis; circles) and sunrise duration (right
y-axis; squares) for Abu Dhabi and Dubai stations.

The models were developed using nine years of data (2010 - 2018) and validated by comparing
to 2019 data. Furthermore, the performance of the procedure is evaluated using a fundamental error
method that is commonly used in solar energy researches (Ma et al., 1984). Statistical indicators were
optimized using ROOT (Rene et al., 1997), namely coefficient of determination R?, root mean square
error RM S E, mean bias error M BE, and mean percentage error M PE (defined in Equations 8, 9, 10
and 11, respectively).
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where Qje, Qim,» and Quug,m are the ith estimated, measured, and average measured solar radiation
values, respectively, and M represents the total number of measurements. RM SE presents the differ-
ence between estimated and measured values. M BE and M P E evaluate the precision of the estimated
values.

3. Results

The meteorological data of Abu Dhabi and Dubai stations are processed to estimate the global solar
radiation at the surface. Figure 2 and 3 show a comparison between the measured solar radiation values
and the estimated values by the linear, logarithmic, and exponent models, in Abu Dhabi and Dubai
stations, respectively. The first nine years of data (2010 - 2018) are used for the development of the
models and 2019 data is used for validation and comparison purposes. The prediction from regression
models shows a good agreement across the year. The measured solar radiation varies between (4338.52
Wh/m? in December - 7166.13 Wh/m? in June) and (4246.55 Wh/m? in January - 7555.71 Wh/m? in
June) for Abu Dhabi and Dubai stations, respectively. The peaks of the predicted solar radiation from
the three regression functions show significant agreement with the measured solar radiation values. All
predicted maximum values are also obtained in June (Abu Dhabi: 8021.1 Wh/m?, 7824.73 Wh/m?2,
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Fig. 2. The measured global solar radiation compared to the prediction from regression models for
Abu Dhabi station. The vertical lines correspond to the error implied by the retrieval uncertainty of the
modeled coefficients.
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Fig. 3. The measured global solar radiation compared to the prediction from regression models for Dubai
station. The vertical lines correspond to the error implied by the retrieval uncertainty of the modeled
coefficients.

7972.59Wh/m?) and (Dubai: 7694.9 Wh/m?, 7538 Wh/m?, 7931,92 Wh/m?) for the linear, logarithmic,
and exponent regression functions, respectively. Results of the theoretical and measured values are
summarized in Table 4 and Table 5.

Table 6 shows an overview of the derived statistical parameters. The obtained values of the coeffi-
cient of determination R? (about 0.87 in average), and RM SE (about 0.026 in average) give us good
confidence in the performance of the models.

Discrimination in the models performance on seasonal basis can also be observed. This discrimina-
tion is larger in Dubai station than Abu Dhabi station, and it is more pronounced in the summer period
(April through September). However, this discrimination is within the presented model uncertainties.
Furthermore, other meteorological parameters such as humidity, pressure, temperature etc., can play an
important role in the observed seasonal variation dependence. Detailed seasonal variation analysis is not
presented in this paper and will be discussed in future work.
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Table 4. A comparison of measured solar radiation values and obtained values from regression models

for Abu Dhabi station.

ABU DHABI
Q Meas. Lin. Log. Exp.
Jan. | 4473.00 4447.78 4599.76 4659.49
Feb. | 5164.69 516698 5267.08 5347.47
Mar. | 6054.06 6290.25 6374.13 6337.66
Apr. | 6719.87 6855.87 6990.86 6996.78
May | 7511.42 7782.08 7674.94 7845.24
June | 7704.57 8021.10 7824.73 7972.59
July | 7166.13 7311.62 7322.08 7481.09
Aug. | 7064.68 6966.23 6906.62 7219.60
Sept. | 6721.37 6625.12 6531.61 6614.01
Oct. | 5831.10 5889.17 5869.54 6048.64
Nov. | 4794.67 494533 4936.46 5036.04
Dec. | 4338.52 4463.70 4534.23 4534.86

Table 5. A comparison of measured solar radiation values and obtained values from regression models

for Dubai station.

DUBAI

Q Meas. Lin. Log. Exp.

Jan. | 4246.55 4006.16 3907.15 4130.69
Feb. | 4881.72 4782.28 4709.63 4957.35
Mar. | 5761.28 5821.26 5581.42 6041.98
Apr. | 6575.18 6686.61 6537.40 6954.19
May | 7289.06 7301.91 7138.62 7520.69
June | 755571 7694.90 7538.00 7931.92
July | 7022.32 7205.87 6933.92 7372.30
Aug. | 6701.07 6773.57 6553.97 6881.96
Sept. | 6246.99 6240.07 6110.10 6422.89
Oct. | 5527.74 5512.28 552539 5653.36
Nov. | 4574.40 4705.37 4700.82 4711.20
Dec. | 4256.36 4349.35 4312.13 4306.73

Table 6. Coefficients of statistical performance of the regression models

stations.

for Abu Dhabi and Dubai

R? RMSE MBE MPE
Abu Dhabi
Lin. 0.8912 0.0261 0.0413 0.2132
Log. 0.8865 0.0251 0.0446 0.2261
Exp. 0.8846 0.0262 0.0377 0.2719
Dubai
Lin. 0.8755 0.0245 0.0386 0.2417
Log. 0.8651 0.0241 0.0350 0.2582
Exp. 0.8713 0.0238 0.0391 0.1954
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4. Discussion

The meteorological data of Abu Dhabi and Dubai stations are used to estimate the global solar radiation
using the sunrise duration parameter. Linear, Logarithmic, and exponent regression models are used to
estimate the global solar radiation at the surface. The application of these methods to the global solar
radiation of Abu Dhabi and Dubai stations showed a general agreement between the measured data and
the estimated values from the three used models, within uncertainties of the coefficients of the models.
However, the logarithmic model shows a better description of the data than the linear and exponential
functions. The proposed methods predicted the maximum global solar radiation in June in both stations,
with an average R? of 0.89 and 0.87, average RM SE of 0.026 and 0.024, average M BE of 0.041 and
0.038, and average M PFE of 0.24 and 0.23, for Abu Dhabi and Dubai stations, respectively. Moreover,
other meteorological parameters such as average temperature, humidity, and pressure can also be used to
extend the study. Moreover, other regression models based on Angstrom and Prescott such as Quadratic
and cubic functions can be also tested in the future. In addition, more mathematical approaches can
be implemented such as fuzzy logic and aggregation functions, which are becoming good mathematical
candidates to convert many input values into a representative output value (Ahmad et al., 2016; Jwaid et
al., 2021; Haj Ismail et al., 2021; Ismail et al., 2021).
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