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Application of Hybrid Least Square Support Vector Machine-Whale
Optimization Algorithm (LSSVM-WOA) for Downscaling and Prediction
of Precipitation under Climate Change (Case Study: Karun3 Basin)

Mehdi. Valikhan Anaraki!, saeed. Farzin?, Seyyed. Farhad. Mousavi?, Hojat. Karami*
Abstract

In the present study, precipitation in six stations of Karun3 basin is downscaled by using the hybrid of
least squares support vector machine and whale optimization algorithm (LSSVM-WOA), K nearest
neighbor (KNN), and artificial neural network (ANN). For downscaling precipitation, first, the days of
year are classified into wet and dry days by using MARS and M5 algorithms. Then, the amount of
precipitation for wet days is estimated by using each of LSSVM-WOA, KNN and ANN methods.
Based on the findings, MARS algorithm is superior over M5 algorithm. Based on the mean
precipitation in the six stations, ANN is a little bit better than LSSVM-WOA (0.5 percent more
accurate). While, by regarding the mean of standard deviations, the Nash-Sutcliff for Ann is up to 5.04
percent more accurate than LSSVM-WOA.. Eventually, the amount of precipitation is predicted based
on the CanESM2 model under RCP2.6, RCP4.5 and RCP8.5 scenarios for 2020-2040 and 2070-2100
periods. Based on the results of applying LSSVM-WOA, the precipitation in each three scenarios is
decreased compared to the base period. Maximum decrease of precipitation (18%) is calculated by
RCP8.5 for 2070-2100 period. Minimum decrease of precipitation (1%) is related to RCP2.6 scenario
for 2020-2040 future period. But, the precipitation variation amount that is predicted by ANN is
between -43 and 72 percent. Therefore, the results of LSSVM-WOA are more reliable and less
uncertain.
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Introduction: In recent decades, due to different factors such as human activities, growth of
population, and emission of greenhouse gases, most regions of the world have experienced an average
annual temperature rise of at least 2 °C. Also, other hydrological parameters such as precipitation,
cloud cover, and reference evapotranspiration have significantly changed (Ashofteh et al., 2012). This
phenomenon is surely called climate change. One of the methods for investigating the mentioned
phenomenon is simulation of large-scale global circulation models (GCMs). However, these data are
not available at local scale. Hence, there is a need for a tool to downscale these variables (Abkar et al.,
2014). Among different downscaling methods, regression methods for less computation cost and
computation time have more popularity between researchers (Chen et al., 2010). In recent years,
machine learning such as regression downscaling methods have successfully been applied in
downscaling hydrological parameters such as precipitation and temperature. Devak et al. (2016)
employed hybrid of support vector machine and K nearest neighbor for downscaling precipitation,
which led to more accuracy in downscaling precipitation. In a study by Kundu et al. (2017), least
square support vector machine was used for downscaling precipitation, temperature and reference
evapotranspiration. Results showed that good application of least square support vector machine was
confirmed. In a study by Nourani et al. (2018), different methods such least square support vector
machine, artificial neural networks and multiple linear regression were used for downscaling
precipitation. In this study, the least square support vector machine and artificial neural networks were
placed in first and second rank. Also, hybrid of least square support vector machine and optimization
algorithms have good application in different fields. Whale optimization algorithm (Mirjalili and
Lewis (2016) is one of the powerful optimization algorithms that has better application than other
optimization algorithms such as particle swarm optimization algorithm. Du et al. (2018) used hybrid
of whale optimization algorithm and least square support vector machine for prediction of electrical
energy. Results showed better accuracy of the mentioned method than general regression neural
network and artificial neural network with back propagation network.

Methodology: In the present study, precipitation in six stations of Karun3 basin is downscaled by
using the hybrid of least squares support vector machine and whale optimization algorithm (LSSVM-
WOA), K nearest neighbor (KNN), and artificial neural network (ANN). For downscaling
precipitation, first, the days of year are classified into wet and dry days by using MARS and M5
algorithms. Then, the amount of precipitation for wet days is estimated by using each of LSSVM-
WOA, KNN and ANN methods. To train these algorithms, in addition to precipitation data, the
twenty-four large scale predictors of NCEP are used. Thus, for investigation of climate change impact
on precipitation in Karun3 basin, the output of CanESM2 model under three scenarios, including
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RCP2.6, RCP4.5 and RCP8.5, are employed. In this regard, the 1972-2000 is considered as the
observation period, 2020-2040 is considered as the near future period, and 2070-2100 is considered as
the far future period. It worth mentioning that the Pearson correlation coefficient (R), relative root
mean square error (RRMSE), d,, and Nash-Sutcliff criteria are employed for investigating the
accuracy of the algorithms.

Results and Conclusion: Based on the findings, MARS algorithm is superior over M5 algorithm
(47-100 percent more accurate). This better accuracy of MARS over M5 is because MARS divides the
input data into multi sets and creates a nonlinear regression for each set. This superiority of MARS
over M5 is similar to a study by Nasseri et al. (2013). Based on the mean precipitation in the six
stations, ANN is a little bit better than LSSVM-WOA (0.5 percent more accurate). While, by
regarding the mean of standard deviations, the Nash-Sutcliff for Ann is up to 5.04 percent more
accurate than LSSVM-WOA. Eventually, the amount of precipitation is predicted based on the
CanESM2 model under RCP2.6, RCP4.5 and RCP8.5 scenarios for 2020-2040 and 2070-2100
periods. Based on the results of applying LSSVM-WOA, the precipitation in each three scenarios is
decreased compared to the base period. Maximum decrease of precipitation (18%) is calculated by
RCP8.5 for 2070-2100 period. Minimum decrease of precipitation (1%) is related to RCP2.6 scenario
for 2020-2040 future period. But, the precipitation variation amount that is predicted by ANN is
between -43 and 72 percent. Therefore, the results of LSSVM-WOA are more reliable and less
uncertain. Thus, the decreasing of precipitation in east-south of Karun3 basin is more than other parts
of this station. Hence, it is needed to manage the water resources more properly and combat the
climate change effects.
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