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Solar energy is the most important source of renewable energy, in other
words, the main source of energy on Earth. Therefore, estimating the solar
radiation parameter with high accuracy is very important. In this regard, in
the present study, meteorological data of 3 meteorological stations of
Ardabil province, including Meshginshahr, Germi, and Nir for a period of 2
years (2017-2018) on a daily scale were used. Then, the intensity of daily
solar radiation in each of the mentioned stations was estimated using
random forest and random forest methods-genetic algorithm. The
meteorological variables used included minimum, maximum and average
temperature, relative humidity, and wind speed, which in eight different
combinations were considered as input data in the model calculations. The
obtained results were compared with each other using statistical parameters
and the best models were selected. By comparing the results, the models of
Nir, Meshginshahr, and Germi stations were ranked from highest to lowest
modeling accuracy, respectively; So that the GA-RF-V model in Nir station
with the root mean square error of 0.346 MJ/m?d and Kling-Gupta
efficiency of 0.687 with the least error was introduced as the best model in
this study. Also, the results showed that the genetic algorithm has helped to
increase the accuracy of all utilized models.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

most appropriate way for production, growth and
economic development of developing countries

The sources of fossil energy are running out and
the use of this type of energy has disadvantages
such as greenhouse gas emissions, air pollution
and global warming. So, there is no doubt that
the replacement and use of clean and renewable
energy such as solar energy can be the best and

such as Iran. In addition, solar energy and solar
radiation is one of the key factors in the fields of
agriculture, hydrology and meteorology. Due to
the fact that there are problems in using physical
methods and meteorological data (requires

complex calculations, high costs, etc.) in
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Modeling Estimation of Daily Solar Radiation

predicting solar radiation, statistical methods and
intelligence learning models can be used as a
complementary solution that requires much less
cost and time. In recent years, researchers have
used these methods to model solar radiation.
According to previous researches, the importance
of using data-driven methods in estimating the
intensity of solar radiation is clear. Therefore, in
this study, the intensity of solar radiation in three
meteorological stations of Ardabil province was
estimated using different meteorological data in
different combinations as the input of random
forest models. Also, using the genetic algorithm,
the obtained values from RF models were
optimized. Finally, by comparing the results of
different scenarios in the three stations of study
area, the most accurate model in each station and
among all stations was selected and introduced.

Materials and Methods

In the present study the meteorological data of
average, minimum, and maximum temperature,
relative humidity, and wind speed were utilized
to estimate daily solar radiation in three
meteorological stations of Ardabil province
including Meshgin Shahr, Germi, and Nir from
over a period of 2 years (2017-2018) on a daily
scale so that the mentioned parameters are used
as input data in eight different combinations.
These combinations of input parameters consist
of 1) mean temperature, 2) minimum temperature
and maximum temperature, 3) mean temperature
and relative humidity, 4) mean temperature,
minimum temperature and maximum
temperature, 5) minimum temperature, maximum
temperature, and relative humidity, 6) minimum
temperature, maximum temperature, relative
humidity and wind speed, 7) mean temperature,
minimum temperature, maximum temperature,
relative humidity and 8) mean temperature,
minimum temperature, maximum temperature,
relative humidity, and wind speed. The methods
used in this research include random forest and
random forest optimized by genetic algorithm.
Random forest is a set of CART trees and is
expressed in four stages: First, the N subset of
training samples (D1, D...., D,) are selected
among the sample code set in the training section
(D) using the Bootstrap sampling method, and
finally, N decision tree will be formed. Then in
the N classification tree node index, the m
characteristic is selected randomly and according
to the principle of minimum node purity, the best
characteristic among the M candidate index will
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be selected. This way the trees will grow. The
third step is to repeat the second step. N decision
tree is generated. Finally, in the fourth stage,
well-grown N decision trees form a random
composite forest. The sample on the top floor of
the random forest awaits a majority vote. By
optimizing the basic parameters in the RF model,
the efficiency and accuracy of the model can be
improved. Trees have different percentages of
accuracy in RF performance, so some trees can
make incorrect predictions and reduce model
performance. Various strategies are used to
increase the accuracy of the model, including the
hill climbing strategy and the greedy algorithm,
although these strategies have drawbacks such as
getting stuck in local optimization and creating a
super-optimal  subset. Therefore, the GA
algorithm is implemented to solve this problem
by selecting the best subset of features that can
improve the performance of the RF model, and
consequently, the RF model, which is optimized
by the genetic algorithm (GA-RF), has high
accuracy compared to the RF model.

In this study, 70% of the data were used to
calibrate the studied models and the remaining
30% were used to validate the models, and then
the results obtained from the validation section of
each model were compared using statistical
indices such as correlation coefficient (CC), root
mean square error (RMSE) and Kling-Gupta
efficiency (KGE) and the best models were
selected. In addition, the Taylor diagram was
used to analyze the accuracy of the applied
models. Taylor diagram is a graphical solution
for evaluating the accuracy of predicted data by
simultaneously  depicting  three statistical
parameters: root mean square error, standard
deviation, and correlation coefficient.

Results

The results showed that in the random forest
method and in Germi station, RF-VI model with
CC of 0.77, RMSE of 0.522 MJ/m? d and KGE
of 0.654, in Meshgin Shahr station, RF-VI model
with CC of 0.813, RMSE of 0.417 MJ/m? d and
KGE of 0.529 and in Nir station RF-V model
with CC of 0.778, RMSE of 0.363 MJ/m? d and
KGE of 0.693 had the best performance. Figure
(1) illustrates bar charts of statistical indicators of
the best-studied models in each station. Overall,
by comparing the results between the three
studied stations, the models of Nir station
performed more accurately in the RF method
than the other two stations, and the results of
Meshgin Shahr and Germi stations were in the
next rank, respectively. In GA-RF models, Nir,
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Meshgin Shahr, and Germi stations were ranked
first to third, respectively. It is noteworthy from
the obtained results that in the studied stations,
the genetic algorithm has improved the

performance of all the utilized models so that all
GA-RF models have more accurately estimated
the intensity of solar radiation by reducing the
error.

BRF BOGA-RF BRF BOGARF

Jdeshgin Shahr-VI  Nir-V

Germi-VI Meshgin Shahr-VI  Nir-V

Meshgin Shahr-VI v

Fig. 1 Bar charts of statistical indicators of the best studied models in each station

Moreover, diagrams of temporal variations of
observed and predicted solar radiation values,
diagrams of the distribution of observed and
predicted solar radiation, and bar graphs of
statistical indices of the best studied models in
each station showed the better performance of
the top models. Similarly, Taylor diagram for the
studied models showed that the GA-RF-VI
model in Germi and Meshginshahr stations and
the GA-RF-V model in Nir station had a smaller
radial distance with the observed data and,
therefore, indicated higher accuracy in estimating
solar radiation. The parameters of minimum and
maximum temperature and relative humidity had
greatest effects on increasing the accuracy of
solar radiation estimation in all three study
stations and Taylor diagram showed the
superiority of the models with the input of the
mentioned parameters.

Conclusion
The overall conclusion showed that: 1) In Germi
and Meshgin Shahr stations, the sixth

combination models with the input parameters of
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minimum and maximum temperature, relative
humidity and wind speed provided the most
desirable results. 2) In Nir station, the fifth
combination models with the input parameters of
minimum and maximum temperature and relative
humidity had the highest accuracy and the lowest
error. 3) By comparing the results between
mentioned stations, in both RF and GA-RF
methods, Nir, Meshgin Shahr and Germi stations
were ranked from high to low accuracy,
respectively. 4) By examining RF with GA-RF
models, it was concluded that the genetic
algorithm improved the performance of the
models and had a positive effect on all models.

Data Availability
The data can be sent by email by the responsible
author upon request.
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Table 2 Correlation coefficients between the solar
radiation parameter of each station with other
meteorological parameters
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Shahr
Nir 0603 0780 0762 -0357 -0233 1
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Table 3 Different combinations of utilized
meteorological parameters

Model Input parameters

I Tm

I Tmin, Tmax

Il Tm, RH

v Tm, Tmin, Tmax

\Y Tmin, Tmax, RH

VI Tmin7 Tmaxy RH: WS
Vi Tm, Trmin, Tmax, RH
VI Tm, Trmin, Tmax, RH, WS
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Table 4 Statistics of meteorological data at studied stations in both calibration and validation sections

Statlon Stage Parameter Xmean Xmin Xmax Sx Cv Csx
Rs 2.267 0.378 3.94 1.021 0.45 -0.09
Trmean 17.308 -4.5 31.1 8.778 0.507 -0.42
I Trmin 12.92 -8.8 26.7 8.011 0.62 -0.433
Calibration
Tmax 22.435 -0.6 36.3 9.318 0.415 -0.453
RH 64.846 20.75 100 20.663 0.319 -0.1
Germi WS 2.784 0.125 9.5 1.903 0.683 1.409
Rs 2.896 0.772 3.933 0.801 0.277 -0.692
Trmean 24.087 15.4 335 3.752 0.156 0.012
. Trmin 19.333 12.2 26.4 3.172 0.164 0.17
Validation
Tmax 29.451 19.5 40.5 4.09 0.139 -0.044
RH 63.914 15.875 95.875 20.568 0.322 -0.491
WS 3.721 0.875 8.125 1.392 0.374 0.821
Rs 1.843 0.352 3.06 0.741 0.402 -0.103
Trmean 14.618 -9.3 27 8.149 0.557 -0.603
I Tmin 10.057 -12.4 22.4 7.561 0.752 -0.62
Calibration
Tmax 20.421 -3.4 34.8 9.137 0.447 -0.516
RH 51.301 17 100 19.2 0.4 0.686
Meshgin WS 2.318 0.5 9.1 1.254 0.541 2.462
Shahr Rs 2.201 0.267 2.967 0.629 0.286 -1.095
Trmean 20.055 10.3 27.6 3.434 0.171 -0.032
. Tmin 15.183 9.2 21.8 2.795 0.184 0.466
Validation
Tmax 26.475 12.2 35.6 4.388 0.166 -0.58
RH 54.289 18 95 14.447 0.3 0.125
WS 1.893 0.6 3.1 0.497 0.262 -0.219
Rs 2.128 0 3.405 0.854 0.401 -0.426
Tmean 13.318 -13.7 26.5 8.105 0.609 -0.759
L Tmin 6.114 -25.5 16.9 6.949 1.136 -1.035
Calibration
Tmax 21.082 -7.1 37.8 9.725 0.461 -0.587
RH 57.03 21 94.625 16.312 0.286 0.331
Nir WS 4,254 0.625 11.875 2.112 0.497 1.143
Rs 2.627 0.399 3.453 0.577 0.219 -1.353
Tmean 18.851 8.6 27 3.581 0.19 0.176
. Tmin 11.316 5.1 19.9 3.166 0.28 0.428
Validation
Tmax 27.581 14.2 38.4 5.004 0.181 -0.263
RH 61.305 21.857 97.75 16.039 0.262 -0.172
WS 3.202 1.857 5.375 0.795 0.248 0.289
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Table 5 Statistical parameters of different RF and GA-RF models in the studied stations

. . RF GA-RF
Station  Scenario cc RMSE  KGE cc RMSE  KGE
| 0463 0732 0343 0698 0589 0426

I 0732 0543 0596 0772 0523 0544

i 0667 0616 0614 0705 0.58 0.586

cerm v 0757 0527 0571 0775 0511 0592
Y, 0758 0534 0656 0772 0.52 0.651

Vi 0.77 0522 0654 0794 0505 0673

Vi 0752 0536 0629 0776 0512 0632

Vil 0.76 0527 0639 0786 0507 0614

| 0.418 0.59 0276 0631 0505 0328

I 0754 0459 0515 0809 0418 0513

i 0695 0487 0396 0755 0454 0425

Meshgin v 0765 0451 048 0804 0434 0454
Shahr v 0805 0423 0526 0846 039 0507
Vi 0813 0417 0529 0847 039 0505

Vi 0808 0422 0518 0827 0.41 0.496

Vil 0.811 0.43 0497 0839 0413 0468

| 0.36 0569 0292 0593 0466 0.34

I 0699 0414 0614 0769 0371 0631

i 0698 0412 0607 0747 0385 0579

i IV 0672 0427 0485 0752 0389 0533
Y, 0778 0363 0693 0801 0346 0687

VI 0774 0373 0708 0785 0.36 0.666

VI 0749 0383 0584 0787 0363 0593

Vil 0747 0387 0581 0776 0372 0577
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