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Findings: The results of this study showed that the use of the wavelet
method in combination with SVR and GPR computational intelligence
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Extended Abstract

Introduction

Drought is one of the natural disasters that
can cause great damage to various sectors of
agriculture and other economic and social
activities of the human system. Drought
occurs mainly due to extreme climate
change, wusually triggered by human
influences. Drought occurs naturally in
almost any climate as a result of reduced
rainfall from normal for long periods.
Drought indices are an effective tool for
monitoring and evaluating drought. Many
indicators have been developed to identify
and quantify drought events based on
different types of variables. The
standardized precipitation index (SPI) is one
of the most wuseful indicators for
meteorological drought analysis since most
drought monitoring indices require a
number of parameters other than rainfall.
So, the SPI index can be as one of the most
widely used drought indices extracted from
rainfall data. Today, the most common
methods used to assess and predict drought
are data-based (data-driven) methods and
the use of computational intelligence
algorithms. The drought index used in this
study is the standardized precipitation index
(SPD). In this study, using two GPR and SVR
algorithms in combination with wavelet in
10 synoptic stations (Abadan, Babolsar,
Bandar Abbas, Kerman, Mashhad, Rasht,
Saqez, Tehran, Tabriz, and Zahedan) in
different climates in Iran. The model
Drought construction and forecasting has
been done using SPI drought index in time
scales of 3, 6,12, 18, 24 and 48 months.

Materials and Methods

In this study, using monthly precipitation
data between 1961 and 2017, the SPI
drought index was implemented in 3, 6, 12,
18, 24, and 48-month time scales through
programming in MATLAB  software
environment. The results of this step were
validated using the available scientific
software MDM and Drinc. Then, prediction
models were designed using Markov chain.
In this research, a total of four computational
intelligence models, including two single
support vector regression (SVR) models,

Gaussian process regression (GPR), and two
hybrids wavelet models with these two
models (WSVR-WGPR) for modeling and
predicting SPI index. It has been used in 10
stations of this research. In the
implementation of all four models, the
MATLAB software programming
environment has been used. In this study,
four types of discrete wavelets were used,
including Daubechies, Symlets, Coiflets, and
Biorthogonal. Due to the better performance
of the Daubechies wavelet, this type of
wavelet was used as the final option in the
research. In the Daubechies wavelet used
between levels 1 to 45, level 3 showed the
best performance among different SPI time
scales; therefore, Daubechies level 3 wavelet
was used in all hybrid models of this study.
After training all four algorithms used, the
results with the evaluation criteria of
coefficient of determination (R?) and the
square root of error (RMSE) were used to
measure the difference between actual and
estimated values.

Findings and Discussion

The results of this study showed that
computational intelligence methods have
high accuracy in modeling and predicting SPI
drought index. In the first stage, the results
showed that the individual SVR and GPR
models, if properly trained, have close
results in modeling and predicting the SPI
drought index. In the next step, it was
observed that the wavelet technique would
improve the modeling results. In using the
wavelet technique in combination with two
single models SVR and GPR, the choice of
wavelet type is also effective in better
modeling, so that in this research, the first
four types of Daubechies, Simlet, Qoiflet and
Biorthogonal wavelets are wused in
combination with two single models of this
research. The results of these four types of
wavelets showed the relative superiority of
the Daubechies wavelet over the other three
wavelets. In using the Daubechies wavelet,
since this wavelet has 45 times and the order
of choice was also effective in modeling, it
was observed by testing the wavelet 45
times that the 3rd wavelet, in general, has
higher accuracy in all time scales of SPI
indey, i.e., 3,6,12, 18, 24 and 48 months and
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also in both SVR and GPR algorithms.
Therefore, in this research, the third-order
Daubechies wavelet was used in both
algorithms of this research and also in all
time scales. The results showed that the
combination of wavelet techniques with
both SVR and GPR models would improve
the results. Distribution diagrams of SPI data
related to Babolsar station showed that the
modeling results for single and hybrid mode
in 3 and 6-month time scales are less
accurate than other time scales, and the
fitting line separation, as well as its
uncertainty, is higher. However, in all the
models used in the research and in all time
scales, the hybrid method has shown more
accuracy. The numerical results of the study
indicate that in all SPIs and stations under
study, the differential values of R2 are
positive, which indicates higher values of R2
in the hybrid model than in the individual
modeling, which in some way indicates the
improvement of hybrid modeling compared
to the individual models. Also, the
differential values of RMSE are negative in
all studied models and stations, which
indicates that the amount of RMSE in
predicting hybrid models is lower than
single models. In the research graphs, it can
be seen that the differences in RMSE and R2
indicates a greater difference in time scales
3 and 6 than the time scales 12, 18, 24, and
48, which somehow goes back to the nature
of the data of these time scales. The greatest
improvement in R2 and RMSE is from the 3-
month low to the 48-month high,
respectively.

Conclusion

From the findings of this study, it can be
concluded that artificial neural network
algorithms are efficient methods in
modeling and predicting the SPI drought
index. The use of wavelets in both models of
computational intelligence algorithm (SVR
and GPR) will also improve the results. It can
also be concluded that for better modeling of
the SPI drought index, it is necessary to
select the optimal wavelet type and order.
From the results of this study, it can be
concluded that the wavelet technique has a

greater effect on the lower time scales, i.e., 3
and 6 months, than the higher scales, i.e., 24
and 48 months.
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