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ABSTRACT - Rapid urbanization, industrial activity, and rising automobile emissions all contribute to air
pollution, a serious environmental and health concern. Accurate air quality monitoring and prediction are
critical for both environmental preservation and efficient policymaking. Advanced methods for processing
huge environmental information and identifying trends that impact air quality levels are provided by machine
learning (ML) approaches. By examining environmental variables including temperature, humidity, wind
speed, and pollutant levels like PM2.5, PM10, CO, NO-, and SO, this study emphasizes the use of machine
learning algorithms to predict air pollution. To analyze past data on air quality and generate accurate forecasts,
a variety of machine learning models, including Support Vector Machine, Decision Tree, Random Forest, and
Linear Regression, are employed. These models offer superior forecasting performance as compared to

conventional statistical methods.
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1. INTRODUCTION

Air pollution has become one of the most serious environmental challenges in recent decades, particularly in
rapidly urbanizing regions. The growth of industrial activities, increased vehicular emissions, population
expansion, and energy consumption have significantly contributed to the deterioration of air quality across
many cities worldwide. Poor air quality poses severe risks to human health, leading to respiratory diseases,
cardiovascular disorders, and other long-term health complications. In addition to its impact on public health,
air pollution also affects ecosystems, climate patterns, and overall environmental sustainability. Therefore,
continuous monitoring and accurate prediction of air pollution levels have become essential for effective
environmental management and policymaking. The Air Quality Index (AQI) is widely used to represent the
concentration of major pollutants such as particulate matter (PM2.5 and PM10), carbon monoxide (CO),
nitrogen dioxide (NO2), and sulfur dioxide (SO-). Traditional air quality monitoring systems rely primarily on
statistical analysis and fixed monitoring stations. Although these methods provide useful information about
current pollution levels, they often lack the capability to accurately forecast future pollution trends, especially

when dealing with large and complex environmental datasets. Recent advancements in data analytics and
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machine learning have opened new possibilities for improving air pollution prediction. Machine learning
techniques are capable of analyzing large volumes of historical environmental data, identifying hidden
patterns, and generating accurate predictive models. By incorporating environmental parameters such as
temperature, humidity, wind speed, and pollutant concentrations, machine learning algorithms can provide
reliable forecasts of future air quality conditions. This study focuses on developing a data-driven air pollution
prediction model using various machine learning algorithms, including Linear Regression, Decision Tree,
Random Forest, and Support Vector Machine (SVM). By analyzing historical air quality data and
environmental variables, the proposed approach aims to improve the accuracy of air pollution prediction and

support proactive decision-making for environmental monitoring and public health protection.
LITERATURE REVIEW

Air pollution has become a major environmental concern due to rapid industrialization, urbanization, and the
growing number of vehicles in modern cities. High concentrations of pollutants such as particulate matter
(PM2.5 and PM10), nitrogen dioxide (NO-), sulfur dioxide (SO2), and carbon monoxide (CO) significantly
affect human health and environmental sustainability. Accurate monitoring and prediction of air pollution
levels are essential for taking preventive measures and supporting environmental policy decisions. Traditional
statistical forecasting methods have been widely used for air quality prediction; however, these approaches
often struggle to handle complex and large environmental datasets.

In recent years, machine learning techniques have gained significant attention for air pollution prediction
because of their ability to analyze large volumes of historical environmental data and identify hidden patterns.
Machine learning models can process multiple environmental parameters such as temperature, humidity, wind
speed, and pollutant concentrations to generate accurate forecasts of air quality levels. Several researchers
have explored different machine learning algorithms to improve prediction accuracy and enhance

environmental monitoring systems.
2.1 Machine Learning Approaches for Air Pollution Prediction

In the research paper titled “Air Pollution Prediction Using Machine Learning Algorithms,” the authors
explored the application of machine learning techniques for forecasting air quality levels. The study analyzed
historical air pollution data along with meteorological parameters including temperature, humidity, and wind
speed. Various machine learning models such as Linear Regression, Decision Tree, and Random Forest were
implemented to predict pollutant concentrations and Air Quality Index (AQI). The experimental results
indicated that ensemble models such as Random Forest produced more accurate predictions compared to
traditional statistical models. The study concluded that machine learning techniques provide a reliable

approach for analyzing environmental data and predicting air pollution trends.

IJNRD2604605 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org) g42



https://ijnrd.org/
http://www.ijnrd.org/

}é, INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) a
'“léé-o © 2026 IJNRD | Volume 11, Issue 4, April 2026 | ISSN: 2456-4184 | [INRD.ORG e O bl

2.2 Air Quality Prediction Using Random Forest

The study titled “Air Quality Prediction Using Random Forest Algorithm” investigated the performance
of the Random Forest model for forecasting air pollution levels. The research utilized historical air quality
data containing pollutant concentrations and meteorological factors. Random Forest was used because of its
ability to handle nonlinear relationships and complex environmental data. The results demonstrated that the
Random Forest algorithm achieved high prediction accuracy and reduced forecasting errors compared to single
decision tree models. The authors highlighted that ensemble learning methods are highly effective for air

quality prediction and can support real-time environmental monitoring systems.
2.3 Support Vector Machine for Air Pollution Forecasting

Another significant study titled “Air Pollution Forecasting Using Support Vector Machine” examined the
effectiveness of the Support Vector Machine (SVM) algorithm in predicting air pollution levels. The research
focused on analyzing pollutant concentrations and meteorological variables to forecast future AQI values. The
SVM model was trained using historical air quality datasets and evaluated using performance metrics such as
prediction accuracy and error rate. The results showed that SVM could effectively model nonlinear
relationships between environmental factors and pollutant levels. The study concluded that SVM-based

prediction models can significantly improve the accuracy of air pollution forecasting systems.
3. EXISTING SYSTEM

Traditional air pollution monitoring and prediction systems primarily rely on conventional statistical models
and fixed monitoring stations to measure and report pollutant levels. These systems collect environmental
data such as concentrations of particulate matter (PM2.5, PM10), nitrogen dioxide (NO-), sulfur dioxide (SO-),
and carbon monoxide (CO) from monitoring sensors installed in specific locations. The collected data is then
analyzed using basic statistical techniques to determine current air quality conditions and calculate the Air
Quality Index (AQI). Although these methods provide useful information about the present state of air

pollution, they often have limitations in accurately predicting future pollution levels.

Most existing systems depend on linear statistical models and rule-based forecasting techniques that
assume simple relationships between environmental parameters. However, air pollution is influenced by
multiple complex factors including meteorological conditions, traffic density, industrial emissions, and
seasonal variations. Traditional models often struggle to capture these nonlinear relationships within large

environmental datasets, which reduces prediction accuracy.

Another limitation of existing systems is their limited capability for real-time analysis and large-scale data

processing. Conventional approaches may not efficiently handle the increasing volume of environmental data
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generated by modern monitoring systems. As a result, forecasting results may not always be sufficiently

accurate for early warning systems or proactive environmental management.

Furthermore, many traditional monitoring systems focus mainly on data collection and reporting rather
than predictive analysis. This restricts the ability of environmental agencies and policymakers to anticipate

pollution trends and take preventive measures in advance.
4. PROPOSED WORK

The proposed system focuses on developing a data-driven air pollution prediction model using machine
learning algorithms to accurately forecast air quality levels. The objective of this work is to analyze historical
air quality data along with meteorological parameters and generate reliable predictions of the Air Quality

Index (AQI) and pollutant concentrations.

In the proposed framework, environmental datasets containing pollutant concentrations such as PM2.5, PM10,
CO, NOz, and SO: are collected along with meteorological variables including temperature, humidity, and
wind speed. These parameters play a critical role in influencing air pollution levels and are therefore used as

input features for the predictive models.

The collected dataset undergoes a data preprocessing stage, which includes handling missing values,
removing noise, and normalizing the data to ensure consistency. Preprocessing improves the quality of the
dataset and enhances the performance of machine learning algorithms. After preprocessing, feature selection

techniques are applied to identify the most significant variables that influence air pollution levels.

Once the relevant features are identified, multiple machine learning models are implemented to perform
prediction tasks. In this study, algorithms such as Linear Regression, Decision Tree, Random Forest, and
Support Vector Machine (SVM) are used to train predictive models using historical environmental data.
These algorithms are capable of capturing both linear and nonlinear relationships between environmental

factors and pollutant concentrations.

Among these models, Random Forest is particularly effective due to its ensemble learning approach, which
combines multiple decision trees to improve prediction accuracy and reduce overfitting. Similarly, Support
Vector Machine (SVM) is utilized to model complex nonlinear relationships between environmental

variables and air pollution levels.

The trained models are evaluated using performance metrics such as prediction accuracy, mean squared
error (MSE), and root mean square error (RMSE). The model with the best performance is then used to

generate accurate air pollution forecasts.
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The proposed system enables early prediction of air pollution levels, allowing environmental agencies and
policymakers to take preventive measures. By leveraging machine learning techniques, the system improves
the accuracy of air quality forecasting and supports effective environmental monitoring and public health

protection.

Working Principle of the Proposed Air Pollution Prediction System
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Fig 4.1 STATING THE WORKING PRINCIPLE OF PROPOSED WORK
5. METHODOLOGY

The methodology describes the structured framework used to implement the proposed machine learning—based
air pollution prediction system. The objective of the system is to analyze environmental and meteorological
data to accurately predict air pollution levels and the Air Quality Index (AQI). The proposed methodology
consists of several stages including environmental data collection, feature extraction, machine learning model
training, and air pollution prediction analysis. These stages enable the system to learn patterns from historical

environmental data and generate accurate predictions of pollutant concentrations.
5.1 Environmental Data Collection

The first stage of the proposed system involves collecting environmental data related to air quality and
meteorological conditions. The dataset includes pollutant concentrations such as PM2.5, PM10, Carbon
Monoxide (CO), Nitrogen Dioxide (NO-), and Sulfur Dioxide (SO-) along with meteorological parameters

such as temperature, humidity, and wind speed.
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These data are obtained from air quality monitoring stations and publicly available environmental datasets.
The collected data represent the environmental conditions over different time periods and locations. Since air
pollution levels are influenced by various environmental factors, the dataset provides the necessary

information required for training machine learning models to analyze pollution trends.

The collected environmental data is stored in a structured database where it can be processed and analyzed for
further prediction tasks.

5.2 Feature Extraction and Data Preprocessing

After collecting the environmental data, the system processes the raw dataset to extract meaningful features
that influence air pollution levels. Data preprocessing is performed to clean the dataset and remove

inconsistencies that may affect model performance.

During preprocessing, missing values in the dataset are handled using appropriate techniques such as mean
value replacement or interpolation. Outliers and irrelevant data are also removed to improve data quality. In
addition, normalization is applied to scale the environmental variables into a consistent range so that all
features contribute equally during model training.

Feature extraction identifies the most significant environmental parameters that influence air pollution, such
as pollutant concentration levels and meteorological conditions. These extracted features are used as inputs
for the machine learning models to predict air pollution levels.

5.3 Machine Learning Model Training

Once the environmental features are extracted, the next stage involves training machine learning models to
identify patterns associated with air pollution levels. Several machine learning algorithms are implemented to

analyze the dataset and generate predictive models.

The algorithms used in this study include Linear Regression, Decision Tree, Random Forest, and Support
Vector Machine (SVM). These algorithms are trained using historical environmental data so that they can

learn the relationship between environmental factors and pollutant concentrations.

During the training process, the models analyze the input features and adjust their parameters to minimize
prediction errors. Ensemble learning techniques such as Random Forest help improve prediction accuracy by
combining multiple decision trees, while Support Vector Machines are effective in capturing complex

nonlinear relationships within environmental datasets.
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5.4 Air Pollution Prediction and Monitoring

In the final stage, the trained machine learning model is used to predict air pollution levels based on new
environmental input data. The system analyzes the meteorological conditions and pollutant concentrations to

estimate the Air Quality Index (AQI) and future pollution trends.

If the predicted pollution levels exceed safe environmental thresholds, the system can provide early warnings
or alerts to environmental monitoring agencies. This enables authorities to take preventive actions such as

traffic control, emission reduction strategies, or public health advisories.

By continuously analyzing environmental data and generating predictions, the proposed system supports
proactive air quality monitoring and helps reduce the impact of air pollution on human health and the

environment.
6. RESULTS AND DISCUSSION

The performance of the proposed air pollution prediction system was evaluated to determine its effectiveness
in forecasting air quality levels based on environmental and meteorological data. The experimental analysis
focused on assessing the ability of different machine learning algorithms to accurately predict pollutant

concentrations and the Air Quality Index (AQI).

The dataset used for the experiment consisted of environmental parameters such as PM2.5, PM10, Carbon
Monoxide (CO), Nitrogen Dioxide (NO:), Sulfur Dioxide (SO:), temperature, humidity, and wind speed
collected from air quality monitoring stations. To ensure reliable model evaluation, the dataset was divided
into training, validation, and testing subsets. The training dataset was used to train the machine learning

models, while the testing dataset was used to evaluate prediction performance on unseen data.

Several machine learning algorithms including Linear Regression, Decision Tree, Random Forest, and
Support Vector Machine (SVM) were implemented to analyze the dataset and generate air pollution
predictions. The performance of these algorithms was evaluated using standard regression metrics such as
Mean Squared Error (MSE), Root Mean Square Error (RMSE), and prediction accuracy. These metrics
help measure the difference between predicted and actual pollution levels and provide insight into the
reliability of the models.

The experimental results demonstrate that the machine learning models are capable of identifying patterns
between meteorological conditions and pollutant concentrations. Among the implemented algorithms, the
Random Forest model achieved the highest prediction accuracy and lowest prediction error, indicating
its ability to effectively capture complex relationships within environmental datasets. The ensemble learning

mechanism used in Random Forest improves prediction stability by combining multiple decision trees.
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The Decision Tree model also produced reliable predictions but showed slightly higher error rates compared
to Random Forest. Linear Regression, while useful for identifying linear relationships between variables, was
less effective in capturing complex nonlinear interactions present in air pollution data. The Support Vector
Machine (SVM) model demonstrated good prediction capability but required careful parameter tuning for

optimal performance.
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Fig. 6.1 Efficiency comparison between existing and proposed feature selection techniques for air
pollution prediction
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7. CONCLUSION AND FUTURE SCOPE

Air pollution has become one of the most critical environmental challenges affecting public health, climate
stability, and overall quality of life. Accurate prediction of air pollution levels is essential for enabling timely
preventive measures and effective environmental management. In this study, a machine learning—based
framework was developed to predict air pollution levels by analyzing environmental and meteorological
parameters such as PM2.5, PM10, CO, NO2, SO, temperature, humidity, and wind speed.

The proposed system integrates a feature selection technique to identify the most relevant environmental
variables influencing air pollution levels. By selecting significant features and eliminating redundant data, the
prediction model becomes more efficient and accurate. Machine learning algorithms were trained using
historical environmental data to learn patterns and relationships between meteorological conditions and

pollutant concentrations.

Experimental results demonstrated that the proposed feature selection—based model significantly improves
prediction performance compared to conventional approaches. The proposed method achieved higher accuracy
and F1 score while reducing prediction error, indicating that effective feature selection plays a crucial role in
improving air quality forecasting systems. These results highlight the potential of machine learning techniques

for developing intelligent environmental monitoring and prediction systems.

In the future, the proposed framework can be further enhanced by incorporating deep learning models and
larger real-time environmental datasets to improve prediction accuracy and scalability. Additionally,
integrating Internet of Things (loT) based air quality sensors can enable real-time data collection and
continuous monitoring of pollution levels. The system can also be extended to support smart city applications
by providing early warning alerts and decision-support tools for environmental authorities and policymakers.
Such advancements will contribute to more effective air pollution management and improved public health

protection.
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