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Abstract 

Rivers are essential sources of freshwater, providing drinking water for millions of people around the world. They 

support agriculture by supplying water for irrigation, enabling the cultivation of crops, and ensuring food security. 

Industries rely on rivers for water to carry out manufacturing processes and sustain economic activities. Therefore, 

River water quality is significant for the stability and protection of the ecosystem. However, conventional water 

sampling and laboratory experiments are time-consuming and resource-intensive. Hence, machine learning 

techniques — specifically, Multiple Linear Regression (MLR) — can be utilized to predict environmental factors 

by analyzing historical data and considering variables such as emissions, weather patterns, and geographical 

features. This study aims to create MLR models based on TS, TDS, EC, and DO datasets and forecast river water 

quality. A subset of the dataset is used to train the model, and the remaining data is used for validation. The water 

quality parameters data were collected from two stations along the Karnaphuli River in March 2024. According 

to trained models, the R-squared (R²) values of DO, TS, TDS, and EC range from -0.081, 0.991, 0.971, and 0.877, 

and the Root Mean Square Error (RMSE) values showed individual prediction accuracy of the parameters, 

indicating strong correlations between the predicted and measured values except DO which is not linearly related 

to the target variable. The findings of this study highlight the potential of machine learning to accurately forecast 

water quality and help to find a sustainable way to reduce laboratory work and assist decision-makers in 

anticipating water quality in the least amount of time. 

Keywords: Environmental Parameters; Water Quality; Machine Learning; Multi-Linear Regression; 

Forecasting 

 

 

1 Introduction  

The most important resource for maintaining life is water, which is essential for both human life and the existence 

of the majority of other species. Pure water is necessary for underwater living things. The species that live in water 

can only survive a specific quantity of contamination (Denchak, 2023). If contamination exceeds these allowable 

boundaries, the existence of the water species will be endangered. Depending on the particular industrial processes, 

water quality is also required for industrial usage. Groundwater and surface water are two examples of naturally 

occurring fresh water resources. But both natural and man-made processes, as well as industrial operations, have 

the potential to contaminate such resources. As a result, the degradation of water quality has been triggered by fast 

industrial development at a troubling rate. Tainted drinking water can have very detrimental implications on 

infrastructure, the environment, and human health. The United Nations (UN) states that diseases brought on by 

tainted water are responsible for up to 2.2 million annual fatalities (Godfrey Michael Shayo, 2023). Therefore, 

Different techniques must be adopted in order to predict the water quality. water is being polluted massively in 

the Karnafuli River due to the disposal of untreated effluent from industrialisation, municipality sewage, rubber 

dam, and riverbank erosion, along with the use of excessive fertiliser for agricultural production, due to which the 

water quality is being polluted (Sujan Dey, 2015). Different parameters are used to describe the water’s quality. 

Some of the important parameters are: pH, BOD, COD, Temperature, DO, Turbidity, etc.  These factors are 

significant because they have an impact on the well-being of the aquatic ecosystems of the river and the river's 

existence. Water plays a vital role in maintaining the aquatic and terrestrial ecosystems. (Jeffrey Cooper, 1998). 
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Water is an exclusive resource for Biodiversity, and it maintains the cycle between the land and atmosphere. Water 

is used for crop production, fish production, animal production, and other purposes. 

A lot of Research was carried out to predict the water quality parameters using different generated prediction 

models. Most models used in similar research are nonlinear or complex (e.g., ANN, SVM, RF).  Artificial neural 

networks (ANN) was widely used in predicting water quality parameters for irrigation purposes and were highly 

effective. The ANN successfully modelled the real water quality dataset and provided accurate predictions. The 

evaluation of the training model's performance indicated favourable results in terms of R2 and RMSE metrics. A 

study was conducted to anticipate a one-year water quality score using an artificial neural network (ANN). Water 

pollution has become a big problem, and pinpointing the precise polluted places within the river system is a 

challenging task. In order to overcome this obstacle, it became necessary to determine the contamination level. 

This was done by utilising an artificial neural network to model and predict four different water quality 

characteristics at four separate locations. These parameters consist of pH, Total Dissolved Solids (TDS), Electrical 

Conductivity (EC), and Sodium (Na) levels, respectively. The artificial neural network demonstrated significant 

predictive ability and replicated the real water quality dataset well. (J. I. Ubah, 2021). Models like GMDH, SVM, 

and ANN were used by a group of researchers (A. H. Haghiabi, 2018) in predicting the elements affecting the 

water quality of Iran's Tireh River. The study gathered a sizable dataset with numerous well-known elements, 

including pH, SO4
2-, Na, Ca, Cl, Mg, and HCO3

-. In Bangladesh, the Biological Oxygen Demand (BOD) was 

predicted for the Buriganga River. The noteworthy aspect of this study lies in the utilisation of these novel hybrid 

models, which achieved improved prediction accuracy. In this paper, the authors evaluated the performance of 

various machine learning methods for predicting water quality components in a water quality dataset, including 

RF, NN, MLR, and SVM. Among them, RF-SVM exhibited the highest R2 value of 0.908. (Nabila Nafsin, 2022).  

A few studies have been conducted specifically on the Karnaphuli River, which is a critical waterway for 

Chattogram and the surrounding regions. Among those studies, most of them used the Water Quality Index (WQI) 

for anticipating water quality. The comparative simplicity and interpretability of MLR have been underutilised in 

local contexts. Up to this day, many methods have been chosen for predicting water quality. In this study, we 

employed the multi-linear regression (MLR) approach to forecast the water quality of the Karnaphuli River. Due 

to the water quality data’s non-linear structure, predicting water quality is an arduous task. A similar study was 

performed in Kermanshah, Iran, using MLR, but the parameters examined were Total dissolved solids (TDS), 

Total hardness (TH), Sodium adsorption ratio (SAR) (Parisa Dargahi, 2022). The purpose of the study is to assess 

and evaluate the water quality of the Karnaphuli River using Multi Linear Regression as a tool of machine learning 

technique and predict the variation of water quality parameters: TS, TDS, EC, DO. The output will provide the 

idea of the suitability of the model for water quality prediction. The need for river water quality prediction for the 

economy, food supply, as well ecosystem in our country is beyond description. Our contribution here is that our 

model provides approximately 80% accuracy in predicting the water quality by giving inputs as TS, TDS, EC, and 

DO. It does, however, have some restrictions. The accuracy can further be increased if more data can be collected. 

Large dataset analysis can benefit from using this tool because it is simple to use and computationally effective. 

Furthermore, predictions can be made using linear regression, which can be used for both linear and nonlinear 

models. This is not always the case, and other modeling strategies may be more suitable when the relationship is 

nonlinear. This creates a space for future research where robustness and accuracy can be tested by comparing 

MLR results with hybrid or nonlinear models. 

 

2 Materials and Methods 

 
2.1 Data collection and final procedures  

 

We have collected the data of water quality parameters like TDS, TS, EC, and DO of two stations of the Karnaphuli 

River from 2019 to 2024 from the Department of Environment (DoE), Bangladesh. After that, we started with data 

cleaning; Since the data was in an Excel format, we undertook the task of data preparation to ensure that the 

predicted parameter was prepared properly. We must convert the dataset to numeric data to transform the raw data. 

We achieve this by converting all of the categorical labels into binary-valued column vectors. After completing 

the data cleaning process, we proceeded with pre-processing. This particular step is crucial for developing the 

model. For any missing data, it is necessary to pre-process the data by using the arithmetic mean, median, etc. 
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2.2 Study Area 

 

Karnaphuli River, a major watercourse of the Chittagong region, Bangladesh. Rising in the Mizo Hills of Mizoram 

state, northeastern India. Stations were chosen based on accessibility and pollution sources along the Karnaphuli 

River and its tributaries. A total of 400 data were collected for each water quality parameter from 4 different 

stations of the Karnaphuli River. From the 4 stations, two stations were selected. The selected stations are 

Karnaphuli River CUFL side, Anowara, Chittagong, and TSP side, Patenga, Chittagong. A map showing the 

stations from which the data has been taken is shown in Figure 1. 

 

 

Figure 1. Location of the stations of the Karnaphuli River 

 

2.3 Methods 

 

Multiple linear regression is a type of statistical analysis technique that uses values gathered from a collection of 

independent variables to estimate the target value. Because of its simplicity and speed, it is used to forecast the 

quality of the water. MLR is used to estimate the relationship between two or more independent variables and one 

dependent variable. This model describes relationships between variables by fitting a line to the observed data. 

Regression allows us to estimate how a dependent variable changes as the independent variable(s) change. It is 

likely to have a large prediction error if the MLR model is used to predict a non-linear relationship. 

The formula for a multiple linear regression is: 

𝑦 =  𝛽₀ +  𝛽₁𝑥₁ +  𝛽₂𝑥₂ + . . . + 𝛽𝑛𝑥𝑛 +                                                                                              (1) 

where β is the coefficient of the parameters, y and x are dependent and independent variables, respectively.  

while ε, i.e., error term. 

From selected stations, a total of 139 data are obtained. Based on the data, 4 MLR models are created. So, four 

types of datasets are needed to accomplish the task. In each dataset, one parameter is taken as a dependent variable, 

and the rest of the parameters are independent variables. When independent variables change, the dependent 

variable changes as well.  

The root mean square error (RMSE) and coefficient of determination (R2) were used as typical model efficiency 

statistics to evaluate the performance of the MLR models and measure the quality of compatibility between 

predicted and measured values of water parameters. The coefficient of determination (R-squared) is a statistical 

metric that is used to measure how much of the variation in the outcome can be explained by the variation in the 

independent variables. Root Mean Square Error, sometimes known as a performance indicator frequently used in 

regression analysis to assess how well a model fits the data being examined. 

 

3 Results and discussion 

 

In the first dataset, we considered EC, TS, and TDS as independent variables and DO as the dependent variable. 

The DO of the river sometimes enhances and sometimes ebbs. As factors like TS, TDS, and EC increase, they 

eventually lead to a decrease in the DO of the river. As DO decreases, and at the same time, Temperature, TDS, 
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and enhance, which helps to increase the TS of the river, and TDS changes in the same with TS, DO, and 

Temperature. Moreover, the EC of the river increases as well with DO decreases, and at the same time, TS, 

Temperature, and TDS get enhanced. The behavior of the variables is shown in Figure 2. 

 

 

 

Figure 2. Dependent variables vs. number of Samples 

                    

3.1 Output 

 

Predicted DO Actual DO 

The dataset we obtained was first pre-processed by cleaning all the data that was in the collected dataset. The 

necessary data were used for prediction purposes. In the first model, DO is predicted taking TS, TDS, and EC as 

independent inputs. By the test data, when we check the accuracy of the model,  

 

Figure 3. Predicted DO (mg/l) VS Actual DO (mg/l) 

 

Figure 3 demonstrates that the actual values of DO are scattered from the predicted value, which means it doesn’t 

fit this model. By the test data, the value of R2 of the model is -0.081. The RMSE value of the model is 0.969. 

This result indicates that for DO prediction, this model doesn’t work properly for the Karnaphuli River. In the case 

of the DO model, we were totally confronted with a different situation. Here, accuracy comes in a negative term. 

That means our DO model failed. The reason for failure is described below: 
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1. One of the main reasons the MLR model assumes a linear relationship between the data. But our obtained 

data is non-linear. That’s the prime factor for the failure of our model. 

2. DO depends on temperature, Salinity, Turbulence, and Atmospheric pressure, which are not considered 

in the model. 

 

Predicted VS Actual TS 

 
Figure 4. Predicted TS(mg/l) VS Actual TS(mg/l) 

 

Figure 4 demonstrates that actual values of TS properly fit with the predicted values; it fits properly and maintains 

the linear relationship. Here we considered TDS, EC, and DO as our input variables to find out the TS parameter. 

It can be said that the TS model can predict nearly accurate outputs. There are slight variances which is seen in 

the above graph. The accuracy of the TS model is above 99% as the R2 value of the model is 0.991, which tells 

how well the model fits overall. The RMSE value of the model is 15.693, which indicates practical insight into 

how large the errors are. 

 

Predicted TDS VS Actual TDS 

 

 
                                                             Figure 5. Predicted TDS(mg/l) VS Actual TDS(mg/l)   

 

Figure 5 demonstrates that the actual values of TDS properly fit with the predicted value of TDS. In this model, 

TS, EC, and DO were considered as input variables. The accuracy of the model is above 97% as the R2 value of 

the model is 0.971. The value of RMSE is 21.515. This result indicates that the model works properly for the 

Karnaphuli River. The accuracy of the TDS model is lower than the TS model. That means the dataset is less 

linear than the previous. In addition, TDS depends on the geology and geography of the area, Human activities, 

Climate of the area, and Infrastructure. Those factors are not considered in our ML model due to the lack of data.  

 

Actual EC VS Predicted EC 

 

Figure 6 demonstrates that the actual values of EC properly fit with the predicted values. It properly fits and 

maintains the linear relationship. Here, TS, TDS, and DO values are taken as input variables, and EC has been 

predicted from the model. The accuracy of the EC model is nearly 88% because the R2 value of this model is 

0.877. Here, it is observed that the accuracy of the model is lower than the previous models. The accuracy reduces 

mainly because we fail to consider factors like ion concentration in water, the presence of organic and other gases, 

due to the lack of data. The RMSE value of the model is 40.752. 
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Figure 6. Actual EC (µS/cm) VS Predicted EC (µS/cm) 

4 Conclusion 

In this study, Four Multiple Linear Regression (MLR) models were developed to predict key water quality 

parameters: Dissolved Oxygen (DO), Total Solids (TS), Total Dissolved Solids (TDS), and Electrical Conductivity 

(EC). The performance of each model was evaluated using the coefficient of determination (R²) and Root Mean 

Square Error (RMSE). The DO prediction model failed to explain the variance in the dependent variable with an 

R² value of -0.081. However, the TS model exhibited excellent performance, achieving the highest R² value of 

0.991 and an RMSE of 15.699. The TDS model also showed robust performance with an R² value of 0.971 and an 

RMSE of 21.515. Among the four models, the EC prediction model had comparatively lower performance than 

TS and TDS, although it showed far better accuracy (87%) than the DO model. So it can be concluded that among 

the models, TS showed the highest variance, which is 99.1%. The results confirm that MLR can serve as a reliable 

and efficient tool for predicting water quality, significantly reducing the need for extensive laboratory work. This 

study underlines the promise of data-driven approaches in environmental monitoring, offering a sustainable and 

time-saving solution for water quality assessment. The water quality of the Karnaphuli River can be anticipated 

considering the ANN model as a tool in further studies to get better accuracy of DO as well. Such models can help 

decision-makers anticipate potential water quality issues promptly, thereby supporting proactive management 

strategies and ensuring the health of both the public and the environment.  
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