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Figurel: Position of Sample Wells in Golestan Province.
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Table 1- Statistical characteristics of the used parameters.

Parameters Na* Mg Ca*’ 80,7 c'  pH SAR TDS EC
Minimum 0.12 0.9 11 0.02 0.2 93.9 0.09 203.5 228
Maximum 455 18.8 16 31.62 475 8.69 20.44 3537 5820
Average 4.09 2.9 2.96 1.75 1.87 7.64 2.46 609.97 955.93
Coefficient of variation 1.18 0.32 0.36 90.95 1.56 0.04 1.06 0.55 0.56
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Table 2- Different combinations of ANN, GEP, ANFIS models.

Model Output Input

1 SAR.TDS. EC Na, Mg, Ca, SO4, CI, pH
2 SAR.TDS. EC Na, Mg, Ca, SO4, Cl

3 SAR.TDS.EC Na, Mg, Ca, SO4, pH

4 SAR.TDS. EC Na, Mg, Ca, Cl, pH

5 SAR.TDS. EC Na, Mg, SO4, Cl, pH

6 SAR.TDS. EC Na, Ca, SO4, Cl, pH

7 SAR.TDS.EC Mg, Ca, SO4, Cl, pH

8 SAR.TDS.EC Mg, Ca, SO4, pH

9 SAR.TDS. EC Na, Cl
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Figure 2- Schematic of a multi-perceptron network
(Hsu, 1995).
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Table 4- The values of the parameters used in the
estimation of the qualitative parameters of underground

water using (GEP).

Values Parameters
8 Head Size
30 Chromosomes
3 Number of genes
0.044 Mutation Rate
0.1 Inversion Rate

One-point  Recombination
0.3

Rate

Two-point  Recombination
0.3

Rate
0.1 Gene Recombination Rate
0.1 IS Transposition Rate
0.1 RIS Transposition Rate
0.1 Gene Transposition Rate
RMSE Fitness Function Error Type
«) Linking Function

sl osesl alye sl )l sl @bi & Jpur
5 EC ¢ SAR nein ol (S byl sniinn
ot Sl e oo Lid 1) GEP Juw 5l el LTDS
@ Glize (69955 oS 5 A olaws o )y ol sl slas e

A ool GEP Juwe

o g @bs

“de 4 (69959 Syl e (Ser cul o ¥ Jgox
olis |, SAR gEC DS jyolie b s ge i i clo
la el ol po nl Gog o dne ulol o a2 0
oS sl S @ pY el Sl b Jow 4 (5099
(5 088,53yl  (reeS sl (99,9 Syl
g oslitnl LSy (55555 (sla el ly 5l ol 0

O CasS 6o yol)l (o (Siwnrod ol ps - ¥ Jgox

0395
Table 3 - Correlation coefficients between groundwater
quality parameters.

Parameters TDS SAR EC

Na 0.93 0.95 0.94
Mg 0.49 0.8 0.51
Ca 0.26 -0.17 0.28
S04 0.39 0.39 0.40
Cl 0.93 0.93 0.95
pH 0.13 0.13 0.12
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Table 5- Forecasting results for test stages using GEP model.

Test MODEL1 MODEL2 MODEL3 MODEL4 MODEL5 MODEL6 MODEL7 MODEL8 MODEL9
R2 0.972 0.690 0.740 0.973 0.952 0.971 0.919 0.119 0.916
EC RMSE 143.974 472.862 422.996 142.333 135.954 147.681 150.764 503.166 368.965
MAE 121.866 82.224 99.825 111.213 103.263 128.145 107.440 391.612 345.442
R2 0.970 0.949 0.948 0.978 0.971 0.974 0.842 0.171 0.963
SAR RMSE 0.464 0.491 1.964 0.417 0.555 0.455 1.467 7.078 0.514
MAE 0.271 0.210 1.897 0.255 0.324 0.282 0.994 6.845 0.264
R2 0.969 0.984 0.972 0.985 0.869 0.973 0.822 0.364 0.936
TDS RMSE 78.394 73.201 77.565 103.598 119.047 84.287 150.307 435.544 210.508
MAE 63.885 63.894 60.397 83.686 46.866 68.408 85.138 585.912 190.789
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Table 6- Prediction results for EC parameter test stage using ANN model.

EC Test
Number osf Nerons Number osf Nerons Number osf Nerons
5 5 10
R2 RMSE MAE R2 RMSE MAE R2 RMSE MAE
Inputs
MODEL1 0.969 180.702 161.799 0.971 180.356 163.697 0.963 188.488 165.376
MODEL2 0.967 180.088 160.155 0.963 178.084 153.423 0.968 184.142 164.419
MODEL3 0.968 183.627 164.389 0.97 186.838 168.805 0.965 180.605 158.601
MODELA4 0.973 169.233 152.152 0.965 187.916 158.722 0.965 188.952 163.061
MODEL5 0.948 146.439 112.870 0.95 138.472 102.535 0.937 144.108 102.015
MODELS6 0.954 130.378 97.829 0.957 126.927 93.919 0.932 152.001 102.728
MODEL7 0.910 157.919 112.677 0.903 162.814 122.002 0.904 152.937 110.777
MODELS8 0.222 412.346 225.474 0.121 439.468 222.475 0.142 441.866 276.662
MODEL9 0.869 174.659 105.904 0.867 178.169 108.926 0.868 171.244 103.823
ANN Juo 3l 0oliusl LSAR palyly 9031 al> po gl (St gl -V Jguz
Table 7- Prediction results for SAR parameter testing stage using ANN model.
SAR Test
Number osf Nerons Number osf Nerons Number osf Nerons
1 5 10
R2 RMSE MAE R2 RMSE MAE R2 RMSE MAE
Inputs
MODEL1 0.976 0.841 0.653 0.992 0.800 0.593 0.997 1.026 0.653
MODEL2 0.982 0.708 0.571 0.995 0.962 0.625 0.996 0.992 0.631
MODEL3 0.980 0.809 0.662 0.996 1.021 0.679 0.996 1.029 0.654
MODEL4 0.983 0.744 0.589 0.993 0.952 0.620 0.997 0.985 0.634
MODEL5 0.984 0.681 0.503 0.993 0.808 0.496 0.992 0.817 0.498
MODELS6 0.985 0.627 0.418 0.993 0.569 0.373 0.992 0.792 0.457
MODEL7 0.930 1.404 1.157 0.953 1.610 1.200 0.958 1.627 1.133
MODELS8 0.621 2.399 1.392 0.630 2.332 1.345 0.616 2.406 1.562
MODEL9 0.980 0.613 0.300 0.984 0.528 0.251 0.980 0.643 0.288
. ANN o jl ool LTDS yolyl ,_,5.0)]— al> 0 gl jpevgver) =l -Adgos
Table 8- Prediction results for TDS parameter testing stage using ANN model.
TDS Test
Number osf Nerons Number osf Nerons Number osf Nerons
1 5 10
R2 RMSE MAE R2 RMSE MAE R2 RMSE MAE
Inputs
MODEL1 0.872 142.586 80.904 0.862 146.390 81.130 0.877 139.759 79.500
MODEL2 0.873 141.315 79.632 0.872 144.465 84.188 0.834 158.998 84.469
MODEL3 0.872 144.05 83.215 0.864 146.409 83.653 0.868 147.736 86.319
MODEL4 0.870 142.737 81.312 0.855 151.280 84.992 0.870 143.269 80.806
MODEL5 0.861 140.570 74.189 0.858 138.629 69.324 0.846 143.922 72.025
MODELS6 0.863 130.259 59.231 0.859 132.76 59.255 0.856 133.699 58.517
MODEL7 0.845 140.696 73.768 0.848 145.241 79.741 0.849 144,551 83.390
MODELS8 0.221 304.601 161.849 0.209 312.765 164.280 0.279 314.924 163.684
MODEL9 0.802 154.439 76.573 0.798 155.849 76.260 0.804 153.914 74.942
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Table 9- Prediction results for the test stage using the ANFIS model.

Train Modell Model2 Model3 Model4  Model5 Model6 Model7 Model8 Model9
R2 0.998 0.997 0.998 0.997 0.993 0.995 0.994 0.928 0.951

EC RMSE 42.996 43.674 43.288 42.871 55.817 50.112 54.67 158.779 124.855
MAE 21.969 26.407 23.021 24527 37.621 32.684 324.34 640.104 759.87

R2 0.998 0.998 0.998 0.998 0.998 0.998 0.992 0.883 0.986

SAR RMSE 168 153 164 158 164 161 275 925 310
MAE 83 73 80 76 95 89 185 600 170

R2 0.997 0.995 0.997 0.996 0.992 0.993 0.993 0.993 0.94

TDS RMSE 748.27 84.3 417.28 795.28 975.34 72.33 795.35 386.93 749.76
MAE 125.15 807.19 344.16 810.17 417.23 328.22 888.22 445,63 42.54
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Table 10 - Statistical results of the best inputs of the used models.

Parameters Train Test
MAE RMSE R2 MAE RMSE R2

EC 108.995 142.789 0.973 111.213 142.330 0.973

EC 29.445 41.037 0.944 166.061 188.952 0.965

9 EC 87.759 124.855 0.951 91.559 178.841 0.865
1 SAR 0.267 0.426 0.978 0.271 0.464 0.970
4-10 SAR 0.211 0.073 0.999 0.634 0.985 0.997
9 SAR 0.17 0.310 0.986 0.087 0.454 0.969
2 TDS 57.75 86.885 0.972 63.894 73.201 0.984
TDS 25.32 46.675 0.982 79.500 139.759 0.877

TDS 54.042 76.749 0.950 64.703 147.234 0.813
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Figure 3 - Comparison diagram of predicted and observed values for the test stage of the GEP model.
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Figure 4 - Comparison chart of predicted and observed values for the test stage of the ANN model.
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