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a b s t r a c t

Prediction of climatic variables, in particular those related to wind and solar radiation, has developed
a huge interest in recent years, mainly due to its applications to renewable energy. In many cases there is
a large number of factors that influence the climatic variable of interest, and the researcher chooses the
most relevant ones (based on previous knowledge of the region, availability, etc.) and runs a series of
experiments combining the available data in order to find the combination that provides the best
prediction.

In this work we present two applications of Niching Genetic Algorithms to solve the problem of
selection of variables for the estimation of Solar Radiation. On one hand, this methodology is able to
estimate a given climatic variable using databases with missing data, since the algorithm can compensate
it by the use of others. On the other hand, we present a methodology that allows us to select the relevant
input variables for a given climatic variable estimation or prediction problem, in a systematic way, using
the same Genetic Algorithm with different parameters.

Both methods were tested in the estimation of daily Global Solar Radiation in El Colmenar (Tucumán,
Argentina), using linear regression on data from 14 weather stations spread along the north of Argentina.
The results obtained show that the methodology is appropriate, providing an RMSE ¼ 2.36 [MJ/m2] and
R ¼ 0.926 using an average of 64 out of 329 initial variables, on a 70 individuals/85 generations
combination. For a 200 individuals/150 generations combination it obtained an RMSE ¼ 2.34 [MJ/m2] and
R ¼ 0.928 using an average of 54 variables.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Prediction of climatic variables, in particular those related to
wind and solar radiation, has developed a huge interest in recent
years, mainly due to its applications to renewable energy. Solar
radiation is one of the climatic variables whose lack of data is quite
generalized. Worldwide, about one in 500 weather stations make
measurements of incident solar radiation Raichijk et al. [1]. Solar
radiation affects the growth of crops and it is used in numerical
models to estimate soil moisture, photosynthesis and potential
evapotranspiration (Ball et al. [2]). There are many agricultural

regions of Argentina lacking data on radiation and, they need to be
estimated (Al-Alawi and Al-Hinai [3]).

Empirical models (Noia et al. [4] and Tovar and Baldasano [5]),
statistical approaches coming from time-series analysis (Ji et al.
[6]), linear regression (Lin and Gao [7], Ji et al. [6], Bocco et al. [8]),
and neural networks (Al-Alawi and Al-Hinai [3], Mohandes et al.
[9], Kalogirou et al. [10], Bocco et al. [11] and Rehman and
Mohandes [12]) are some of the main tools that have been applied
to estimate and predict the solar radiation that reaches the earth’s
surface. Studies report that linear regression has better perfor-
mance than statistical models (Ji et al. [6]), and neural network
outperforms linear regression (Bocco et al. [11], Bocco et al. [8]), but
it takes a longer processing time. These methods have also been
used to predict other weather phenomena (Brahm and Varas [13],
Bilgili et al. [14], Kusiak and Li [15]).

In all the mentioned works, the selection of the models and the
variables that are used for the prediction, is an analysis of combi-
nations among climatic variables, based on a list of possibilities
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proposed by the researcher. Linear correlation is sometimes used
(Al-Alawi and Al-Hinai [3], Kusiak and Li [15]), even though the
relation among the variables might not be linear, as in Neural
Networks. It is also reported that the quality of the estimates largely
depends on the degree of correlation between the weather stations
used. Moreover, the number of variables used in the model can be
increased in an attempt to improve the accuracy of the prediction.
The drawback is that it significantly increases the number of
combinations, making it harder to determine which variables have
the greatest influence on the climate variable to be estimated, and
also increasing the number of tests needed.

The objective of this work is to use a niching genetic algorithm
to determine which climatic variables and weather stations have
the greatest influence in the estimation of a climatic variable. This
allows an objective analysis of large amounts of data, as a previous
step to other analysis that, like neural networks, would be
prohibitively expensive. In our approach, all non-relevant variables
can be eliminated, and the critical variables identified, greatly
reducing the number of variables involved in a prediction or
estimation.

It is important to distinguish between the proposed method-
ology and sensitivity analysis. Sensitivity analysis studies how error
or uncertainty in the output variables can be related to error or
uncertainties in the input variables (Saltelli et al. [16], (Saltelli
[17])). Although more sophisticated methods exists, most methods
found in the literature are local or one-at-a-time (Saltelli et al. [16]),
and the technique is mainly used to determine which variable has
the greatest influence in the output (see Varmuza and Filzmoser
[18] and Vázquez Piqué et al. [19]). The proposed methodology is
oriented to provide different combinations of the input variables
that will obtain the prediction with the least possible error. The

objective in this case is to identify the variables with the greatest
influence in the model, and to allow the use of the prediction
methodology when some of the variables are missing.

We apply the methodology to the case of using Linear Regres-
sion to estimate Global Solar Radiation for El Colmenar, Tucumán,
Argentina, on the basis of data from 13 other weather stations
spread along the North of Argentina.

2. Material and methods

2.1. Data collection

Data from 14 different weather stations were used in this work,
corresponding to locations in the Northwest of Argentina, and from
El Colmenar (province of Tucumán, Argentina). The data from the
13 stations were provided by the Centro de Informaciones Mete-
orológicas (S.M.N.), containing the following variables: day of year,
daily average temperature ½+C�, air humidity [%], atmospheric
pressure [mbar], cloudiness [x/8], and sunshine hours [%]. The data
from El Colmenar were provided by Estación Experimental Agro-
industrial Obispo Colombres, and the corresponding database
contains: daily minimum and maximum temperature ½+C�,
sunshine hours [%], and global solar radiation ½MJ=m2�). Both
databases correspond to the period 01/01/2000e12/31/2005. See
Fig. 1 and Table 1.

Despite the fact that these are well maintained stations, some of
them showed lack of isolated data in some variables. This is due to
the accidental interruption of the normal data acquisition process.
This situation is to be expected inweather stations, and they tend to
be fixed within a few days. In our case, less than 1% of the data was
missing, in different variables and bases. Those data were filled up

Fig. 1. Meteoroligical stations in NW Argentina.
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