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issues in the field of hydrology. In this study, for the first time, the long-
term rainfall in Babolsar city during a 68 years period from 1951 to 2019
was predicted by using an optimized hybrid artificial intelligence (Al)
technique. To end this, the gene expression programming (GEP) model
was combined with the wavelet transform. To training the Al models, 70%
of the observed values were utilized and 30% of these values were used
to testing those models. Additionally, the autocorrelation function (ACF)
was applied to identify the most influential lags and then six GEP models
were developed by means of these detected lags. The number of optimized
genes was selected to be four. In addition, the Multiplication function was
introduced as the best linking function of the GEP model. The superior
GEP model was introduced through a sensitivity analysis that the
correlation coefficient (R) and scatter index (SI) for this model were
calculated to be 0.571 and 0.792, respectively. The (t-1), (t-2), (t-12), and
(t-36) time series lags were introduced as the most effective input lags.
The coif was detected as the best mother wavelet to simulate the target
function. The hybrid WGEP model simulated the values of rainfall with
acceptable accuracy. In the other words, the wavelet transform enhanced
the performance of the GEP model significantly. For instance, the value
of variance accounted for (VAF) for the GEP and WGEP models were
respectively computed to be 31.710 and 82.064

1. Introduction

Rainfall is a major component of the water cycle, and also is responsible for precipitation of fresh water
on the Earth. Estimation and simulation of precipitation is considered as one of the most issues in the

field of hydrology.

2. Materials and Methods
In this study, for the first time, the long-term rainfall in Babolsar city during a 68 years period from
1951 to 2019 was predicted by using an optimized hybrid artificial intelligence (Al) technique. It is
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worth mentioning that Babolsar is located on the southern coast of the Caspian Sea. Since the Babol
river passes through the city, both the bank of the river and the beach of the sea. Babolsar has a
Mediterranean climate with hot, steamy, but mostly dry summers and cool winters. Rainfall may occur
at any time of the year but is heaviest in autumn and winter. Babolsar is leased on average 884.6 mm
of rainfall per year, or 73.7 mm per month. The driest weather is in May when an average of 19.3 mm
of rainfall occurs, whereas the wettest weather is in October as an average of 163.2 mm of rainfall
happens. To end this, the gene expression programming (GEP) model was combined with the wavelet
transform. The GEP is an evolutionary algorithm that produces computer programs or models. These
computer programs are complex tree structures that learn and adapt by changing their sizes, shapes, and
composition, much like a living organism. And like living organisms, the computer programs of GEP
are also encoded in simple linear chromosomes of fixed length. Thus, GEP is a genotype—phenotype
system, benefiting from a simple genome to keep and transmit the genetic information and a complex
phenotype to explore the environment and adapt to it (Ferreira 2001). Moreover, in mathematics
terminology, a wavelet series is a representation of a square-integrable (real- or complex-valued)
function by a certain orthonormal series generated by a wavelet. This article provides a formal,
mathematical definition of an orthonormal wavelet and of the integral wavelet transform. A time series
is a series of data points indexed (or listed or graphed) in time order (Wang and Ding. 2003). Most
commonly, a time series is a sequence taken at successive equally spaced points in time. Thus, it is a
sequence of discrete-time data. To training the Al models, 70% of the observed values were utilized
and 30% of these values were used to testing those models. Additionally, the autocorrelation function
(ACF) was applied to identify the most influential lags. The autocorrelation function (ACF) defines
how data points in a time series are related, on average, to the preceding data points. In other words, it
measures the self-similarity of the signal over different delay times. In the next step, six GEP models
were developed by means of these detected lags.

3. Results
The number of optimized genes was selected to be four. In addition, the Multiplication function was

introduced as the best linking function of the GEP model. The superior GEP model was introduced
through a sensitivity analysis that the correlation coefficient (R) and scatter index (SI) for this model
were calculated to be 0.571 and 0.792, respectively. The (t-1), (t-2), (t-12), and (t-36) time series lags
were introduced as the most effective input lags. The coif was detected as the best mother wavelet to
simulate the target function.

4.  Discussion and Conclusion

The hybrid WGEP model simulated the values of rainfall with acceptable accuracy. In the other words,
the wavelet transform enhanced the performance of the GEP model significantly. For instance, the value
of variance accounted for (VAF) for the GEP and WGEP models were respectively computed to be
31.710 and 82.064.
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Estimation of Long-Term Rainfall in Babolsar City by Using the
Optimized Gene Expression Programming

Yosef Esmaeli', Ahmad Rajabi", Fariborz Yosefvand", Saeid Shabanlou*

Abstract

Estimation and simulation of precipitation is considered as one of the most issues in the field of
hydrology. In this study, for the first time, the long-term rainfall in Babolsar city during a 68 years
period from 1951 to 2019 was predicted by using an optimized hybrid artificial intelligence (Al)
technique. To end this, the gene expression programming (GEP) model was combined with the
wavelet transform. To training the Al models, 70% of the observed values were utilized and 30%
of these values were used to testing those models. Additionally, the autocorrelation function
(ACF) was applied to identify the most influential lags and then six GEP models were developed
by means of these detected lags. The number of optimized genes was selected to be four. In
addition, the Multiplication function was introduced as the best linking function of the GEP
model. The superior GEP model was introduced through a sensitivity analysis that the correlation
coefficient (R) and scatter index (SI) for this model were calculated to be 0.571 and 0.792,
respectively. The (t-1), (t-2), (t-12), and (t-36) time series lags were introduced as the most
effective input lags. The coif was detected as the best mother wavelet to simulate the target
function. The hybrid WGEP model simulated the values of rainfall with acceptable accuracy. In
the other words, the wavelet transform enhanced the performance of the GEP model significantly.
For instance, the value of variance accounted for (VAF) for the GEP and WGEP models were
respectively computed to be 31.710 and 82.064

Keywords: Rainfall of Babolsar city, Time series, Gene expression programming, Wavelet
transform, modeling
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