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a b s t r a c t

Prior knowledge of solar radiation in situ is very important, for better management, sizing and control of
solar energy installations. In this paper, an application of a support vector machine (SVM) for the predic-
tion of daily and monthly global solar radiation on horizontal surface in Ghardaïa (Algeria) is presented.
Different combinations of measured ambient temperatures, calculated maximum sunshine duration and
calculated extraterrestrial solar radiation have been considered for one-step ahead prediction (one day or
one month). The obtained results showed a good agreement between measured and predicted global
solar radiation data. A comparative study is conducted with the developed neural networks based model
and some models published in the literature. The main advantage is that the proposed SVM based models
require few simple parameters to get good accuracy.

� 2016 Elsevier Ltd. All rights reserved.

1. Introduction

As reported in [1], about 40 GW of solar PV capacity were
installed in 2014. Due to the fast growth of photovoltaic (PV)
installation, there is an increasing requirement for more exact
and applicable modeling, prediction and forecasting of solar radia-
tion. However, the complexity of the daily behavior of solar radia-
tion in terms of variability and non-stationary as well as its
random characteristic, leads to consider more sophistical modeling
and prediction techniques, of this meteorological phenomenon,
that remains essentially typical in a given region.

Today, the challenge is to develop models that achieve good
performances and reduce significantly the errors rate of prediction
in different time scales (hourly, daily and monthly), which is an
important issue for solar energy applications (Photovoltaic, ther-
mal, etc).

As example, in Algeria the potential of renewable energy is
strongly dominated by solar energy source with applications
(photovoltaic or thermal) that are very favorable in southern Alge-
rian regions, and therefore, the availability of the measured solar
radiation is required to design, size and analyze the performances
of such systems [2].

Modeling and forecasting of solar radiation was investigated in
different ways, using empirical models, stochastic process (AR,
ARMA, ARIMA and SARIMA) and artificial intelligence techniques
(neural networks, fuzzy logic, genetic algorithm, etc.) [3]. The most
investigated technique is the application of artificial neural net-
works (ANNs) [4–7]. However, recent studies have demonstrated
that Support Vector Machine (SVM) performs better than tradi-
tional ANNs in dealing with classification and regression problems
due to its good generalization ability [8,9].

Among these works, in [10] the authors presented an applica-
tion of SVM to estimate the daily global solar radiation (DGSR) in
China, different combination in input attributes based on sunshine
duration and five empirical sunshine-based models have been
used. As results, the SVMmodels outperform the empirical models.
In [11] the authors developed a SVM model to estimate the
monthly global solar radiation (MGSR) using seven combinations
of air temperatures (Tmax and Tmin), including linear, polynomial
and radial basic function as kernel functions. They find that SVM
model with polynomial kernel and Tmax, Tmin in inputs gives good
results. A least-square support vector machine (LS-SVM) based
model for short-term solar power prediction (One-hour-ahead) in
Denver-USA is proposed in [12], the input of the model includes
atmospheric transmissivity in a novel two-dimensional form, sky
cover, relative humidity (RH), and wind speed (WS). The output
of the model is the predicted atmospheric transmissivity, which
is then converted to solar power according to the latitude of the
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site and the time of the day. A LS-SVM based intelligent model to
predict the next day’s solar insolation in Turkey location with
99.294% accuracy was developed in [13]. The model has five
inputs: the number of the day from 1st January (D), daily mean
temperature (DTmean), daily maximum temperature (DTmax), daily
sunshine duration (S), and DGSR of the day before.

Recently, in [14], the authors developed a hybrid approach by
combining the SVM with Wavelet Transform (WT) algorithm for
the prediction of daily and monthly horizontal global solar radia-
tion in Iran. The different inputs are; relative sunshine duration
ð S
S0
Þ, difference between maximum and minimum ambient temper-

atures (Tmax � Tmin), relative humidity (RH), water vapor pressure
(VP), average ambient temperature (Tmean) and extraterrestrial glo-
bal solar radiation on a horizontal surface (H0). In [15] the authors
developed SVM models to estimate horizontal global solar radia-
tion in Iran based on two input elements of sunshine hours (S)
and maximum possible sunshine hours (S0) with polynomial and
radial basic function as kernel and compared them with the con-
ventional sunshine duration-based empirical models. In [16]
authors present a support vector regression (SVR) model, with
polynomial and radial basis function (RBF) as the kernel function,
for prediction global solar radiation (GSR). Different meteorological
data obtained from the only station in the studied region (Iran)
were selected as the inputs of the model like; maximum and min-
imum temperature, the actual duration of sunshine (S), maximum
possible duration of sunshine (S0), number of days, clear-sky solar
radiation (Rso) and extraterrestrial solar radiation (H0). In [17] the
authors evaluated the transferability of SVM to estimate global
solar radiation from air temperature in subtropical zone in China
and suggest that solar radiation at one site could be well estimated
by SVM model developed at another site. The accuracy of estima-
tion is affected by the distance and temperature difference
between two sites, and altitude of source site. In [18] the authors
described a methodology based on SVM combined with feature
selection and genetic algorithms (GAs) that was applied at 14
meteorological stations in Spain, under different climates and on
diverse terrain, in order to generate models of DGSR with a high
capacity for generalization and selection of only those non
co-correlated variables.

The aim of this work is to apply a SVM approach for one step-
ahead prediction of horizontal DGSR and MGSR in an arid climate
(Ghardaïa), by using simple and available parameters in situ, such
as measured ambient temperatures, calculated sunshine duration
and extraterrestrial solar radiation. Ghardaïa is considered as an

experimental platform for solar energy applications, which is a
favorable region for the implementation of photovoltaic and ther-
mal installations due to its important solar energy potential. Thus,
prior knowledge of solar radiation in situ is very important, for bet-
ter management, sizing and control of solar energy installations,
particularly in this site where solar radiation models are not well
investigated.

This paper is organized as follows: Site and database description
are reported in Section 2. Brief theory of support vector machines is
presented in Section 3. In Section 4, we explain the methodology
and showing the developed SVM models for the prediction of hor-
izontal DGSR and MGSR. The obtained results are discussed and
analyzed in Section 5. A comparative study with developed ANN
based models for this region and other published models, is pre-
sented in Section 6. Finally, some concluding remarks and future
perspectives are given in Section 7.

2. Site and dataset

2.1. Site

Fig. 1 shows the location of the site under consideration (situ-
ated in the south of Algeria, about 25 km from Ghardaïa city with
latitude = +32.37�, longitude = +3.77� and altitude = 450 m). This
region is characterized by an arid climate, during the period from
May to October, daily average temperatures are ranging from
25 �C up to 40.8 �C. While, during the period from November to
March, the average daily temperatures are lower than 19 �C, with
a minimum registered in December, January and February (5 �C
during the day).

The measured data used in this study are recorded at the
Research Unit for Renewable Energy Applications (RUREA), located
at the same site. The data are recorded every 1 h with a high pre-
cision by a radiometric station installed at the rooftop of the
RUREA, as shown in Fig. 2.

2.2. Dataset

The used meteorological dataset consists of daily measured
maximum, minimum, mean, maximum-minimum temperatures
(�C) (see Fig. 3a) and horizontal daily global solar radiation
(Wh/m2/day) (see Fig. 3b).

Fig. 3b presents the variation of horizontal daily solar radiation
along three years (2012, 2013 and 2014). It can be observed that

Nomenclature

Alt altitude (m)
ANN artificial neural network
ANFIS adaptive Neuro fuzzy inference system
BNN Bayesian neural network
D daily or the number of the day of the year, starting from

first January (1–365)
H0 extraterrestrial global solar radiation (Wh/m2/day)
Kt clearness index
L location
Lat latitude (�)
Lon longitude (�)
LLR local linear regression
M monthly mean daily
MLP multi-layer perceptron
P precipitation (mm)
r correlation coefficient
R2 determination coefficient

RBF radial basis function network
RH relative humidity (%)
RNN recurrent neural network
S sunshine duration (h)
S0 potential sunshine duration (h)
SKT skin temperature (surface temperature)
SR0 clear-sky solar radiation (Wh/m2/day)
Tmean mean air temperature (�C)
Tmin minimum air temperature (�C)
Tmax maximum air temperature (�C)
Tdiff maximum–minimum air temperature (�C)
TCC total cloud cover
TCO total column of ozone
TCW total column of water vapor
VP vapor pressure (bar)
WS wind speed (m/s)
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