oyl of aolie libss
Iran-Water Resources
Research

Evaluation of the Combination of Optimization
Algorithms and adaptive Fuzzy-Neural
Inference System Compared to Time Series
Models in Groundwater Level Estimation

M. Zeinali 7, M. Ansari Ghojghar®, Y. Mehri?, and
S.M. Hosseini ¥

Abstract

To optimize the management and use of groundwater resources,
the temporal-spatial variation of the stagnant level and its
prediction and modellig is essential to better understand the
behavior of aquifers in response to the natural and human stimuli.
Given the increasing development of metamodels and their
combination with optimization algorithms for modeling and
predicting hydrogeological variables, the question remains that to
what extent these hybrid models can be effective compared to the
individual model. To answer this question, in this study, four
algorithms of particle overvoltage optimization (PSO), genetics
(GA), ant colony (ACOr), and demand evolution (DE) were
combined with the model of adaptive fuzzy-neural inference
system (ANFIS). The performance of the combined models
developed with the ANFIS model was evaluated to estimate the
average monthly groundwater level of the Sahneh plain aquifer in
Kermanshah province over 19 years. The time series model
(SARIMA) was used as the reference model. To better compare
the results of the models, the same input variables of the
groundwater level in different time steps (maximum four months
based on the self-correlation function of aquifer level) were
considered for them. The results of fitness indicators in the training
and test phases showed that there was no significant difference
between the SARIMA time series model compared to other
combined models used. However, given that SARIMA applies
average moving processes, authorization, seasonal changes, and
delays in modeling, it can be given more attention in groundwater
leveling modeling. The RMSE values of the best hybrid model
(ANFIS-GA) and SARIMA were 0.950 and 0.1012, respectively.
The results also showed that the combination of optimization
algorithms considered with the ANFIS model did not improve the
model's results compared to the individual ANFIS model in terms
of significance. The results of this research can help researchers in
consciously choosing the appropriate model in predicting the time
of the stagnant aquifer level according to the criteria of efficiency,
time and cost of calculations and data preparation to enter the
models.
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Autocorrelation Function for Sahne Aquifer Hydrograph_1
(with 5% significance limits for the autocorrelations)
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Partial Autocorrelation Function for Sahne Aquifer Hydrograph_1
(with 5% significance limits for the partial autocorrelations)
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Fig. 3- (a) Correlation diagrams (ACF) and (b) partial self-correlation (PACF) of the groundwater level
data
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el (o e €2 ACF of Residuals for C3
Normal Probability Plot Versus Fits (with 5% significance limits for the autocorrelations)
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Fig. 4- a) Checking the normality and b) the self-correlation function of the residuals of the selected
model
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Table 1- Log-Box test confirmation on the
remaining of the selected model

SWouilondly (59, 51 Sy~ Sl (yg03lanli =) Joua

2Bl Jw
Lag 12 24 36 48
Chi-Square 9.4 19.9 29.1 40.9
DE 4 16 28 40
P-Value 0.052 0.226 0.406 0.430

S 5 Saae g (558~ omas Jao gl VY
3,8 5301 3,90 ANFIS e lu] g5l Jse yolaiads aioss ol p
s g o Syges ANFIS Jao (63555 (slayiol )l ol 48 )3
e g e dbs p a8 dbol p ST b a8 wloasl canny
Sl cpid )l o plo oailes dlas ol ajiel)ly ol LSlons

Table 2- The values of ANFIS model parameters and optimization algorithms
Swaine Loy j9X g ANFIS Jao gl phalyly poolie Y Jga
Optimization algorithm /Model parameters
(ROPM,MNOR,MGR,MIF)* (2,1000,10°,0)

(MNOR,PS,POC,NOFPOM,NOM,MR,SP)** (1000,25,0.4,0.9,0.9,11,0.9,8)
(1000,25,1,0.99,1,2)

Row Model
1 ANFIS

2 ANFIS-GA

3 ANFIS-PSO

ANFIS- I
4 ACOR (MNOR,PS,SP,DRAD)

5 ANFIS-DE (PS,LROSF,HSFF,POI)***** (25,0.3,0.85,0.1)

* Representative of the partition matrix, Maximum number of repetitions, Minimum growth rate, Model internal function.

** Maximum number of repetitions, Population size, Percentage of composition, Number of parents, Percentage of mutations, Number of
mutations, Mutation rate, Select pressure.

*** Maximum number of repetitions, Population size, Inertial weight, Inertia weight loss ratio, Personal learning coefficient, Collective learning
coefficient.

**** Maximum number of repetitions, Population size, Select pressure, Deviation rate and distance.

***** Population size, Low range of scale factor, High scope factor factor, Probability of intersection.

(MNOR,PS,IW,IWLR,PLC,CLC)***

(1000,25,0.45,1)
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Fig. 5- Comparison of correlation and error values models during training and testing
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Table 3- Analysis of variance the results of SARIMA, ANFIS, ANFIS-GA, ANFIS-PSO, ANFIS-ACOR and
ANFIS-DE models.

ANFIS-DE 4 ANFIS-ACOR (ANFIS-PSO ANFIS-GA (ANFIS SARIMA by Juo gl (il slg ay 3505 —Y Jgus

Creator Mean Squares F P-Value
Between Groups 0.507 1.614 0.087
Within Groups 0.211
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1- Ordinary Kriging

2- Adaptive Neuro Fuzzy Inference System

3- Spatio-Temporal

4- Groundwater Level Monitoring Network Design
5- Artificial Neural Network

6- Gene Expression Programming

7- Feedforward Neural Network

8- Recurrent Neural Network

9- Genetic Algorithm

10- Particle Swarm Optimization

11- Ant Colony Optimization for Continuous Domains
12- Diferential Evolution

13- Autoregressive

14- Moving-Average
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