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Introduction

Groundwater resources are known as one of the most important water resources. Proper
knowledge and exploitation of groundwater, particularly in arid and semi-arid regions, plays an
important role in sustainable development in different fields such as agricultural, social, and
economic activities. Many models have been used in order to predict groundwater level including
empirical time series models and physical models (Bierkens, 1998). It is true that these models
have been widely used, but when the dynamic behavior of a hydrological system is changed
during the time, the mentioned models may not be able to predict water resource parameters,
therefore making them unsuitable (Nayak et al. 2006). On the other hand, physical models need a
great deal data to simulate groundwater fluctuations and, since the relations among effective
parameters may be nonlinear, the mentioned models are not practical enough to show the existing
relations.

Methodology

In recent years, nonlinear methods have been developed and the combination of different
techniques to develop hybrid tools has improved the accuracy of the models which are used in
different fields.

In the past years, scholarly research has been done in field of using ANN and ANFIS. Few
research has, however, been done in the field of SVM. Therefore, in addition to SVM, the
researchers in this study tried to use wavelet transform to predict groundwater levels in
Dashtestan.

Since using direct data in any model can decrease the speed and accuracy of the model,
standardization was used. Through this technique, each piece of data was converted into a
number between 0 to 1 (Riad et al. 2004). Based on Solgi’s (2014) study, the following equation
was used to normalize the data.

y =05+ (05 x (—=—)) L)

max~Xmin
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In this method, X is the original data, X is the average of the data, X, is the maximum of the
data, Xmin is the minimum of the data, and y is the standardized data. In this study, 75% of the
data was used for training and 25% for simulation.

SVM is one of the methods for supervised learning. SVM is a classifier which is known as a
part of Kernel Methods for the learning process. These types of systems are used for classifying
as well as estimating the fitting data functions in order to produce minimum errors. This method
is a relatively new one which has been more practical compared with the older models like
Perceptron neural networks. The approach in SVM is the linear classifying of data. In classifying,
the researchers try to select a line which has the highest interval confidence. Finding the optimal
line for data is done by the QO method which is a well-known method for solving problems with
restrictions. Before linear classification, the data is shifted to a high dimensional space by phi
function in order to solve data with a high complexity. In order to solve problems with huge
dimensions, Lagrange Duality Theorems is used to convert a desirable minimization issue to its
double form which uses a simple function, called core function. It presents Phi function multiply
instead of using a complex function that shifts to high dimensional space.

With regard to wavelet transform, many books and articles have been published which can be
used to understand the theory of wavelet transform. The wavelet function is a function which has
the two features of oscillation and short-time period.

. P(x( is a wavelet function if and only if its Fourier transform has the features presented in
Equation 2.

_ reOR e )
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This condition is known as the acceptance condition. The above equation can be equal to the
following equation. In other words, Equation 6 has the wavelet function condition if Equation 3
is established.

fj;o P(x)dx =0 3

This feature, whose average equals to zero, is not a very strong limitation. Based on this, many
functions can be considered as the wavelet function. W(x( is the mother wavelet function if the
size and location of the used functions are changed regarding the two mathematical functions of
Translation and Scale in the studied signals. Finally, the coefficients of the wavelet at every point
of the signal (b) and every scale (a) can be calculated through Equation 4.

W) == () @

Results and Discussion
Regarding the best structure of each used model, WSVM showed a better performance
compared with SVM because of data pre-processing; the data was classified and then entered into
the model. This can be concluded based on R? in the two steps of training and testing. Analysis of
different structures proved that the data of groundwater levels has the highest importance for
modeling. The data regarding precipitation, evaporation, and temperature were found to be the
less important data, respectively.

Conclusions
In this study, SVM and WSVM were used for predicting groundwater levels in five
observation wells, located in Dastestan Plain, Bushehr, in a monthly scale. By detecting and
using all effective parameters in SVM modeling and a hybrid SVM and WSVM, attempt was
made to arrive at a model which gives the best results under the best conditions. Comparison of
monthly simulations showed that using the wavelet transform increases the performance by 3%
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to 8% in the best condition. By detecting different combinations, it was concluded that using
temperature and evaporation as well as groundwater level and precipitation improves the results.
Based on using different kernals to reach better results, it was seen that the RBF and the linear
model have the best performance. Regarding the results, the depth of access to groundwater
increases and, regarding the water crisis in Iran, decision makers should pay more attention to
this issue in Bushehr province.
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