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Abstract  

Air pollution has become a major environmental 

concern as a result of growing urbanisation, 

industrial expansion, and increased traffic activity. 

Accurate air quality forecast is critical for 

pollution control, public health protection, and 

environmental sustainability. Traditional statistical 

tools sometimes struggle to handle the nonlinear 

and complicated correlations seen in air quality 

data. Machine learning (ML) algorithms are a 

viable alternative because they can learn patterns 

from existing data and forecast future pollution 

levels. This review article provides an overview of 

several machine learning methodologies used for 

air quality prediction, such as artificial neural 

networks, regression models, random forest, and 

other data-driven methods. The importance of data 

preparation, feature selection, and handling 

missing values in increasing prediction 

performance is also addressed. Existing research 

demonstrates that machine learning models may 

produce trustworthy prediction results; 

nevertheless, their success is dependent on dataset 

properties, ambient variables, and appropriate 

model selection. The study focuses on present 

obstacles and future research areas for creating 

efficient and effective machine learning-based air 

quality prediction systems. 
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I. INTRODUCTION 

Air pollution is one of the most serious 

environmental issues affecting human health, 

ecosystems, and climatic conditions. Pollution 

levels, including PM2.5 and PM10, NOx, SO₂, 

and CO, have raised global worries. Continuous 

exposure to these contaminants can cause 

respiratory illnesses, cardiovascular issues, and 

environmental deterioration [2].  

Pollution concentrations are typically measured 

using air quality monitoring stations. However, 

setting up and maintaining a large number of 

monitoring stations is costly and complex, 

particularly in poor countries. As a result, 

prediction-based systems have gained popularity 

for projecting future air quality levels based on 

historical data and environmental characteristics. 

Conventional statistical approaches have been 

used to forecast air pollution; however, these 

models often perform poorly when dealing with 

complicated nonlinear interactions between 

meteorological conditions, emission sources, and 

pollutant concentrations. Machine learning 

approaches bypass these restrictions by 

automatically learning patterns from data and 

making predictions without the need for 

predetermined mathematical equations [3].  

Air quality predictions have been made using a 

variety of machine learning methods. Artificial 

neural networks (ANNs) have become widely 

employed due to their capacity to simulate 

nonlinear correlations between input variables and 

pollution levels [6]. Regression-based techniques 

give simple and efficient prediction models, but 
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random forest algorithms perform better with 

complicated datasets and missing data [9], [16]. 

Recent research have shown that machine learning 

algorithms can accurately estimate PM2.5 levels, 

the air quality index (AQI), and other 

contaminants. However, the accuracy of these 

models is determined by a variety of factors, 

including data availability, preprocessing methods, 

feature selection, and environmental fluctuations. 

A decent machine learning technique must 

produce accurate predictions while remaining 

computationally efficient and practical.  

This study examines several machine learning 

algorithms used in air quality prediction, analyses 

existing research, and highlights obstacles and 

potential prospects for creating superior prediction 

frameworks. 

II. LITERATURE REVIEW 

Machine learning has been intensively researched 

for air quality prediction due to its capacity to 

analyse vast environmental datasets and discover 

complicated patterns. Researchers tested several 

methods to increase predicting accuracy and 

dependability. Sharma et al. studied artificial 

neural network-based techniques for vehicular 

pollution modelling and found that ANN models 

can accurately depict nonlinear correlations 

between vehicle emissions and air pollutant 

concentrations [6]. Cabaneros et al. evaluated 

various artificial neural network models for 

ambient air pollution prediction and concluded 

that neural network-based approaches outperform 

traditional methods for complicated pollution 

datasets [3]. 

Feng et al. created an artificial neural network 

model for PM2.5 forecasting by combining air 

mass trajectory data with wavelet processing 

techniques. Their findings demonstrated that 

integrating machine learning with appropriate 

feature extraction approaches can increase 

prediction performance [4]. Freeman et al. 

investigated air quality time-series forecasting 

approaches and concluded that data-driven models 

may accurately capture temporal fluctuations in 

pollutant concentration patterns [5].  

Regression-based machine learning approaches 

have also been used to forecast air pollution. 

Rybarczyk and Zalakeviciute investigated 

regression models employing low-cost air quality 

monitoring data and found that sensor information 

may be efficiently used for pollution assessment 

[16]. 

Garg and Jindal investigated various forecasting 

models for PM2.5 prediction and concluded that 

choosing a suitable model based on dataset 

features is critical for improved performance [11]. 

Random forest algorithms have gained popularity 

because to their ability to handle complicated 

datasets while improving forecast reliability. 

Alsaber et al. used a random forest strategy to 

manage missing values in air quality monitoring 

datasets, demonstrating its usefulness in enhancing 

data quality prior to prediction modelling [9]. 

Zainuri et al. investigated several missing data 

imputation strategies and concluded that 

preprocessing procedures had a substantial impact 

on the performance of air quality prediction 

models [10]. 

Kumar and Pande used machine learning 

algorithms to forecast air pollution in Indian cities, 

demonstrating that local environmental factors 

influence prediction accuracy [12]. Gupta et al. 

conducted a comparative investigation of several 

machine learning methods for AQI prediction and 

found that algorithm selection has a substantial 

influence on predicting outcomes [17]. Shahbazi et 

al. looked at machine learning approaches for 

enhancing air quality forecasting and emphasised 

the need of dependable prediction systems for 
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environmental monitoring and pollution control 

[1]. Overall, prior research suggests that machine 

learning algorithms have a high promise for air 

quality prediction, but obstacles such as data 

quality, model generalisation, and computing 

efficiency necessitate additional examination. 

III. MACHINE LEARNING ALGORITHMS 

FOR AIR QUALITY PREDICTION 

Machine learning algorithms are commonly 

employed to forecast air quality because they can 

learn complicated patterns from previous pollution 

and environmental data. Various methods have 

been used, based on the type of dataset, prediction 

purpose, and necessary precision. The most 

popular machine learning algorithms for air 

quality prediction are given here. 

The Artificial Neural Network (ANN) is one of the 

most used machine learning algorithms for 

predicting air quality. ANN is made up of linked 

processing units known as neurones, which learn 

the correlations between input parameters and 

output values. Because of their capacity to 

represent nonlinear interactions, artificial neural 

networks (ANNs) have been effectively used to 

forecast pollutants such as PM2.5, PM10, and AQI 

[3-6]. However, ANN performance is dependent 

on the amount and quality of the training data, as 

well as the right selection of network parameters. 

Regression models are simple and effective 

machine learning methods for estimating 

correlations between air contaminants and 

affecting variables including temperature, 

humidity, wind speed, and emission sources. In 

comparison to sophisticated algorithms, these 

models have a lower computing cost and are easier 

to comprehend. However, their effectiveness may 

suffer when air quality data exhibits highly 

nonlinear behaviour [16]. 

Random Forest is an ensemble-based machine 

learning system that mixes numerous decision 

trees to increase prediction accuracy while 

minimising overfitting. It handles huge datasets, 

many input variables, and missing data well. 

Because of its resilience, random forest has been 

used for air quality data analysis and 

preprocessing tasks, including dealing with 

insufficient monitoring data [9]. 

The Support Vector Machine (SVM) is a 

supervised learning method that separates data 

patterns by determining an appropriate decision 

boundary. It is appropriate for air quality 

prediction tasks that need limited datasets and 

high-dimensional characteristics. SVM may give 

strong prediction performance; nevertheless, 

choosing the right kernel functions and parameters 

is critical for getting better results. 

 

Overall, machine learning methods improve air 

quality prediction by finding meaningful patterns 

from environmental data. The right algorithm is 

chosen based on data availability, pollutant 

characteristics, forecast needs, and processing 

limits. Because no single method performs 

optimally across all air quality datasets, algorithm 

selection and optimisation continue to be major 

research problems. [1], [3] 

IV. COMPARATIVE ANALYSIS OF 

EXISTING WORK 

Various machine learning methods have been used 

to estimate air quality, with each methodology 

having its own set of advantages and drawbacks. 

Artificial neural networks (ANNs) are one of the 

most widely utilised methodologies because they 

can learn complicated nonlinear correlations 

between input parameters and pollutant 

concentrations. To improve performance, ANN 

models typically require substantial datasets and 
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correct parameter optimisation [3], [6].  

Regression models are basic, computationally 

efficient, and straightforward to understand. They 

are beneficial for identifying the links between 

environmental factors and pollution levels, but 

their accuracy may suffer when the data contains 

complicated nonlinear patterns [16]. Random 

forest models are more capable of managing huge 

datasets, missing values, and various input 

variables, making them appropriate for realistic air 

quality monitoring applications [9]. 

Several research have attempted to improve 

prediction performance using improved 

preprocessing approaches. Missing data 

processing, normalisation, and feature selection all 

contribute significantly to machine learning model 

accuracy. Poor-quality input data can have a 

considerable impact on prediction outcomes, even 

when sophisticated algorithms are used [9], [10].  

Table 1 summarises the performance comparisons 

of several machine learning algorithms described 

in prior publications. 

 

Reference 

Machine 

Learning 

Method 

Applicatio

n Area 

Major 

Findings 

Sharma et 

al. [6] 

Artificial 

Neural 

Network 

Vehicular 

pollution 

prediction 

ANN 

effectively 

captured 

nonlinear 

pollution 

patterns 

Feng et al. 

[4] 

ANN with 

feature 

transformat

ion 

PM2.5 

forecasting 

Feature 

extraction 

improved 

prediction 

accuracy 

Freeman et 

al. [5] 

Machine 

learning-

Air quality 

time series 

Data-driven 

models 

Reference 

Machine 

Learning 

Method 

Applicatio

n Area 

Major 

Findings 

based 

forecasting 

successfully 

predicted 

temporal 

changes 

Alsaber et 

al. [9] 

Random 

Forest 

Air quality 

dataset 

improveme

nt 

Random 

forest 

improved 

handling of 

missing data 

Garg and 

Jindal [11] 

Time-

series 

forecasting 

models 

PM2.5 

prediction 

Model 

selection 

strongly 

influenced 

prediction 

performance 

Kumar and 

Pande [12] 

Machine 

learning 

algorithms 

Indian city 

air 

pollution 

Environment

al and 

location 

factors 

affected 

prediction 

accuracy 

Gupta et 

al. [17] 

Comparati

ve ML 

analysis 

AQI 

prediction 

Different 

algorithms 

showed 

different 

prediction 

capabilities 

The following analysis shows that no single 

machine learning approach performs well across 

all air quality datasets. ANN models are useful for 

nonlinear prediction, regression models are 

simple, and random forest models are resilient for 

complicated datasets. As a result, the selection of 

an appropriate algorithm is determined by data 
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properties, prediction needs, and application 

conditions. 

 

           V. CONCLUSION AND FUTURE SCOPE 

Machine learning approaches have demonstrated 

great promise for air quality prediction by 

providing effective solutions for analysing 

complicated environmental information. Several 

techniques, including artificial neural networks, 

regression models, and random forest algorithms, 

have been used successfully to forecast pollutants 

like PM2.5 and AQI. ANN-based models can 

capture nonlinear interactions between 

environmental factors, whereas regression and 

random forest approaches provide benefits in 

terms of simplicity, robustness, and computing 

efficiency [3], [6], [9], [16]. 

Machine learning models' success is determined 

by a variety of parameters, including data quality, 

feature selection, preprocessing methods, and 

environmental circumstances. Existing research 

indicates that no single method can deliver the 

most accurate prediction results for all air quality 

datasets. As a result, future research should focus 

on creating better machine learning frameworks 

that strike a compromise between prediction 

accuracy, computational efficiency, and practical 

application. The combination of real-time data, 

meteorological information, and modern data 

preprocessing algorithms can improve forecast 

accuracy. 
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