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Abstract

Groundwater level variations can essentially affect the
execution of many engineering projects. Accordingly, due to
the projects underway in Tabriz district and especially Tabriz
Underground Project (METRO), spatiotemporal prediction of
the groundwater level is crucial. Due to the aquifer
complexity in the Tabriz area, there are problems in using
classical mathematical models. In this research a combination
of the artificial neural networks and Geostatistic models were
applied as a new method for spatiotemporal prediction of
groundwater levels using selected pizometers. For this
purpose, the different neural networks were examined for
groundwater level forecasting in central piezometer and an
optimal ANN architecture was identified. This ANN structure
was then used for modeling the selected piezometers. The
results of these models were used as the inputs of the
geostatistics model for forecasting spatial groundwater level
in the study area. Two year monthly groundwater level
prediction data in selected piesometers resulted by ANN
modeling were among these input data. In order to obtain a
high efficiency model, different methods of the geostatistic
model were used. Finally the obtained model was tested by
water level data in piesometers other than those used for
model calibration. The results of this hybrid model were
acceptable.

Keywords: Fluctuation of groundwater table, Artificial neural
networks, Geostatistic model, Tabriz city area aquifer, Hybrid
model
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Residuals (m)

X (m) Y (m) H (m) — 1 2 3

kriging M.C M.S.M L.P
600450 4222250 1332.0877 0.234806525 -2.07552 | -0.00179 | 3.011848
607300 4218650 1334.41478 -0.39230304 -0.1041 -0.01555 | -8.95619
604300 4222000 1329.406205 -0.36497075 0.312836 | -0.01772 | -5.38644
600400 4227150 1315.106065 2.07833E-08 0 0 -1.006
604500 4224400 1342.51973 0.374031941 -2.42244 0.00816 | 0.564044
606700 4217450 1333.919232 -0.37346768 -0.3172 -0.03061 | -4.28328
604200 4218100 1326.544961 -0.2440011 0.372689 | -0.0173 | 0.724867
611250 4213150 1393.414628 -0.90656213 0.539701 | -0.01557 | -12.4568
611350 4205400 1560.234231 0932363503 -5.56545 | -0.00404 | 0.015901
618900 4211400 1522.89746 0.625271082 1.082377 | -0.00811 | -0.38771
617300 4213750 1455.863957 -0.62918578 0.446144 | -0.00311 | -2.99574
610875 4223500 1393.661627 0.740355946 -1.08114 | -0.02601 | 0.235594
620900 4212750 1520.36 0.273255264 -0.26959 | -0.01399 | 0.041825
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X Y Month p.w.L! Residuals X v Twelfth month Twenty fourth month
1 1363.7 1.391836 w.L' Residuals w.L Residuals
602000 4214950 12 1363.43 1181029 600450 | 4222250 | 133229 -0.001 1332 34 -0.0008
5 prv— Py 607300 | 4218650 | 1334.23 00173 133417 -00145
604300 | 4222000 | 1328.9 -0.0214 1327.78 -0.0271
1 1363.7 -1.499907
600400 | 4227150 | 1315.13 0 1315.16 0
Sitacs stEih e 155545 el 604500 | 4224400 | 1343.42 000994 1343 69 0.01205
£l 158541 Sre050 606700 | 4217450 | 133396 -0.0282 133379 -0.0291
1 1393.69 1.422364 604200 | 4218100 | 1327.89 0019 132817 | -00183
610875 4223500 12 1395.25 -0.0608975 611250 | 4213150 | 139372 0.0155 1393.09 0.016
24 1395.22 -0.013873 611350 | 4205400 | 1562.18 -0.0037 1561.91 -0.0038
1 1336.65 -0.499085 618300 | 4211400 | 1524.91 -0.0077 1524 24 -0.0078
600950 4219800 12 1336.58 -0.427837 617300 | 4213750 | 1455.73 -0.0027 145551 -0.0028
24 1337.12 -1.373131 610875 4223500 1396.22 -0.0265 13952 -0.0274
620900 | 4212750 | 1519.65 -0.0141 1519.55 -0.0142
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X v Estimated water level

1(month) 12(month) 24(month)
607883 4217278 1340.29 1340.29 1340.09
607905 4217310 1340.31 1340.31 1340.12
607892 4217288 1340.3 1340.31 1340.11
607877 4217311 1340.15 1340.15 1339.96
603407 4217435 1333.8 1333.07 1333.69
604145 4214326 1359.73 1359.62 1360.65
604687 4222683 1333.24 1333.07 1332.19
604693 4222664 1333.19 1333 1332.11
610501 4219135 1360.6 1360.72 1360.47
610530 4219133 1360.89 1361.01 1360.76
610491 4219111 1360.43 1360.55 1360.3
611610 4217483 1368.84 1368.84 1368.53
611626 4217470 1369 1369 1368.68
612240 4215369 1381.39 1381.5 1381.01
612220 4215367 1381.2 1381.32 1380.83
612216 4215412 1380.88 1380.99 1380.5
612227 4215393 1381.11 1381.22 1380.73
608551 4213794 1367.9 1367.88 1367.67
615575 4215079 1418.75 1418.25 14181
602000 4214950 1345.49 1345.32 1345.77
601900 4214800 1363.7 1363.43 1365.41
604836 4215571 1366.16 1365.93 1368.03
610875 4223500 1393.69 1395.25 1395.22
600950 4219800 1336.65 1336.58 1337.12
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1- Geostatistis

2- Bayesian Regularization

3- Gradient Descent back propagation
4- Levenberg-Marquardt

5- Feedforward Neural Networks
6- Recurrent Neural Networks

7- Nearest neighbor

8- Polynomial regression

9- Radial basis function

10- Moving average

11- Inverse Distance to a power
12- Minimum curvature

13- Modified sheperds method
14- Local polynomial

15- Centeral piezometer (CP)

16- Nearest neighbor
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