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R-squared Pearson MAE RMSE R-squared Pearson MAE RMSE Wells
Model correlation correlation

(Testing) (testing) (Testing) (Testing) (Training) (Training) (Training) (Training)
MLP 0.873855761 0.935458731 234.2302694 401.4935318 0.905924227  0.952160621 208.4991646  350.8140232
KNN  0.872505221  0.93689659  198.1963206 406.9572488  0.89615763  0.949562431 1739116161 367.4299735 4WFirst
RF 0.915414152  0.957368654  155.8033001  326.3417902  0.942467967 0.970824048  135.0378161 274.4581239
GBR  0.835625719  0.918657566 2942649975 461.1418344 0.867026313  0.935537322 2752508975  417.6322367
GPR 0904200194 0.951790591 157.5258192  349.5533518 0.945114432  0.97216743  130.8630756  268.1533679
MLP 0.873855761 0.935458731 234.2302694 401.4935318 0.905924227  0.952160621 208.4991646  350.8140232
KNN 0.872505221  0.93689659  198.1963206 406.9572488  0.89615763  0.949562431 1739116161 367.4299735 4WSecond
RF 0915414152 0.957368654  155.8033001  326.3417902  0.942467967 0.970824048  135.0378161 274.4581239
GBR  0.835625719  0.918657566 2942649975 461.1418344  0.867026313  0.935537322 2752508975  417.6322367
GPR  0.904200194  0.951790591  157.5258192  349.5533518  0.945114432  0.97216743 | 130.8630756 533679
MLP 0906163834 0.952992273  190.2349697  359.7736106  0.934077305  0.966587089 .12§8605
KNN 0861477653  0.932287347 207.4170343  436.5750703  0.895591487  0.948786035 7%34 258
RF 0.915801299  0.957891634  160.0150398  340.2879657  0.942177768  0.970670038 $8.9696737 5SWFirst
GBR  0.867484668 0.9355358 268.2839747  427.7779961  0.893544579  0.948747803 84.003974
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1. Abstract b

w
In the current study, conducted with the ai
calculate the spatial structure of data within

of modeling groundwater quality, a method is proposed to
modeling process. This method incorporates the distance
point as one of the model inputs. GBR, GPR, KNN, MLP,
déls were trained and tested using groundwater quality data

wells, 2080 wells for 6 nei ' servation wells, 1364 wells for 7 neighboring observation wells, and
finally from 631 wells for 8 néighboring observation wells, in a region covering the entire Qazvin province

coefficient, imd Ro
neighboring wells dndicated the satisfactory performance of the Random Forest (RF) model. This model

compe s for these drawbacks. Numerical results from the modeling showed that the Random Forest
(RF) model outperformed other models in most of the examined scenarios. For instance, in the scenario
using four adjacent wells, during the testing phase, this model achieved an R? = 0.915, a correlation
coefficient of 0.957, an MAE = 156, and an RMSE =~ 326. Furthermore, in the scenario with five adjacent
wells, the RF model recorded an R? = 0.935and an RMSE ~ 316, demonstrating its stability and high
precision. The Gaussian Process Regression (GPR) model, as the second most accurate model, achieved
R?values ranging from approximately 0.904to 0.934and RMSE values from approximately 350to
318across the two six-month periods, showing relatively stable performance. In contrast, the KNN and
GBR models, despite providing acceptable results, had higher errors compared to RF and GPR. For
example, the RMSE value for the KNN model in the four-adjacent-well scenario was calculated at around
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407, and for the GBR model around 461, indicating the relative weakness of these models in reconstructing
the spatial structure of electrical conductivity. Overall, the average values of MAE, RMSE, R-squared, and
Pearson correlation coefficient demonstrated that the RF model offered the lowest error and highest
correlation in both training and testing stages. In the best-case scenario, this model achieved an R?higher
than 0.95in the training phase and an RMSE less than 270, indicating its high capability in modeling the
spatiotemporal patterns of electrical conductivity in the regional aquifer. Although the computational
complexity of this model is relatively higher, the substantial accuracy and stability of the results fully

compensate for this limitation.
w )
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