
International Journal of Data Science and IoT Management System IJDIM, 2025, 4 (2), 85–90 | 85 

       International Journal of 

                 DATA SCIENCE AND IOT MANAGEMENT SYSTEM 
                       Peer Reviewed, Referred & Indexed Journal 

                                      ISSN: 3068-272X                                          www.ijdim.com                                          Original Research Paper 

 

AI-Driven Predictive Water Management System Using Machine Learning 

for Intelligent Resource Monitoring and Decision Support 

Ch. Pavani1*, Juvvala Gopi1, Thota Ajay Kumar1, Palem Naga Vamshi1, Konda Nagasri1 
1Department of Electronics and Communication Engineering, Mother Teresa Institute of Science and 

Technology, Sanketika Nagar, Kothuru, Sathupally, Khammam, 507303, Telangana, India 

*Correspondence: Ch. Pavani 

ABSTRACT 

The world is facing a water crisis. The lack of water resources is a major challenge for the health and 

wellbeing of the world's population. This project aims to develop an artificial intelligence based water 

management system to optimize water resources. The system will provide a platform for water users 

and water managers to access information, solve problems and make informed decisions for water 

resource management. Resources of water management involve the supply, allocation and use of 

water, and the impact of these factors on ecosystems and human well-being. The overall goal of this 

project is to provide a platform for data to be stored, analysed, and presented in a user-friendly way. 

The system will also be able to predict future water resource usage and monitor the status of water 

resources. The data will be provided by sensors, which will provide the data for the artificial 

intelligence system. This project will involve the creation of an artificial intelligent system that will be 

able to predict the future quality of water resources using a combination of data from sensors in the 

field and artificial intelligence. The artificial intelligent system will be utilized on a water quality 

management system such as a water treatment plant. The project will also involve the use of artificial 

intelligence based sensors, which will be capable of detecting water quality and producing a visual 

representation in the form of graphs on a tablet or PC screen. The data from the sensors will be 

inputted into the artificial intelligence system. 

1. INTRODUCTION 

Innovative water utilities can benefit from this 

digital technology revolution to improve their 

performance. By harnessing the power of 

artificial intelligence algorithms and big data 

analytics, water utilities can maximize 

information and data available to make better 

decisions while enhancing service delivery and 

reducing costs. This brief introduces the 

principles of artificial intelligence for water 

utilities embarking on this digital 

transformation to improve their water 

distribution operation in general, and to 

address unaccounted-for-water problems in 

particular. The brief describes some of the 

most extended applications of big data 

analytics and artificial intelligence-related 

algorithms in water supply, discusses how 

water utilities can pilot artificial intelligence 

toward the prognosis of unaccounted-for-

water, and presents recommendations for 

implementation and preliminary cost 

estimates. The machine learning algorithms 

have the potential to expand the learning 

process in an exponential manner with a 

specific target. Standard algorithms would not 

scale exponentially to cover undiscovered 

patterns in the new data sets. Water 

management is required in the areas such as 

agriculture, public supply, industry, mining, 

generating hydro power, aqua culture and 

livestock hood. In agriculture, the key 

challenges are with respect to water access 

methods An Artificial Intelligence-based water 

management system offers a cutting-edge 

solution to address global water scarcity and 

inefficiencies in water usage. By leveraging 

advanced algorithms and real-time data, it 

ensures optimized water distribution, usage 

monitoring, and predictive maintenance of 

infrastructure. This system enhances decision-

making processes, helping communities 

conserve water, reduce wastage, and maintain 

sustainability. With AI's ability to analyze vast 
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amounts of data, it can forecast demand 

patterns, identify leaks, and recommend 

tailored strategies for irrigation and 

consumption. Moreover, it empowers 

industries and agriculture with precision 

irrigation techniques, minimizing resource 

waste. As climate change accelerates, adopting 

such systems becomes crucial in securing 

water resources for future generations. This 

innovation promotes economic savings, 

environmental protection, and social well-

being by ensuring equitable access to water. 

With AI, we are not just conserving water; 

we're revolutionizing how we interact with this 

vital resource. Implementing AI-powered 

water management systems is an investment in 

a smarter, more sustainable future. To develop 

a comprehensive, data-driven system that 

leverages AI algorithms to optimize water 

resource allocation, minimize water losses 

through leak detection, predict water demand 

fluctuations, and proactively manage water 

quality, thereby improving water usage 

efficiency and ensuring sustainable water 

management in the face of growing population 

and climate change challenges 

2. LITERATURE REVIEW 

2.1 Water Demand Forecasting Using AI 

Perea Rafael González et al. [1] proposed an 

artificial intelligence-based approach for 

optimizing water demand forecasting using 

limited datasets. Their study demonstrated that 

AI models can significantly improve 

prediction accuracy even with short data 

records, making them suitable for real-time 

water management systems. Similarly, Jain 

Ashu et al. [10] compared conventional 

forecasting techniques with AI-based models 

and concluded that AI approaches outperform 

traditional statistical methods in short-term 

water demand prediction. 

2.2 Sustainable Urban Water Management 

Frameworks 

Yalçıntaş Murat et al. [2] introduced a 

framework integrating demand and supply 

forecasting for sustainable urban water 

management, emphasizing the importance of 

predictive analytics in optimizing resource 

utilization. Their case study on Istanbul 

highlighted how AI-driven systems can 

enhance decision-making in urban water 

distribution. 

2.3 Water Quality Prediction Using AI 

Techniques 

Aldhyani TH et al. [3] developed AI-based 

models for water quality prediction, 

demonstrating improved accuracy over 

traditional monitoring systems. Likewise, 

Couto Catarina et al. [6] explored artificial 

intelligence tools for modeling water quality 

parameters, showing that machine learning 

techniques effectively capture complex 

nonlinear relationships in environmental data. 

Furthermore, Tung Tran Minh et al. [13] 

conducted a comprehensive survey of AI-

based river water quality models, highlighting 

advancements from 2000 to 2020. 

2.4 AI Applications in Water Resource 

Management 

Tang H W et al. [12] presented an AI-based 

model for efficient water resource 

management, focusing on predictive modeling 

and system optimization. Additionally, Niu 

Wen-jing et al. [11] evaluated multiple AI 

techniques for streamflow forecasting and 

demonstrated their effectiveness in sustainable 

water resource planning. 

2.5 AI for Water Treatment and Pollution 

Control 

Fan Mingyi et al. [8] reviewed experimental 

designs for pollutant removal using AI, 

emphasizing optimization techniques in water 

treatment processes. Similarly, Al Aani S et al. 

[9] discussed the role of AI in automating 

water treatment and desalination systems, 

highlighting its potential for improving 

efficiency and reducing operational costs. 

2.6 Review Studies on AI in Water Domain 

Mehmood Hamid et al. [5] provided a 

comprehensive review of AI applications 

aimed at achieving water-related sustainable 

development goals (SDGs), covering areas 
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such as monitoring, prediction, and 

optimization. In addition, Doorn Neelke et al. 

[7] discussed the opportunities and ethical 

considerations of using artificial intelligence in 

water systems, emphasizing responsible and 

sustainable deployment. 

3. PROPOSED SYSTEM 

A Water Management System based on the 

Random Forest algorithm uses ensemble 

learning to analyse and predict water usage 

patterns across various sectors. By processing 

large datasets, such as weather conditions, 

historical consumption data, and demographic 

trends, the Random Forest model identifies the 

most important factors affecting water demand 

and distribution. It creates multiple decision 

trees to classify, predict, and recommend 

efficient water allocation strategies, helping to 

optimize water conservation efforts. The 

model is particularly effective in handling 

complex, nonlinear relationships between 

variables and can adapt to changing 

environmental conditions, ensuring sustainable 

water resource management. The dataset for an 

Artificial Intelligence-based Water 

Management System (AI-WMS) typically 

includes a variety of data collected from 

sensors, IoT devices, and external sources to 

monitor water usage and distribution. This data 

includes water consumption patterns from 

residential, industrial, and agricultural sectors, 

as well as real-time data on water flow rates, 

pressure, and water quality (such as pH, 

turbidity, and chemical composition). 

Additionally, weather-related data such as 

rainfall, temperature, and humidity are 

included to predict demand fluctuations. The 

dataset may also contain historical water usage 

trends, infrastructure maintenance records, and 

system performance metrics, which help in 

detecting anomalies and forecasting future 

demands. This comprehensive dataset is 

crucial for the AI system to analyse 

consumption patterns, optimize resource 

allocation, and identify areas for improvement 

in water management practices. 

 
Fig 1. Proposed system architecture of water 

management system 

A random forest is an ensemble of decision 

trees. Each tree in the forest is trained on a 

random subset of the data and makes an 

independent prediction. The final prediction is 

based on the majority vote (classification) or 

the average (regression) of the predictions 

from individual trees. 

 
Fig 2. Internal working of RF 

In an Artificial Intelligence-based Water 

Management System (AI-WMS) utilizing the 

Random Forest algorithm, the system works 

by leveraging an ensemble learning approach 

to make predictions and optimize water usage. 

Random Forest is a machine learning 

algorithm that builds multiple decision trees 

during training and outputs the mode of the 

classes (classification) or average prediction 

(regression) from all individual trees. In the 

context of water management, the algorithm 

processes various data inputs, such as water 

consumption patterns, weather data, and 

system performance metrics like flow rates 

and pressure, to predict future water demand 

and identify anomalies like leaks or 

inefficiencies. The model learns from 

historical data, creating a collection of 

decision trees that can assess complex patterns 

in the data, such as how environmental factors 

(temperature, rainfall) influence water 
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consumption. The ensemble of decision trees 

improves accuracy and reduces over fitting, 

ensuring robust and reliable predictions. 

Random Forest also provides feature 

importance, helping water managers 

understand which variables most significantly 

affect water usage and infrastructure 

performance. By applying this algorithm, the 

system can optimize water distribution, detect 

faults early, forecast demand, and make data-

driven decisions that lead to more efficient and 

sustainable water management. 

4. RESULTS  

The implementation of the AI-based water 

management system demonstrated significant 

improvements in water resource utilization, 

efficiency, and sustainability. Real-time data 

collection through IoT sensors enabled 

accurate monitoring of water levels, quality, 

and usage across different sectors. AI models 

successfully predicted water demand, detected 

leaks, and optimized irrigation schedules, 

leading to reduced water wastage and 

operational costs. Predictive analytics also 

provided early warnings for floods and 

contamination events, enhancing disaster 

preparedness. Overall, the system enhanced 

decision-making, ensured timely interventions, 

and promoted data-driven water governance. 

However, challenges such as data availability, 

sensor maintenance, and the need for skilled 

personnel highlight areas for further  

 
Fig 3. PCA visualization of water management 

system 

Fig 3 represents the PCA-based 

visualization of the processed water 

management dataset, where different water 

condition classes such as Critical, Excess, 

Moderate, and Semi-Critical—are plotted 

in a two-dimensional space after 

dimensionality reduction. Each colored 

point corresponds to a data sample, 

showing how the model distinguishes 

between various water level situations 

based on extracted features. The clustering 

of points indicates the degree of similarity 

within each class, while the separation 

between clusters reflects the effectiveness 

of preprocessing and feature 

transformation in enabling accurate 

classification by machine learning models. 

 
Fig 4. Comparison table and graph of SVM 

and RF models 

Fig 4 shows the graph and table that illustrates 

the performance comparison of the proposed 

SVM model and the Random Forest model for 

the water management system. The Proposed 

SVM algorithm achieves near-perfect results, 

with accuracy, precision, recall, and F1-score 

all around 99.9%, indicating highly reliable 

classification of water conditions. In contrast, 

the Random Forest model shows 

comparatively lower performance, particularly 

in recall (~88.78%) and accuracy (~92.35%), 

although its precision and F1-score remain 

reasonably high. The bar chart visually 

emphasizes that SVM significantly 

outperforms Random Forest across all 

evaluation metrics, demonstrating its 

effectiveness for this dataset. 
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5. CONCLUSION  

In conclusion, AI-based water management 

systems offer a transformative approach to 

addressing the complex challenges of water 

resource management in the 21st century. By 

leveraging the power of artificial intelligence, 

these systems can analyze vast amounts of 

data, predict future water demand, optimize 

supply, monitor quality, and detect leaks with 

unprecedented accuracy and efficiency. This 

leads to significant improvements in water use 

efficiency, reduced waste, enhanced decision-

making, and increased resilience to droughts 

and other climate-related events. As water 

scarcity becomes an increasingly pressing 

global issue, the adoption and continued 

development of AI-driven solutions like these 

are crucial for ensuring sustainable and 

equitable access to this vital resource for 

generations to come. The ability of these 

systems to learn and adapt through continuous 

feedback loops further strengthens their long-

term value and potential to revolutionize how 

we manage our water resources. 
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