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Since the increase in the depth of groundwater and its intensification can indicate
serious limitations in the exploitation of these resources, predicting the changes of
this parameter plays an important role in managing these resources and preventing
possible damage to them. For this purpose, the use of smart methods has been
strongly recommended by researchers. In this research, the methods of multilayer
perceptron neural network (MLP), fuzzy inference system (fis), adaptive neural
fuzzy inference system (ANFIS), and the combined method of fuzzy neural
inference system and particle swarm optimization (ANFIS-PSO) were used for
simulation of groundwater Fluctuations depth in Haji Abad area between March
1995 to October 2022 on a monthly scale. The training and testing phases were
done with 75 and 25 percent of data, respectively. To measure the accuracy of the
models, root mean square error (RMSE), mean absolute percentage error (MAPE)
and mean absolute value of error (MAE) indices were used. The best results in the
training phase are related to ANFIS-PSO, ANFIS, and MLP models, respectively.
Simultaneously with the training of the mentioned models, the testing stage of said
models was also implemented. Finally, the best results in this stage belonged to the
neural network model with time delay [1 3 5], the ANFIS-PSO model with time
delay [1 2 3], and the neural network model with time delay [1 2], respectively. The
accuracy indices in the test stage for the best models are (0.1871, 0.1865, 0.1857)
for RMSE, (0.7402, 0.6715, 0.6684) for MAPE, and (0.1326, 0.1238, 0.1198) for
MAE, respectively. These values show that all three models have an error of less
than 20 cm, an error percentage of less than 0.75%, and an absolute error of less
than 14 cm, which indicates the acceptable accuracy of these models. Also, the
coefficient of determination obtained from the regression relationship of the
calculated and measured values of the groundwater depth in the test phase for all
three models is around 0.82, which indicates a relatively high linear relationship
between these two parameters.
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EXTENDED ABSTRACT

Introduction: Over the past years, with the progress of mathematical and engineering science, intelligent
methods have taken the place of classical ones in the simulation of phenomena. In this regard, many researchers
have compared intelligent methods including neural networks, fuzzy systems, etc., with methods such as
ARIMA and SARIMA in the analysis of time series. As a result, intelligent methods were evaluated as more
accurate methods than the classical ones, and the use of these methods was recommended. Therefore, we are
now extensively witnessing the usage of these methods in different branches of sciences such as natural
resources, agriculture and meteorology, etc. One of the applications of intelligent methods is in the field of
groundwater management. The concept of water table fluctuations is one of the important and basic issues in
agricultural planning, water resource management, and determining crop water requirements. Moreover, the
excessive extraction of groundwater causes a sharp drop in the groundwater level, which will increase the risk of
land subsidence. So, an accurate prediction of the groundwater depth and its fluctuations is important for the
management of these resources and the prevention of some destructive risks.

Methodology: In this research, the simulation of groundwater depth fluctuations has been done in Haji Abad
aquifer using some artificial intelligence models. The aquifer is located in the southeast of Darab city in Fars
province. The applied models consist of a Multilayer Perceptron Neural Network (MLP), Fuzzy Inference System
(FIS), Adaptive Neural Fuzzy Inference System (ANFIS), and the combined method of Fuzzy Neural Inference
System and Particle Swarm Optimization method (ANFIS-PSO). First, to create the input data file, the time series
data related to the piezometric wells have been collected in the period of March 1995 to October 2022 and the
average depth of groundwater depth in this time period has been calculated based on the k-Means clustering
method. In the present study, considering that the prediction of the groundwater depth in the present time will be
done based on the time delays of this variable in the past, the input data of the models has been created in the form
of a time delay matrix. After that, the training step of the models has been done by adjusting the most important
parameters of each model based on an iterative algorithm. This algorithm provides the best values for the
parameters, which will lead to the most accurate results in the test step. To measure the accuracy of the models, the
indices of root mean square error (RMSE), mean absolute percentage error (MAPE), and mean absolute value of
error (MAE) were used. After running the models based on different time delay matrices, the obtained results were
compared with each other and as a result, the most efficient models in the prediction of groundwater fluctuations in
the mentioned area were introduced. The superior models generally had their best efficiency in a certain time delay
matrix. The purpose of this research is to know the pattern of groundwater depth changes in the aquifer of this
region and then predict the future changes in the mentioned aquifer.

Results and Discussion: The results (Table 1) showed that in the training step, the first rank belongs to the
combined method of fuzzy-neural inference system and particle swarm optimization method with time delay [1 2
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3] and the error indices 0.1994 for RMSE, 0.9366 for MAPE and 0.1397 for MAE. The second rank has been
assigned to the adaptive neural fuzzy inference system with time delay [1], in which the values of the error indices
are 0.2162, 0.9622, and 0.1431 for RMSE, MAPE, and MAE, respectively. Finally, the third rank is the multi-layer
perceptron artificial neural network model with time delay [1 2] with RMSE of 0.2750, MAPE of 1.1752, and an
absolute average error of 0.1721. In the testing step, the best results were for the MLP model with time delay [1 3
5], the ANFIS-PSO model with time delay [1 2 3], and the MLP model with time delay [1 2], as the first three
ranks, respectively. For the mentioned superior models, the error indices are (0.1871, 0.1865, 0.1857) for RMSE,
(0.7402, 0.6715, 0.6684) for MAPE, and (0.1326, 0.1238, 0.1198) for MAE, respectively.

Table 1- The Model’s ranking and model’s accuracy in the training and testing steps for each delay

Row  Delay  Superior Model Train step Test step
MAPE MAE Ra RMSE MAPE MAE Rank
1 [1] ANFIS 0.2162 0.9622 0.1431 2 0.1907 0.7792 0.1389 4
2 [2] MLP 25939 11871 19761 10 0.2829 1.1272 0.2103 7
3 [3] MLP 0.6653 3.3401 0.495%6 8 0.3353 1.2959 0.8050 10
4 [1 2] MLP 0.2750 11752 0.1721 3 0.1871 0.7402 0.1326 3
5 [2 3] MLP 24849 11580 19111 9 0.2728 1.0665 0.1909 6
6 [3 4] MLP 0.5674 25792 0.3898 5 0.3137 1.2342 0.2202 8
7 [1 2 3] ANFIS-PSO 0.1994 09366 0.1397 1 0.1865 0.6715 0.1238 2
8 [2 34] MLP 0.5848 2.6900 0.4128 6 0.2708 0.953 0.1964 5
9 [3 4 5] MLP 0.6146 3.0526 0.4597 7 0.3263 1.1969 0.2148 9
10 [1 3 5] MLP 0.2831 13033 0.1909 4 0.1857 0.6684 0.1198 1

Conclusion: The best results in the training step are related to ANFIS-PSO, ANFIS, and MLP models,
respectively. Simultaneously with the training of the models, the testing step was also implemented. Finally, the
best results for the testing step were MLP, ANFIS-PSO, and MLP, respectively. The accuracy indices in the
testing step for the best models are (0.1871, 0.1865, 0.1857) for RMSE, (0.7402, 0.6715, 0.6684) for MAPE,
and (0.1326, 0.1238, 0.1198) for MAE, respectively. These values show that all three models have an error of
less than 20 cm, an error percentage of less than 0.75%, and an absolute error of less than 14 cm, which
indicates the acceptable accuracy of these models. Besides, the coefficient of determination obtained from the
regression analysis between calculated and measured values of the groundwater depth for all three models is
around 0.82, which indicates a relatively strong linear relationship between these two variables. Moreover, the
results showed that more than 80% of the data had an error of less than 20 cm in the prediction.
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Figure 1- Isopotential Contour map and Geographical location of the research site in Fars province
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Figure 2- The average variation of groundwater depth in the case study region
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Table 1- The test results of MLP Model for different delay

Row Delay Number of Neuron in Hidden Layer Epoch Number RMSE MAPE MAE
1 [1] [6 4] 2510 0.1978 0.7663 0.1363
2 [2] [5 8] 759 0.2829 1.1272 0.2103
3 [3] [7 7] 2134 0.3353 1.2959 0.8050
4 [T 2] [7 7] 3764 0.1871 0.7441 0.1308
5 [2 3] [7 4] 52 0.2728 1.0665 0.1909
6 [3 4] [7 5] 2146 0.3137 1.2342 0.2202
7 [1 2 3] [6 4] 481 0.1865 0.6756 0.1251
8 [2 3 4] [7 4] 162 0.2708 0.9534 0.1964
9 [3 4 5] [4 8] 3643 0.3263 1.1969 0.2148
10 [1 3 5] [3 4] 660 0.1857 0.7802 0.1198
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Table 2- The results of FIS model for different delays

Number of Membership

Row Delay Function [Inputs Output] Epoch Number RMSE MAPE MAE
1 [1] [2 7] 22 0.2090 0.7945 0.1365
2 [2] [2 9] 24 0.3106 1.1255 0.2023
3 [3] [2 9] 35 0.3780 1.3834 0.2483
4 [1 2] [4 3 4] 709 0.2251 0.8523 0.1537
5 [2 3] [4 3 4] 709 0.3308 1.2309 0.2214
6 [3 4] [2 3 6] 261 0.3910 1.3801 0.2488
7 [1 2 3] [6 8 5 4] 1639 0.4386 1.8732 0.3353
8 [2 3 4] [6 7 4 3] 1398 0.4375 1.9184 0.3427
9 [3 4 5] [6 8 5 1] 1636 0.4375 1.9207 0.3431
10 [1 3 5] [6 2 4 3] 1249 0.4385 1.9612 0.3498
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Table 3- The test results of ANFIS model for different delay

Row Delay Number of Clusters Epoch Number RMSE MAPE MAE
1 [1] 9 37892 0.1907 0.7792 0.1389
2 [2] 8 14282 0.2901 1.1672 0.2073
3 [3] 10 38997 0.3509 1.4348 0.2545
4 [1 2] 10 10470 0.2025 0.8685 0.1567
5 [2 3] 10 1280 0.3002 1.6870 0.3051
6 [3 4] 4 15612 0.3588 1.4038 0.2491
7 [1 2 3] 7 35263 0.1977 0.7955 0.1418
8 [2 3 4] 10 9690 0.3040 1.5730 0.2840
9 [3 4 5] 5 28155 0.3625 1.4857 0.2643

10 [1 3 5] 3 5819 0.2097 0.7919 0.1414
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Table 4- The test results of ANFIS-PSO model for different delays

Row Delay Epoch Number RMSE MAPE MAE
1 [1] 12345 0.1941 0.6917 0.1242
2 [2] 6842 0.2845 1.0964 0.1957
3 [3] 21523 0.3436 1.3451 0.2399
4 [1 2] 11362 0.1849 0.6959 0.1241
5 [2 3] 14804 0.2893 1.0895 0.1958
6 [3 4] 17618 0.3602 1.3891 0.2481
7 [1 2 3] 5223 0.1886 0.6712 0.1213
8 [2 3 4] 19652 0.2942 1.1492 0.2055
9 [3 4 5] 25161 0.3595 1.4071 0.2513

10 [1 3 5] 13284 0.1923 0.6796 0.1224
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Table 5- The best results of each model in the test step

Row Model Delay RMSE MAPE MAE
1 MLP [1 3 5] 0.1857 0.7802 0.1198
2 ANFIS [1] 0.1907 0.7792 0.1389
3 FIS [1] 0.2090 0.7945 0.1365
4 ANFIS - PSO [1 2 3] 0.1886 0.6712 0.1213
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Table 6- The Model’s ranking and model’s accuracy in testing step for each delay

Row Delay Superior Model RMSE MAPE MAE Test_Rank
1 [1] ANFIS 0.1907 0.7792 0.1389 4
2 [2] MLP 0.2829 1.1272 0.2103 7
3 [3] MLP 0.3353 1.2959 0.8050 10
4 [1 2] MLP 0.1871 0.7402 0.1326 3
5 [2 3] MLP 0.2728 1.0665 0.1909 6
6 [3 4] MLP 0.3137 1.2342 0.2202 8
7 [1 2 3] ANFIS-PSO 0.1865 0.6715 0.1238 2
8 [2 3 4] MLP 0.2708 0.953 0.1964 5
9 [3 4 5] MLP 0.3263 1.1969 0.2148 9
10 [1 3 5] MLP 0.1857 0.6684 0.1198 1
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Table 7- The Ranked Models’ prediction accuracy in Training step

Row Delay Superior Model RMSE MAPE MAE Train_Rank
1 [1] ANFIS 0.2162 0.9622 0.1431 2
2 [2] MLP 2.5939 11.8713 1.9761 10
3 [3] MLP 0.6653 3.3401 0.4956 8
4 [1 2] MLP 0.2750 1.1752 0.1721 3
5 [2 3] MLP 2.4849 11.5801 1.9111 9
6 [3 4] MLP 0.5674 2.5792 0.3898 5
7 [1 2 3] ANFIS-PSO 0.1994 0.9366 0.1397 1
8 [2 3 4] MLP 0.5848 2.6900 0.4128 6
9 [3 4 5] MLP 0.6146 3.0526 0.4597 7
10 [1 3 5] MLP 0.2831 1.3033 0.1909 4
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Figure 5- Temporal variation between measured and computed groundwater depth (a) and linear regression

relationship between measured and computed groundwater depth (b) and distribution curve of the prediction error
(c) by MLP model for delays [1 3 5]
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Figure 6- Temporal variation between measured and computed groundwater depth (a) and linear regression
relationship between measured and computed groundwater depth (b) and distribution curve of the prediction error
(c) by ANFIS - PSO model for delays [1 2 3]
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Figure 7- Temporal variation between measured and computed groundwater depth (a) and linear regression
relationship between measured and computed groundwater depth (b) and distribution curve of the prediction error
(c) by MLP model for delay [1 2]
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