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Abstract: 

An essential tool for risk-based management of water 

resource systems is the assessment and forecasting of water 

quality. Numerous water quality indicators, charts, and standards 

have been produced for these objectives, and they have been 

applied based on water uses. Since the advent of computing 

technology, numerical models have been used frequently to 

simulate processes affecting water quality. But because these 

numerical models are not sufficiently user-friendly, there is a 

significant knowledge gap between model developers and 

practitioners. Since Artificial Intelligence (AI) has advanced over 

the past ten years, it is now viable to incorporate the technologies 

into numerical modeling systems to fill in the gaps. Among the 

numerous AI-based algorithms available, For predicting water 

quality, artificial neural networks are more often used. These 

models, however, need a sizable dataset for both training and 

validation. The management of water resources for conservation 

has increased the necessity for forecasting techniques today. In 
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this study, the parameters for the water quality index were 

determined using an artificial neural network model (ANN).  In 

the calibration of an ANN model, we can obtain a set of 

coefficients for a linear model.  In 2020, seven Sohag and kena 

water quality metrics were selected at four different locations. 

The results show that, in comparison to the Multiple Regression 

Model, the Water Quality Index (WQI) predicted with ANN 

model produces better output (correlation coefficient). 

Keyword: water quality index, wáter modelling by AI, water 

quality in AI, water model prediction, neural network water 

quality 

1. Introduction: 

 
affected by evaporation and pollutants, groundwater serves as the 

primary source of freshwater in dry and semi-arid regions of the 

world (Dogan et al. , 2019). Sadly, groundwater withdrawal, 

pollution, and resource depletion have increased as the human 



 

 

Using technical artificial intelligence Modeling to forecast the management of the .... 
Dr .Dalia Younis 

 

 0202يناير  -العدد الأول                                                   المجلد السادس عشر                          

 
362 

 

population has grown and as agricultural and industrial activities 

have occurred (Dogan et al. , 2019). Due to increased 

groundwater demand brought on by climate change and altered 

precipitation patterns, aquifer depletion poses a serious threat to 

human existence in these areas (Dogan et al. , 2019). therefore, 

access to groundwater is. 

Literature review 

In essence, assessing water quality is a categorization issue. 

Research on unsupervised approaches is extremely active as a result of 

the inconsistent present standards for measuring water quality (Khalil 

et al., 2017). Principal component analysis (PCA) and cluster analysis 

(CA), particularly hierarchical cluster analysis (HCA), are the two 

most popular unsupervised classification techniques (Rupal et al., 

2015). These techniques have been utilized extensively in water 

quality management, however because of the growth and complexity 

of data in the aquatic environment, employing these techniques to 

evaluate water quality is difficult in terms of handling the data 

(Ouarda et al., 2017). Today's leading technologies for huge data 

analysis include fuzzy C-means clustering, fuzzy logic, evolutionary 

algorithms, and K-means clustering (Rene et al., 2016). The Euclidean 

distances with equal weights method is frequently used in K-means 

clustering. Recent studies have concentrated on applying different 

weights to the Euclidean distance (Perrone et al., 2016).  
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Indicators and Numbers: 

The topic of artificial intelligence is the one that computer 

science and information technology specialists, as well as other 

scientists and decision-makers, are debating the most. The 

ultimate goal of artificial intelligence is to create a machine that 

can think like a human (Dwivedi, Pathak, 2019). These machines 

are capable of making the best decisions in the most difficult 

situations by combining cutting-edge analytical techniques with 

the skills of analysts, engineers, politicians, and other scientists 

based on the vast amount of information resources at their 

disposal. The hidden layer plays a significant role in the network 

power; counting the number of hidden layers is the second step. 

Therefore, a single figure must be discovered to represent the 

appropriateness of groundwater for agricultural or human usage. 

Techniques and model requirements: 
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Figure (1) represented the ANN steps 
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4.1. Model Validation   

 

                                              

                  (2)                                        

   
     

  
                                                                                         

(3)   
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(4) 

Empirical results  

For determining the quality of groundwater, the chemical 

parameters such as pH, Cl, SO4, and TDS, were analyzed.  
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Figure (2) Structure of NN 

 Figure (2) displays how many parameters were chosen 

based on the relative importance of the total number of 

parameters, which was reduced to six parameters, including: 

5.1. PH Parameters: -  

 The pH value ranges from 6.4 to 11.3, with the highest pH 

values of 11.3, 10.5, and 9.6 (see Figure). As one of the most 

important factors of water quality, pH indicates the presence of 

alkaline or acidic substances in groundwater. As a result, it 

appears that the pH of the area under inquiry is within the ideal 

ranges recommended for drinking water. 

5.2. Chloride (Cl):  

In general, Cl is widely distributed in all kinds of rocks. 

Furthermore, high Cl concentrations in groundwater tests imply that 

the water has a high organic content, rendering it unfit for human 

consumption and livestock irrigation (Ouarda TBMJ, Shu, 2017). 
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5.3. Sulfate (SO4) : 

Sulfate content in natural water is around 50 mg/l. 

According to the WHO, 2019 drinking water with a high sulfate 

content may cause corrosion in the distribution network's pipe 

systems, along with an unpleasant flavor. 400 mg/l of sulfate is 

the recommended amount for human intake. The current 

investigation shows that gypsum content in the soil causes sulfate 

concentrations in groundwater to reach a maximum value of 

12000 mg/L.  

5.4. Total Dissolved Solids (TDS):  

 High TDS concentrations might cause gastrointestinal 

discomfort. Long-term consumption of water with a high TDS 

can also cause kidney stones and a number of heart ailments. One 

of the main causes of such high TDS values may be 

anthropogenic sources, including the disposal of solid waste, 

home sewage, and agricultural operations. Averaging 8215 mg/L 

and 4733 mg/L, high TDS levels were found in the majority of 

the groundwater samples. 

Figure No. (3) shows the analyzed values in the 

laboratories of the National Research Center in Dokki in Figures 

(3) (B - D - F - H). The parameter values were found, as well as 

its equation While Figures (3) (E - G - A - C) shows the 

parameter values in addition to the prediction values of up to 

thirty wells. Table No. (1) shows the correlation coefficients 

between the parameters, as well as the relationships between 
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them (direct or inverse) and the extent of the correlation between 

them (strong or weak). It is noted from the table that all the 

relationships between the parameters are direct relationships and 

there is no inverse relationship and this is evidence that the 

samples obtained They are close to each other and this is 

evidence of soil homogeneity despite their different locations and 

despite the presence of five invalid wells, while the column 

shown in blue indicates that the relationships between the sulfate 

group and all parameters except for the first four parameters is a 

weak direct relationship, and this indicates that the values of the 

rest of the coefficients are small can be neglected. The  

 
6. Model Prediction  
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Table No. (3) shows the method of calculating (GWQI) for 

any well, by which a well was calculated in the city of Quesna, 

Menoufia, and it was confirmed that the well was not suitable for 

drinking or agriculture, as the groundwater quality index was (82.4) . 

as well as Table (4) data and the calculation of the 

groundwater quality index for fifteen A well in Tahta, which is in 

the governorates of Shohag and Qena, respectively. Figure (5) 

shows the relative importance of the parameters, which shows 

that the effect of pH is one of the largest in the selected sample, 

and this is specific to the selected sample only. 

Conclusion  

Some hybrid methods have been These hybrid methods 

were devised and used by the researcher to combine the strengths 

of each approach and address the limitations of distinct AI 

models. Many researchers have used these hybrid approaches to 

evaluate and forecast water quality. A number of water quality 

indicators were created with various water quality standards to 

assess water quality in 16 wells in Egypt using the statistical 

analysis system, Statistical Package for Social Sciences (SPSS). 

The results revealed that using artificial intelligence, some of the 

necessary parameters can be removed without reducing the 

accuracy of the water quality indicators. And to predict the 
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groundwater quality index in several places in Egypt's wells, a 

brief summary of the most common hybrid algorithms for 

artificial intelligence models with statistical analysis that are 

widely used in predicting water quality has given results very 

close to each other, but the accuracy of the algorithms for 

artificial intelligence gave higher accuracy results. Determining 

the potential of water that may be used safely and continuously 

for different purposes without lowering its quality is essential, as 

is alerting people in charge of water management and water users 

of this. Identifying the necessary groundwater uses and their 

requirements; establishing sound planning for their development, 

exploitation, and management; and creating long- and short-term 

plans for their exploitation. Periodic monitoring and review of 

the aquifer's behavior to keep track of any changes that may take 

place in terms of quantity and quality. In order to determine the 

WQI, which is necessary to assess the suitability of groundwater 

for drinking purposes as well as its suitability and, consequently, 

the validity of the artesian well, we conducted this study. The 

purpose of this study was to analyze the quality of groundwater 

in Cairo, Egypt. We have observed that the majority of the 

chemical parameters surpassed the permitted standard limits in 

Egypt when the results were evaluated. 

It thus renders them toxic if utilized in Egyptian 

agriculture and unfit for human consumption. Furthermore, the 

quality of the groundwater in the research area has been impacted 
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by the presence of sewage, the dumping of solid and liquid 

waste, and all other human activities like different enterprises. 

ANNM was created with the intent of improving future 

groundwater quality predictions. The lowest values of error 

functions for training and testing as well as a high R2 value were 

attained using this model. As a result, the model has a high 

forecast accuracy. The most important parameters, pH and 

chloride, had an impact on the model. 
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Figure (3) Observations and Forecasting of Parameters from 

(A- H) 
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Table (1) Correlation between all Parameters 

 

 Table (3) Calculation the GWQI with eight parameters 

Parameters 
Observe 

values( Oi) 

Standard 

values(Si) 

Initial 

values(Ii) 

 

  
 K Wi Qi Wi .Qi 

Ph 7.7 8.5 7 0.1176 2.74 0.322 46.67 14.93 

CL 750 350 755 0.0028 2.74 0.008 1.350 0.011 

SO4 8.0 200 0.42 0.005 2.74 0.014 3.800 0.053 

TDS 47.0 500 3.28 0.002 2.74 0.005 8.800 0.044 

EC 98 250 1.14 0.004 2.74 0.011 38.520 0.423 

DO 3.6 5 11.66 0.2000 2.74 0.548 121.00 66.308 

N2 1.9 50 0.2 0.0200 2.74 0.055 3.410 0.1876 

Ca 10.5 75 0.64 0.0130 2.74 0.040 13.250 0.530 

⅀ 
   

0.3644 
 

1.001 
 

82.487 

ph TDS TH Turb SO4−2 Cl− NO3− F− Na+ Cu Zn Pb Fe Mn Cr Ecoli

pH 1

TDS 0.997528 1

TH 0.974456 0.983667 1

Turb 0.970257 0.979898 0.992056 1

SO4−2 0.696613 0.695695 0.648574 0.643348 1

Cl− 0.983985 0.990348 0.995534 0.997359 0.656035 1

NO3− 0.980312 0.983488 0.985687 0.99459 0.653771 0.995472 1

F− 0.919643 0.937239 0.98378 0.97562 0.608319 0.969781 0.958388 1

Na+ 0.964724 0.974035 0.996747 0.987369 0.636312 0.990595 0.97759 0.985061 1

Cu 0.703775 0.737612 0.82817 0.843212 0.46451 0.810408 0.809391 0.905338 0.833748 1

Zn 0.880504 0.903472 0.962041 0.957078 0.583527 0.945787 0.931418 0.992286 0.965125 0.917739 1

Pb 0.912118 0.921576 0.942224 0.947683 0.590961 0.944848 0.93328 0.932674 0.957363 0.839339 0.903139 1

Fe 0.989008 0.991364 0.990413 0.976014 0.649577 0.988498 0.976314 0.953098 0.987967 0.751574 0.919664 0.936391 1

Mn 0.988186 0.990938 0.993214 0.992896 0.660091 0.998284 0.996116 0.962849 0.987685 0.789132 0.935887 0.934646 0.990238 1

Cr 0.989202 0.990564 0.991707 0.986705 0.663442 0.994974 0.989375 0.958536 0.990377 0.777998 0.926459 0.950324 0.99536 0.996819 1

E .coli 0.96477 0.974672 0.995941 0.996845 0.640906 0.995282 0.990117 0.986659 0.994715 0.857736 0.967701 0.953929 0.979437 0.991667 0.988653 1
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Table (4) Calculation the GWQI with fifteen wells 

 

 
Figure (4) the percentage important of parameters for well 

Parameters Well 1 Well 2 Well 3 Well 4 Well 5 Well 6 Well 7 Well 8 Well 9 Well 10 Well 11 Well 12 Well 13 Well 14 Well 15

pH 7.58 7.34 7.4 7.8 7.45 6.7 7.65 7.79 6.73 8.65 7.52 7.12 7.52 7.55 7.65

TDS 460 433 671 429 498 455 344 470 453 265 671 749 576 431 379

TH 455 371 470 263 433 363 222 245 342 321 296 798 568 299 283

Turb 0.34 0.2 0.2 0.45 0.87 0.55 0.12 0.46 0.31 0.45 0.28 0.86 0.37 0.35 0.79

SO4−2 31 39 53 36 43 35 39 36 43 49 55 60 67 68 58

Cl− 55 73 160 68 90 74 54 143 102 55 159 180 143 112 87

NO3 − 45 63 45 53 49 38 22 38 54 46 53 47 48 43 39

F− 0.22 0.36 0.48 0.45 0.37 0.36 0.36 0.64 0.64 0.54 0.44 0.65 0.69 0.48 0.86

Na+ 28 45 99 59 46 54 76 91 57 67 78 89 79 54 59

Cu 0.019 0.015 0.018 0.02 0.019 0.02 0.017 0.016 0.02 0.019 0.02 0.018 0.02 0.02 0.018

Zn 0.156 0.013 0.015 0.03 0.015 0.04 0.016 0.016 0.016 0.016 0.016 0.06 0.016 0.016 0.016

Pb 0.004 0.007 0.005 0.006 0.006 0.05 0.008 0.006 0.008 0.006 0.009 0.007 0.008 0.01 0.008

Fe 0.04 0.043 0.03 0.04 0.03 0.03 0.04 0.06 0.07 0.1 0.04 0.11 0.04 0.04 0.04

Mn 0.016 0.017 0.016 0.017 0.011 0.021 0.019 0.015 0.018 0.019 0.018 0.017 0.015 0.017 0.016

Cr 0.05 0.042 0.049 0.05 0.14 0.06 0.06 0.048 0.042 0.05 0.049 0.047 0.04 0.045 0.041

E .coli 48 45 34 53 54 51 54 43 36 54 59 39 48 52 56

GWQI 44 48 56 48 51 43 37 49 54 42 57 92 48 41 42
water type Good Good Poor Good Poor Good Good Good Poor Good Poor V. Poor Good Good Good
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Figure 1: The class label distribution over the dataset. 

Table 1: The results of machine learning models. 

Model 
 

Accuracy 

Cross-Validation 

Accuracy 

Cross-Validation 

Balanced accuracy 

Dummy classifier 0.871613 0.888945 0.500000 

Logistic regression 0.897874 0.769500 0.598439 

Random forest 0.950813 0.788326 0.747457 

Balanced Random Forest Classifier 0.932055 0.688322 0.809368 

Logistic regression with proportional class weights 0.804502 0.605859 0.686354 

Random forest with proportional class weights 0.947895 0.854197 0.780058 

Logistic regression with Under-sampling SMOTE 0.794498 0.602845 0.685647 

Random forest with Under-sampling SMOTE 0.924135 0.681049 0.797367 
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Table 2: Classification report for Random forest with 

balanced class weights 
 precision recall f1-score support 

0 0.95 0.99 0.97 2091 

1 0.93 0.64 0.76 308 

accuracy   0.95 2399 

macro avg 0.94 0.82 0.86 2399 

weighted avg 0.95 0.95 0.94 2399 

 
Figure 2: The confusion matrix 

for Balanced random forest 

model. 

 
Figure 3: The confusion 

matrix for random forest 

model. 
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Table 3: The the cross validation's findings for Balanced RF 

Classifier 

Iteration recall score accuracy Balanced accuracy 

1 0.976 0.976 0.976 

2 0.981 0.972 0.972 

3 0.981 0.976 0.976 

4 0.987 0.977 0.977 

5 0.988 0.9829 0.9831 

Table 4: The results of the grid search for Balanced Random 

Forest Classifier 

 Number of Estimators Max Features Balanced Accuracy Mean Recall Score 

0 10 2 0.960613 0.942787 

1 100 4 0.978073 0.982352 

2 200 6 0.983083 0.982747 

3 1000 10 0.981615 0.983754 

4 2000 20 0.977094 0.979137 
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