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Fig. 11. Observation of SPI datain Abadan station. Scatter plot of single and hybrid MLP model. Horizontal axisis
observed SPI and the vertical axesis predicted values of SPI by using single model (blue point and regression line),
hybrid model (red point and regression line). The 45° ideal line regression is drawn in green.
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Abstract

Background and Objective A drought crisisis a dry
period of climate that can occur anywhere globally
and with any climate. Although this crisis starts
dowly, it can have a serious impact on health,
agricultural products, the economy, energy, and the
environment for a long time to come. Drought
severely threatens human livelihood and health and
increases the risk of various diseases. Therefore,
modeling and predicting drought is one of the most
important and serious issues in the scientific
community. In the past, mathematical and statistical
models such as simple regression, Auto-regression
(AR), moving average (MA), and ARIMA were used
to model the drought. In recent years, machine
learning methods and computationa intelligence to
model and predict drought have been of great interest
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to scientists. Computational intelligence algorithms
that have been previously considered by scientists to
model drought include multilayer perceptron neural
network, RBF neura network, support vector
machine, fuzzy, and ANFIS methods. In this research,
the purpose of modeling and predicting drought is by
using three neural network agorithms, including
multilayer perceptron, RBF neura network, and
generalized regression neural. The drought index used
in this research is the standardized precipitation index
(SPI). In this research, the wavelet technique in
combination with artificial neural network algorithms
for modeling and predicting drought in 10 synoptic
stations in Iran (Abadan, Babolsar, Bandar Abbas,
Kerman, Mashhad, Rasht, Sagez, Tehran, Tabriz, and
Zahedan) have been used in different climates and
with suitable spatial distribution throughout Iran.

Materials and Methods This study, initiadly using
monthly precipitation data between 1961 and 2017,
SPI drought index in time scales of 3, 6, 12, 18, 24,
and 48 months through programming in soft
environment MATLAB software implemented. The
results of this step were validated using the available
scientific software MDM and Drinc. Then, prediction
models were designed using the Markov chain. In this
study, atotal of six computational intelligence models,
including three single models of multilayer perceptron
neural network (MLP), radial basis function neural
network (RBF), and generalized regression neural
network (GRNN), and three hybrids wavelet models
with these three models (WMLP-WRBF-WGRNN)
have been used to model and predict the SPI index in
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10 stations of this research. In implementing all these
six 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 Dobbies wavelet, this type of
wavelet was used as a 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, the Daubechies level 3
wavelet was used in al hybrid models of this study.
After training al six algorithms used, the evaluation
criteria of coefficient of determination (R2) and root
mean square error (RMSE) was used to measure the
difference between actual and estimated values.

Results and Discussion The results of this study
showed that computational intelligence methods have
high accuracy in modeling and predicting the SPI
drought index. In the first stage, the results showed
that the individual MLP, RBF, and GRNN modéls, 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 three single models
MLP, RBF, and GRNN, the choice of wavelet typeis
also more effective in modeling, so in this research,
the first of the four types of discrete wavelets
Daubechies, Symlet, Qoiflet, and Biorthogonal in
combination with Three single models of this research
were used and 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 choice of order was aso effective in
modeling, it was observed by testing the wavelet 45
times that the 3rd wavelet, in general, has higher
accuracy in al time scales of SPI index, 3, 6, 12, 18,
24 and 48 months and aso in al three agorithms
MLP, RBF, and GRNN. Therefore, in this research,
the third-order Daubechies wavelet was used in all
three algorithms of this research, as well asin all time
scales. The results showed that combining the wavel et
technique with al three models MLP, RBF, and
GRNN will improve the results. The research graphs
showed that for the quarterly time scale, the values
obtained from the single model prediction in MLP and
RBF modeling have a somewhat one-month phase
difference compared to the hybrid model, while in the
GRNN model, this prediction difference is negligible.
The modeling results for both single and hybrid

modeling modes indicate that there is no phase
difference between the single and hybrid modeling
methodsin time scales of 6, 12, 18, 24, and 48. For the
12- and 24-month time scales, the single GRNN
model had more fluctuations and errors in SPI
monthly modeling and forecasting, while the hybrid
model in these two-time scales had much better
behavior in monthly modeling and forecasting.
Distribution diagrams of data related to observational
SPI of Abadan station showed that the modeling
results for single and hybrid modes in 3 and 6-month
time scales are less accurate than other time scales and
fit line separation, and its uncertainty is higher than
others. However, in all neura network models and in
al time scales, the hybrid method has shown more
accuracy. The numerical results of the study indicate
that in al SPIs and stations under study, the
differential values of R2 are positive, which indicates
higher values of R2 in the hybrid model than in single
neural network modeling, which indicates an
improvement in hybrid modeling compared to
individual models. Also, the differential values of
RMSE are negative in al studied models and stations,
which indicates that the amount of RMSE in
predicting hybrid models is lower than individual
neural network models. In the research graphs, it can
be seen that the amount of 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 most significant 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 for modeling and predicting the SPI
drought index. The use of waveletsin all three models
of artificia neural networks will aso 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 impact on the lower
time scales, i.e.,, 3 and 6 months, than the higher
scales, i.e., 24 and 48 months.

Keywords: Drought, Neura network, Standardized
precipitation index (SPI), Multilayer Perceptron neural
network (MLP), Radia base function (RBF),
Generalized Regression Neural Network (GRNN)
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