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ABSTRACT  
  

Reliable simulation of seawater intrusion (SI) is necessary for sustainable groundwater utilization. As a powerful 

tool, feedforward neural network (FNN) was applied to study seawater intrusion area (SIA) fluctuations in Longkou, 

China. In the present study, changes of groundwater level (GWL) were modeled by FNN Model 1. Then, FNN 

Model 2 was developed for fitting the relationship between GWL and SIA. Finally, two models were integrated to 

simulate SIA changes in response to climatic and artificial factors. The sensitivity analysis of each impact factor 

was conducted by the “stepwise” method to quantify the relative importance for SIA and GWL. The results from 

the integrated model indicated that this method could accurately reproduce SIA fluctuations when the Nash–

Sutcliffe efficiency coefficient was 0.964, the root mean square error was 1.052 km2, the correlation coefficient 

was 0.983, and the mean absolute error was 0.782 km2. The results of sensitivity analysis prove that precipitation 

and groundwater pumping for agriculture mainly affect fluctuations of SIA in the study area. It can be concluded 

that FNN is effectively used for modeling SI fluctuations together with GWL, which can provide enough support 

for the sustainable management of groundwater resources with consideration of crucial impact factors of seawater 

intrusion (SI). 
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1 INTRODUCTION   

SI, as well as groundwater level (GWL), is generally affected by natural and anthropogenic factors, such as 

precipitation, surface water level, groundwater pumping, and artificial recharge. Most of the previous researches 

focused on chloride concentration changes, which are an important indicator to directly represent SI process. 

However, the chloride concentrations at some points are not stable and often have the extreme value from 

monitoring or simulation, which can increase the uncertainty in SI management. To accurately predict SI 

developing trends, there is a need for monitor station networks with wide distribution and high density. Besides, 

the chloride concentration monitoring of groundwater is quite expensive. As an alternative, fluctuations of 

seawater intrusion area (SIA) can be explored to represent SI process in this study, which might provide an 

easier and more straightforward tool for coastal water management. 

During the past several years, numerical models have a good performance in many cases, but these methods 

require a large amount of data and many parameters describing the groundwater system and physical properties 

for the governing equation of groundwater flow and solute transport. It is generally known that a groundwater 

system is a highly complex and nonlinear system. Thus, a great quantity of data can cause tremendous 

computational burden and an increase in model uncertainty. Hence, the adaptability of numerical models is poor 

due to the lack of abundant hydrogeological information. Fortunately, the artificial neural network (ANN) is a 

strong tool for dealing with the complicated and uncertain system, which demands only time series data for input 

variables without fully understanding physical or hydrogeological properties.  

Although ANN has some drawbacks such as overfitting and risk of using unrelated data, the features including 

simplicity of use and high-speed run with acceptable accuracy have led many researchers to apply it. ANNs can 

be also developed as surrogate models to approximate complex numerical variable density models. This study 
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focused on the application of the feedforward neural network (FNN) in SIA simulation, which is a typical and 

frequently used ANN structure.   

 

2 Method  

In this paper, changes of SIA together with GWL were simulated based on FNN, and Figure 1 depicts the model 

structure, in which n represents the number of input variables. The steps of the model are as follows: 

1. The FNN Model 1 is built to simulate GWL changes effected by climatic factors and human activities. 

2. The FNN Model 2 is developed to simulate the relationship between GWL of three zones and SIA. 

3. FNN Model 1 and FNN Model 2 are integrated, which means that the results of the FNN Model 1 are viewed 

as the input data of the FNN Model 2. The integrated model can help managers understand SIA changes in 

response to natural and artificial factors.  

4. The sensitivity of each factor is studied by the “stepwise” method, in which input variables are deleted one at 
a time and the corresponding model is developed and validated. Then, the relative importance ranks are 
obtained by comparison of model performance criteria, and crucial impact factors are identified for SIA and 
GWL.  

 
Figure 5. Configuration of the model for SIA simulation 
  
3 Results 

 
(a)                                          (b) 

Figure 2. Comparison between observation and simulation of six-monthly SIA using FNN Model 2: (a) line plot 
of results; (b) scatter plot of results. 


