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Multi-Objective Optimization Groundwater Network Using Genetic
Algorithm (NSGA-I1) and Empirical Bayesian Kriging (EBK) Method
(Case Study: Silakhor plain)

Mehdi Komasi!, Hesam Goudarzi?

Abstract

Groundwater resource management depended on data obtained from the aquifer. Groundwater
monitoring network can provide groundwater levels, but sometimes this information so much and not
useful. This study develops a new multi-objective simulation-optimization model involving two
objectives: minimization of the total sampling cost for monitoring and maximization the spatially
monitoring accuracy. Optimal design of groundwater network was considered in the Silakhor plain,
regions of Lorestan, Iran. As the first step, a database includes of groundwater elevation in potential
wells with use empirical Bayesian kriging (EBK) method in ArcGIS was produced. Inverse distance
weighting (IDW) method used as simulation model and objective functions written in MATLAB
software. Optimal groundwater monitoring network determines with preset conventions and finds by
the non-dominated sorting genetic algorithm (NSGA-II). At final, a network with twelve observation
stations that shown root mean square error (RMSE) value 0.605 meter. The optimal monitoring
network, in comparison with the existing observation network, has been able to reduce the number of
monitoring stations by 60%, improve the spatial distribution of stations, and predict appropriate
zoning for unpredictable points.

Keywords: Monitoring network, Multi-objective optimization, Genetic algorithm, Empirical
Bayesian kriging, Silakhor plain.
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Multi-Objective Optimization Groundwater Network Using Genetic
Algorithm (NSGA-I1) and Empirical Bayesian Kriging (EBK) Method
(Case Study: Silakhor plain)

Mehdi Komasi!, Hesam Goudarzi?

Abstract

Introduction

Groundwater resource management depended on data obtained from the aquifer. Monitoring is a
process with a scientific and dynamic design that is based on observation, measurement, sampling,
evaluation and recording of information. Groundwater monitoring network optimization is the
decision-making process for having the best combination among existing stations. Studying, designing
and implementing any long-term monitoring network without considering the optimization process
will increase the monitoring costs. Groundwater monitoring network can provide groundwater levels,
but sometimes this information so much and not useful.

Methodology

The main purpose of this study is to provide a method for optimal design of groundwater
monitoring network in a reliable and efficient way from all points of the aquifer potential. This study
develops a new multi-objective simulation-optimization model involving two objectives: minimization
of the total sampling cost for monitoring and maximization the spatially monitoring accuracy. Optimal
design of groundwater network was considered in the Silakhor plain, regions of Lorestan, Iran. As the
first step, a database includes of groundwater elevation in potential wells with use empirical Bayesian
kriging (EBK) method in ArcGIS was produced. Inverse distance weighting (IDW) method used as
simulation model and objective functions written in MATLAB software. Optimal groundwater
monitoring network determines with preset conventions and finds by the non-dominated sorting
genetic algorithm (NSGA-II). The NSGA-II algorithm is one of the most common elite multi-
objective optimization algorithms, which is an improved version of the NSGA. The NSGA-II
algorithm is derived from the GA algorithm, with the difference that the algorithm is in the category
of multi-objective optimization algorithms and pursues several objectives simultaneously in the
optimization problem. Also, its two main features are elitism and crowding distance. The trend of
elitism in NSGA-II is that after the initial population is created, the population is organized on the
basis of generational superiority on multiple fronts. The optimal model uses the Inverse Distance
Weighting (IDW) interpolation method to generate the groundwater level and then compares it with
the values of the observational data. In order to evaluate and validate the interpolated data, the three
criteria of root mean square error (RMSE), root mean square standard error (RMSSE) and correlation
coefficient (CC) were used.

Results and Discussion

In this study, monthly water level data in Silakhor plain obtained from twenty-nine observation
wells in the period 1376-1397 were used to prepare the database. Twenty-nine observational well data
were loaded into ArcGIS software environment and interpolated in the study area using experimental
benzene kriging (EBK) method. This method has been used with four semi-variable models K-Bessel
Detrended, K-Bessel, Exponential Detrended and Whittle Detrended. Solving the multi-objective
optimization problem in monitoring network design was coded by the second version of the genetic
algorithm (NSGA-II) in Matlab program. The genetic algorithm parameters include number of
iterations, initial population, mating probability and mutation probability, which are 200, 1000, 0.7

! Associated Professor, Department of Civil Engineering, University of Ayatollah Ozma Borujerdi, Borujerdi, Iran.
Komasi@abru.ac.ir

2 M.Sc. Student of Civil Engineering — Water Engineering and Hydraulic Structures, University of Ayatollah Ozma
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and 0.2 were assumed respectively. At final, a network with twelve observation stations that shown
root mean square error (RMSE) value 0.605 meter. The optimal monitoring network, in comparison
with the existing observation network, has been able to reduce the number of monitoring stations by
60%, improve the spatial distribution of stations, and predict appropriate zoning for unpredictable
points. Redesign of the groundwater monitoring network in Silakhor plain has been able to improve
the spatial distribution of observation wells. Also, increasing the number of monitoring stations has
increased the accuracy of aquifer zoning in areas without groundwater level statistics. On the other
hand, the new network can provide a good ground for groundwater resources management, spatial-
temporal modeling of the aquifer, followed by the study and forecast of groundwater flow and the risk
of subsidence.

Keywords: Monitoring network, Multi-objective optimization, Genetic algorithm, Empirical
Bayesian kriging, Silakhor plain.
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