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INTRODUCTION

Water resources around the world are facing growing challenges due to several factors, including climate change,
population growth, and urban expansion. These pressures have made the search for effective and sustainable water
management solutions a necessity. Within this context, artificial intelligence has emerged as an innovative tool
capable of transforming how water-related data is collected, analyzed, and forecasted. This transformation enables
more precise and proactive decision-making in water management.

The objective of this study is to explore the potential of AI technologies in monitoring and analyzing water
resources data. It highlights the most recent technological tools and assesses their effectiveness in improving
environmental planning and management. This research also seeks to examine the practical applications of these
technologies in addressing key issues such as water quality deterioration, inefficient distribution, and poor
management. In doing so, it offers advanced case models that can guide implementation.

THE significance of this research lies in its engagement with one of today’s most pressing environmental issues. It
connects technological advancement with the goal of sustainable water resource management. The study also
reflects the global trend toward integrating Al technologies into smart water management systems.

This paper adopts both analytical and descriptive approaches. It analyzes intelligent models and systems used in
monitoring and data processing, while also offering a detailed classification of technologies, tools, and their real-
world applications.

From this perspective, the central question of the study is as follows: To what extent can artificial intelligence
technologies enhance the monitoring and analysis of water resources and support effective
environmental decision-making?

To address this question, we followed a structured research plan based on two main axes:

Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons Attribution License 1222

which permitsunrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


mailto:h.ouadah@cu-maghnia.dz

Journal of Information Systems Engineering and Management

2025, 10(4)

e-ISSN: 2468-4376

https://www.jisem-journal.com/ Research Article

First Axis: The emerging technologies used in the monitoring and analysis of water data. This includes smart
sensors, satellites, as well as analytical tools such as machine learning, deep learning, and various types of
predictive models.

Second Axis: The practical applications of these technologies in the management of water resources. This involves
analyzing water quality, supporting decision-making processes, developing water conservation strategies, and
setting priorities for addressing related issues.

First Axis: Emerging Technologies in Monitoring and Analyzing Water Data

Given the critical importance of water resources—especially in light of accelerating climate change and the
increasing focus on water sources—it has become necessary to adopt more comprehensive and effective
technologies for data collection and analysis. In recent years, new tools have been introduced to improve the
monitoring of water data. These include technologies that utilize artificial intelligence for data analysis. The aim of
these innovations is to achieve higher accuracy in order to support sound decision-making in the field of water
resource management'.

First: Modern Technologies in Water Data Monitoring

The field of water data monitoring has witnessed notable developments. Traditional measurement tools have
evolved into intelligent systems based on remote sensing. These systems are now used to track physical, chemical,
and even biological changes in water. This progress contributes significantly to guiding water resource management
policies with greater precision. In this context, smart sensors, satellites, and unmanned aerial vehicles (UAVs) have
become complementary tools in the observation and analysis of aquatic environmental systems.

1. Smart Sensors

Smart sensors are advanced systems that integrate sensing functions, digital data processing, and network
communication into a unified structure. These devices are capable of collecting and processing environmental data
through embedded processing units. Based on the collected information, they can either transmit the results to
external systems or take automated actions. Their design allows for real-time interaction with the surrounding
environment, offering efficient and accurate support for monitoring water systems'.

In the field of water resources, smart sensors work by continuously collecting data. After processing, the data is sent
to control platforms or intelligent software systems. These are used in various applications, such as water quality
monitoring and the management of water resources in smart cities.

Below are the main components of smart sensor systems:

A. Software and Applications This part illustrates how efficiency can be improved and how innovative solutions
can be offered in the water sector. It enables the presentation and analysis of collected data, and is also used to
generate reports and visualizations for end users.

B. Sensing Unit The sensing unit is a core component of smart sensors. It includes piezoelectric and thermal
sensors. This unit also integrates advanced tools such as water level detectors, dissolved oxygen sensors, total
dissolved solids sensors, nutrient sensors, and electrical conductivity meters.

C. Processing Unit This unit processes the data collected by the sensors. It includes programmable control
systems such as the PiC32 MX250F128B processor from Microchip Technology. This processor is known for its
suitable speed to meet bandwidth requirements. The unit also uses microcontrollers and employs artificial
intelligence techniques. These include artificial neural networks and machine learning, which help in the precise
analysis of data and in predicting water quality.

D. Power System The power system provides energy to the processing units. Power sources include rechargeable
batteries capable of supplying high energy density, such as Li-Polymer and Li-ion batteries. Energy can also be
generated through piezoelectric crystals or solar cellsii,
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Features of Smart Sensors in the Water Sector

These are the technical standards that enable smart sensors to perform accurate monitoring and real-time
intervention. The key features include:

A. Self-processing capability through an embedded processing unit, which analyzes the data before transmission.
This reduces the need to send raw data to servers.

B. High measurement precision, with accuracy reaching +0.01 for chemical units such as pH or dissolved oxygen
(DO).

C. Autonomous adaptation and analysis, including regular self-calibration and condition monitoring. The system
can also automatically report malfunctions or technical errors.

D. Sustainability and reliability, as the devices are resistant to corrosion and water exposure, which ensures
durability in aquatic environments".

2, Satellites and Unmanned Aerial Vehicles (Drones + GPS)

According to the European Space Agency, satellites are used in a range of applications, including the monitoring of
both surface and groundwater resources. This allows for the collection of precise data on water availability, both in
terms of spatial and temporal distribution, as well as water quality. These assessments rely on several indicators
such as temperature, chlorophyll concentration, and suspended materials.

Once the data is evaluated, appropriate measures can be taken to reduce any negative impacts and ensure the
sustainable use of water resources. Satellites also play a role in tracking climate change and monitoring its effects
on water systems. One example of a satellite used in this field is Sentinel-3"

As for unmanned aerial vehicles (UAVs), they are airborne platforms that usually come in medium or small sizes
and operate without a human crew onboard. These vehicles are remotely operated and controlled. UAVs have
proven to be effective tools with precise impact in the field of water resource management.

They rely on sensors that measure and assess water conditions while monitoring environmental changes and
potential pollution sources that may affect water quality. UAVs are also used to observe water infrastructure and
aquatic ecosystems. This supports the development of strategies and action plans for managing water resources
more effectively .

Second — Analytical Techniques Using Artificial Intelligence

Analytical techniques are among the core pillars in the monitoring, examination, and interpretation of data. They
play a central role in extracting information that supports decision-making and policy development across various
fields. These techniques involve a wide range of tools and both mathematical and statistical models, which makes
them essential in management and scientific research.

1. Machine Learning

Machine learning is a branch of artificial intelligence that enables systems to learn from available data and detect
patterns. This allows them to reach conclusions based on the insights extracted from those patterns*'.

It is, therefore, a scientific field that relies on algorithms to detect recurring patterns in data, which may include
numbers, words, or statistical values."..

Accordingly, machine learning is concerned with improving the accuracy of water quality monitoring. This applies
to both continuous and intermittent data analysis for indicators such as pH levels and heavy metal concentrations.
It relies on methods like artificial neural networks and multiple linear regression. Thus, machine learning has
become important in the analysis, classification, and prediction of water quality.™

2. Deep Learning

Deep learning is classified as a form of representational learning. In this approach, artificial neural networks learn
from data by building and adjusting multi-level representations. These representations are refined through
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repetition to improve outcomes. The algorithms make use of advanced computing power and the widespread
application of artificial intelligence through multiple nonlinear transformations*

Deep learning is used in analyzing data related to water quality monitoring. This supports rapid response in
protecting the environment and managing water resources by forecasting future water levels. In this context,
researchers apply various deep learning models to analyze data collected from sensors, such as those that measure
water levels and chemical concentrations. This contributes to more effective water resource management.*.

From the above, it is clear that deep learning is an advanced branch of artificial intelligence. It relies mainly on
multilayer artificial neural networks to process complex, high-dimensional data. This allows the system to
automatically learn hidden patterns and relationships without human intervention in feature selection. As a result,
it brings a significant shift in how water resources are understood and managed by providing highly accurate
models*,

3- Predictive Models: These refer to statistical tools used to analyze and forecast outcomes related to water data.
They are based on various techniques depending on the scope of the study. Such models are applied in planning
water resource management, predicting floods and droughts, and analyzing water quality by monitoring and
anticipating environment-related pollution. .

Predictive models in water analysis serve as digital or mathematical tools designed to simulate and understand the
dynamic behavior of hydrological systems. They rely on physical or statistical equations, and in some cases, hybrid
models that combine both physical equations and data. These models are used to estimate variables such as
groundwater levels, surface runoff, or to assess water demand. They are based on key components that include data
input, algorithms that describe calibrated water processes, validation, and forecasting. This approach enhances
accuracy in sustainable water resource planning*".

Algorithms in predictive models learn from data to adjust and improve future forecasts, which enhances the
accuracy of the model. Artificial neural networks are also used in water data analysis by relying on the input
variables®

A. Regression Models

Regression models are statistical tools used to identify the relationship between a dependent variable (Y) and one
or more independent variables (x1, x2, ...). The main purpose of these models is to estimate the effect of the
independent variables on the dependent one. They are widely applied in various fields, including engineering,
environmental studies, and water data analysis*"

In the field of water data monitoring and analysis, regression models are used to examine the relationship between
a dependent variable—such as groundwater level—and independent variables like temperature. This helps inform
decision-making related to water management.

In addition, multiple linear regression models are applied to estimate hydrological variables based on independent
predictors. These models also support knowledge transfer from monitored locations to areas with limited or no
direct data*'i.

Among the most important types of regression models are the following:

e Simple Linear Regression: This model takes the form y = Bo + Bix + ¢ and is used to predict the value
of a dependent variable based on a single independent variable, assuming a linear relationship between
them.

¢ Multiple Linear Regression: Expressed as y = Bo + Bix1 + Ba2x2 + ... + Bpx,, + ¢, this model includes
more than one independent variable. It is applied when the dependent variable is influenced by multiple
predictors with linear relationships.

¢ Constrained Regression: This type introduces constraints on the model coefficients to reduce their
values. It helps improve generalization and reduce variance. Key methods include ridge regression (L2
penalty), lasso regression (L1 penalty), and elastic net regression, which combines both L1 and L2 penalties.
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¢ Kernel-Based Regression: Used when the relationship between variables is nonlinear and complex. It
applies kernel functions to map the data into a higher-dimensional space where linear regression
techniques can be applied.

e Basis Expansion and Regularized Regression: These models are used when the relationships
between variables are both nonlinear and complex. They expand the independent variables using basis
functions such as polynomial expansions or smoothing functions. Examples include regression with
polynomial basis expansions, non-parametric logistic regression, and smoothing-based regression. These
methods aim to reduce variance and improve model generalization™i,

B. Time Series Models

Time series models are used in water data analysis to identify temporal patterns related to hydrological
phenomena. These include monitoring groundwater levels, river flows, and rainfall amounts. The goal is to
understand the behavior of these phenomena over time and to forecast future values based on historical data.

Well-known techniques such as ARIMA, SARIMA, and GARCH are commonly applied in this field. They are used to
analyze water-related data and produce accurate forecasts that support and enhance decision-making in water
resource management**,

Accordingly, this model is considered a fundamental statistical tool for analyzing various data related to water
resources recorded over a period of time. It is widely used in the study of dynamic natural phenomena. The model
follows a structured approach that begins with data analysis and the identification of series characteristics. After
that, a suitable model is selected, and its parameters are evaluated using specific techniques. The model is then
estimated using residual analysis or AIC/BIC criteria. Based on these steps, the model can be used for forecasting or
simulating different scenarios*x.

C. Physical Hydrological Models

Physical hydrological models are based on fundamental physical principles used to simulate and analyze water
movement in natural environments. These include laws of motion, interactions between water, soil, and vegetation,
as well as thermal conductivity. The main goal of these models is to study hydrological processes such as surface
runoff, infiltration, evaporation, and water storage.

These models are especially important for water resource management. They allow for the representation of
changes in physical parameters, making it possible to apply them to ungauged catchments and assess the impact of
environmental changes™ .

Physical hydrological models are based on conservation equations, such as the Richards equation for subsurface
flow, the Saint-Venant equation for surface flow, and the advection-dispersion equation for pollutant transport.
These models are known for their ability to represent variations in physical parameters®¥.

Axis Two: Applications of Artificial Intelligence in Monitoring and Analyzing Water Data

The application of various artificial intelligence (AI) technologies in monitoring and analyzing water-related data
presents a promising approach. These tools deliver faster and more accurate results due to their ability to process
large volumes of complex information. This capability marks a step forward in achieving intelligent and sustainable
water resource management.

This section examines how AI supports water resource management, protects water from pollution, and aids
decision-making in environmental policy.

I. Water Resource Management Using Artificial Intelligence

Water resource management faces growing challenges. These include rapid climate change, rising demand, and the
declining availability of water in many regions. In this context, adopting technologies that enhance efficiency and
promote sustainability has become essential.
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1. Using Artificial Intelligence in Water Distribution

Water distribution systems can be improved through the integration of AI tools. These tools contribute in several
key ways:

¢ Al in Water Distribution Network Management Al is used to manage water distribution networks
with the aim of reducing losses and improving efficiency. Techniques such as machine learning, deep
learning, and predictive algorithms are employed to minimize unintentional water loss and ensure optimal
distribution.

¢ Leak Detection Al can support the early detection of leaks by analyzing sounds generated within the
network. This method allows for precise localization of leaks, leading to faster repairs and reduced water
loss.

¢ Pressure Optimization Al tools help optimize pressure at critical points in the network, significantly
reducing leak rates and preserving system integrity.

e Energy Efficiency in Pump Operations Al contributes to better energy management by optimizing
pump operations, which lowers operational costs and improves system performance.

From the above, it is clear that incorporating Al technologies into water distribution systems enhances the overall
efficiency and reliability of the network

B. The Use of Artificial Intelligence Algorithms to Analyze Water Flows and Predict Future Water
Demand

Artificial intelligence (AI) algorithms refer to the structured steps and instructions designed to analyze water flow
and forecast future water needs. These algorithms are implemented through machine learning models, including
support vector machines, artificial neural networks, and deep learning systems. Practical applications of these
models include the following:

e Forecasting Water Demand Using the AlI-Forecast Tool This tool processes data, detects
anomalies, and completes missing information. It relies on advanced models such as multilayer neural
networks and support vector regression. These capabilities support more efficient water resource
management.

e Artificial Neural Networks (ANNs) These networks are designed to learn complex patterns in water
consumption data and forecast future demand levels.

¢ Support Vector Machines (SVMs) These models classify data and predict water demand based on
multiple input variables.

e Hybrid Models These systems combine several techniques, such as integrating neural networks with
algorithms, to improve the accuracy of water resource forecasting.

¢ Long Short-Term Memory (LSTM) Models LSTM networks are used to analyze time-series data and
to predict long-term water demand™".

2, The Use of Artificial Intelligence Technologies in Water Quality Analysis

The integration of artificial intelligence (AI) technologies in the analysis of water quality takes various forms,
especially given its direct impact on human health and ecosystems. These developments include the use of smart
sensors combined with machine learning models to detect water pollution.

Today, water quality analysis increasingly relies on the Internet of Things (IoT) and intelligent sensors, which
enable accurate data collection and processing. Among the most important sensors used to assess the physical and
chemical properties of water are the following:

e pH Sensor: Measures the acidity or alkalinity of water, indicating its suitability for use.
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¢ Electrical Conductivity Sensor: Assesses the concentration of dissolved ions by measuring the water’s
ability to conduct electricity, which may signal chemical contamination.

¢ Dissolved Oxygen Sensor: A low reading may indicate chemical or organic pollution, which negatively
affects aquatic life.

e Temperature Sensor: Influences the rate of chemical dissolution and biological activity in water.

¢ Turbidity Sensor: Measures suspended particles. High turbidity levels are linked to a decline in water
quality.

¢ Free Chlorine Sensor: Used in water treatment systems to monitor disinfectant levels.

¢ Ion-Selective Sensors: Detect concentrations of specific ions such as nitrate, calcium, ammonium, and
sodium, helping to identify particular types of pollution.

e Heavy Metal Sensors: Detect the presence of metals such as lead, mercury, and cadmium. These sensors
often require spectroscopic or electrochemical analysis.

e Optical Sensors: Rely on spectrometry or fluorescence to examine water color and detect organic
pollutants®.

B. Artificial Intelligence Techniques Used to Analyze Chemical and Biological Pollution in Water
Sources

These techniques are applied by integrating AI with spectral analysis, microfluidics, and artificial neural networks.
Some of the most notable methods include:

e Al-supported Spectral Analysis: This technique is used to detect trace organic pollutants in water.
Spectral data are collected and analyzed using machine learning algorithms. Examples include radiation
devices and multilayer neural networks. Such methods achieve up to 85% accuracy in classifying the
concentration of organic pollutants by relying on deep learning algorithms.

e Artificial Neural Networks and Deep Learning Techniques: These are employed to model and
improve water treatment processes, such as electrocoagulation, electrooxidation, and electroflotation.
These Al-based techniques enhance the performance of existing treatment models.

e Al-supported Microfluidic Systems: These systems detect contaminants such as heavy metals,
microplastics, pesticides, and microalgae. Specific algorithms enable detection accuracy reaching
approximately 99% for microplastics.

¢ Electronic Nose Detection Systems: These devices simulate the human sense of smell to identify
volatile compounds in water. They include chemical sensors and pattern recognition technologies that
generate signals used to characterize odors.

¢ Real-time Monitoring Using AI: This approach enables precise detection of bacterial levels with
accuracy near 87%. It relies on measuring parameters such as pH, turbidity, temperature, ammonia, and
dissolved oxygen. These measurements support bacterial level estimation and produce half-hourly
predictions through a dedicated application™',

Second: Supporting Environmental Decision-Making and Policies Using Artificial Intelligence

Artificial intelligence (AI) stands out as a modern technological tool that aids in formulating environmental policies
based on precise scientific foundations. It facilitates the collection and analysis of environmental data, providing
predictive insights that help identify environmental phenomena, particularly in the field of water resources. This
capability promotes more efficient and sustainable policy and decision-making.
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1. Enhancing Environmental Decision-Making Related to Water Protection and Management:

This is achieved by integrating AI technologies and models with traditional statistical methods. Such integration
ensures effective data handling in water resources and improves the reliability of decisions made.

A. The Role of AI in Water Protection: Al helps identify factors that affect water safety and quality. This
includes monitoring variables like nutrient pollution—such as nitrogen and phosphorus—and providing early
warnings about potential contamination events. Continuous monitoring and accurate predictions support targeted
and effective preventive interventions.

B. The Role of AI in Water Management: Al technologies enhance the resilience of water resource systems by
reducing leakage and waste. They enable timely intervention through real-time monitoring and analysis of storage
levels, flows, and water quality.

C. Applications of AT Models: Among the key Al techniques in this context are neural networks and cluster
analysis, which are combined with statistical analysis. This approach offers effective mechanisms for accurately
characterizing environmental problems and proposing optimal solutions. Consequently, AI-driven environmental
decision-making becomes proactive and precise, guiding the formulation of effective environmental policies.*".

2- Defining Water Conservation Strategies and Prioritizing Actions to Address Water Issues:

Water resources face increasing challenges due to multiple factors and conditions. Therefore, it has become
essential to adopt effective strategies to conserve this vital resource while setting clear priorities to address these
issues.

A. Water Conservation Strategies:

¢ Demand Management: This involves rationalizing household consumption through installing water-
saving devices such as low-flow faucets. It also includes improving agricultural water use efficiency by
adopting drip irrigation or deficit irrigation instead of flood irrigation. Additionally, reusing greywater and
applying tiered water pricing that links cost to consumption volume can motivate conservation.

¢ Infrastructure Improvement: Maintaining water networks reduces losses caused by leaks. Smart
network control is achieved by using sensor systems to monitor pressure, leakage, and flow. There is also a
focus on seawater desalination employing low-energy technologies like reverse osmosis. Rainwater
harvesting through the construction of reservoirs and dams, along with groundwater recharge by injecting
treated water or rainwater into aquifers, is encouraged.

¢ Integrated Water Resources Management: This is realized by coordinating between various sectors
such as agriculture, industry, and local communities.

B. Prioritizing Actions to Address Water Problems:

Priorities should be determined based on the severity of the problem and the feasibility and impact of
interventions:

¢ Reducing Losses in Distribution Networks: This is the quickest and most cost-effective method to
improve efficiency compared to larger projects like desalination plants or dam construction.

e Enhancing Agricultural Water Use Efficiency: Since agriculture consumes over 70% of fresh water,
saving more than 40% of this amount is possible by introducing modern irrigation technologies.

e Reusing Treated Wastewater: This can be applied in areas such as industrial irrigation or potable use
after advanced treatment, thereby reducing pressure on natural water sources.

e Updating and Upgrading Relevant Policies and Legislation: Governments, decision-makers, and
legislators should be supported to encourage and promote investment in innovative solutions that regulate
consumption and protect water resources™V,
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CONCLUSION

This study concluded that artificial intelligence (AI) technologies form a fundamental pillar in enhancing the
monitoring and analysis of water resources. These technologies rely on advanced tools such as smart sensors,
drones, and satellites, which provide high-resolution data. Additionally, machine learning, deep learning, and
predictive models have proven effective in interpreting water data and forecasting future scenarios. This
significantly supports intelligent management plans for water resources and supply.

One of the key findings of this research is that integrating AI in water management, distribution, and quality
analysis can improve water use efficiency and aid in crisis prediction. Moreover, Al plays a central role in
supporting environmental decision-making by offering precise mechanisms and tools to prioritize actions and
strategies in the water sector.

The following recommendations and suggestions are proposed within this context:
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Develop an integrated digital infrastructure that includes smart sensor networks, centralized databases,
and Al-supported analytical platforms. This infrastructure aims to collect and analyze water data in real-
time with high accuracy.

Adopt specialized training programs for technical staff in AT and hydrology fields to ensure efficient system
operation and data analysis.

Integrate AI algorithms into environmental decision-making systems through interactive dashboards.
These tools assist decision-makers in selecting the most suitable scenarios for managing water resources
amid rapid climate change.

Foster partnerships between the public and private sectors to develop digital solutions for drought
prediction, pollution analysis, and demand-driven water distribution.

Establish AI units within institutions concerned with water and the environment. These units would be
responsible for data analysis and providing immediate recommendations to relevant authorities.
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