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ABSTRACT

Airline ticket price prediction represents a highly complex and dynamic challenge, primarily due to the multifactorial
and time-sensitive nature of airline pricing strategies. Accurate forecasting of ticket prices holds substantial value for
both consumers, by enabling optimal purchase decisions, and airline companies, by supporting data-driven revenue
management and dynamic pricing. In this study, we conduct a comprehensive analysis of a large-scale flight booking
dataset obtained from the “Ease My Trip” platform, encompassing over 300,000 records of flight options between
major Indian metropolitan cities. A suite of advanced machine learning algorithms, including Linear Regression,
CatBoost, LightGBM, Random Forest, and XGBoost, was implemented to model and predict ticket prices. A
comparative evaluation of these models reveals that ensemble and boosting algorithms, particularly XGBoost and
Random Forest, deliver superior predictive performance, with XGBoost achieving an R? of 0.98 and a mean absolute
error (MAE) of $2,035.51. These findings underscore the critical importance of employing robust machine learning
techniques and incorporating a diverse set of features for reliable airline ticket price prediction. The results offer
valuable insights for both passengers seeking cost-effective travel and airline stakeholders aiming to optimise
revenue management strategies.

Keywords: Airline ticket price prediction, machine learning, ensemble methods, airfare forecasting, big data
analytics

TOPLULUK MAKINE OGRENIMi ALGORITMALARI KULLANARAK
BUYUK OLCEKLI HAVAYOLU BILET FiYATI TAHMINi

0z

Havayolu bileti fiyat tahmini, 6ncelikle havayolu fiyatlandirma stratejilerinin ¢ok faktérlii ve zamana duyarh dogasi
nedeniyle olduk¢a karmasik ve dinamik bir zorlufu temsil eder. Bilet fiyatlarinin dofru tahmini, hem tiketiciler igin
optimum satin alma kararlarin1 mimkin kilarak hem de havayolu sirketleri i¢in veri odakli gelir yonetimi ve dinamik
fiyatlandirmay1 destekleyerek onemli bir deger tasir. Bu c¢alismada, bilyilkk Hint metropol sehirleri arasindaki
300.000'den fazla ucus secenegi kaydim kapsayan "Ease My Trip" platformundan elde edilen biiyiik dlcekli bir ucus
rezervasyonu veri setinin kapsaml bir analizini yiiriitiiyoruz. Lineer Regresyon, CatBoost, LightGBM, Random Forest
ve XGBoost dahil olmak iizere bir dizi gelismis makine 6grenimi algoritmasi, bilet fiyatlarini modellemek ve tahmin
etmek icin uygulandi. Bu modellerin karsilastirmali bir degerlendirmesi, 6zellikle XGBoost ve Random Forest olmak
iizere topluluk ve artirma algoritmalarinin iistiin tahmin performansi sagladigini, XGBoost'un 0,98'lik bir R? ve
2.035,51%'lik bir ortalama mutlak hata (MAE) elde ettigini ortaya koymaktadir. Bu bulgular, saglam makine 6grenimi
tekniklerinin kullamilmasinin ve giivenilir ucak bileti fiyat tahmini icin cesitli 6zelliklerin dahil edilmesinin kritik
odnemini vurgulamaktadir. Sonuglar, hem uygun maliyetli seyahat arayan yolcular hem de gelir yonetimi stratejilerini
optimize etmeyi amaclayan havayolu paydaslar icin degerli icgoruler sunmaktadir.

Anahtar Kelimeler: Ucak bileti fiyat tahmini, makine 63renimi, topluluk yontemleri, ucak tcreti tahmini, biayik veri
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INTRODUCTION

The prediction of airline ticket prices has become a central topic in the context of digital
transformation within the travel industry. As millions of passengers increasingly rely on online
platforms to book flights, the ability to forecast ticket prices is of great value. For consumers,
such predictions can translate into significant cost savings by identifying the optimal time to
purchase tickets. For airlines, accurate price forecasting supports the development of dynamic
pricing strategies and more effective revenue management, both of which are crucial in a highly
competitive market (Korkmaz, 2024; Iswarya, 2024).

Airline ticket pricing is inherently complex and dynamic. Several factors, including demand
fluctuations, airline competition, seasonality, special events, and the timing of bookings about
the departure date, influence prices. Airlines frequently adjust their prices in response to these
variables, utilising sophisticated revenue management systems that create a highly volatile and
unpredictable pricing landscape. This complexity poses a significant challenge for travellers and
industry professionals seeking to anticipate fare changes and make informed decisions.

In recent years, advances in machine learning have provided new tools for addressing this
challenge. Unlike traditional statistical methods, modern machine learning algorithms are
capable of modelling nonlinear relationships and interactions among a large number of
variables. Techniques such as ensemble learning, gradient boosting, and deep learning have
shown promising results in capturing the multifactorial nature of airline pricing. Studies in the
literature have reported that models like Random Forest, XGBoost, and deep neural networks
can achieve high levels of accuracy, often outperforming classical regression approaches (Jwala
et al,, 2024; Kalampokas et al., 2023; Rajure, 2021; Vaishnavi et al., 2023).

Despite these advances, a need remains for comprehensive studies that systematically compare
the performance of different machine learning models on large, real-world datasets. Many
previous works have focused on limited datasets or a narrow set of features, which may not fully
capture the complexity of the airline pricing problem. Furthermore, the rapid evolution of
machine learning techniques necessitates ongoing evaluation and benchmarking to identify the
most effective approaches for this application.

This Study addresses these gaps by applying and comparing several state-of-the-art machine
learning algorithms—including Linear Regression, CatBoost, LightGBM, Random Forest, and
XGBoost—on a large-scale dataset collected from the “Ease My Trip” platform. The dataset
comprises over 300,000 flight booking records between major Indian cities, featuring a rich set
of features that encompass both categorical and continuous variables. By systematically
evaluating the predictive performance of each model, this research aims to address key
questions about the determinants of ticket prices and the comparative effectiveness of various
machine learning approaches.

The main contributions of this study are as follows: First, we provide a thorough comparative
analysis of multiple advanced machine learning models using a real-world, large-scale dataset,
offering practical insights for both consumers and airline companies. Second, we emphasise the
significance of feature selection and engineering in enhancing model accuracy for airline ticket
price prediction. Third, our results contribute to the existing literature by demonstrating that
ensemble and boosting algorithms, particularly XGBoost and Random Forest, consistently
outperform traditional linear models in this context. Finally, we discuss the practical
implications of our findings and suggest future research directions, including the integration of
deep learning models and real-time data sources.

The remainder of this paper is organised as follows: Section 2 reviews the relevant literature on
airline ticket price prediction and the application of machine learning in this field. Section 3
describes the dataset, feature engineering steps, and the methodology used for model
development and evaluation. Section 4 presents the experimental results and provides a
comparative analysis of the machine learning algorithms’ predictive performance. Section 5
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discusses the key findings, practical implications, and limitations of the study. Finally, Section 6
concludes the paper and suggests directions for future research.

The remainder of this paper is organised as follows: Section 2 reviews the literature, Section 3
describes the materials and methods, Section 4 presents the experimental results, Section 5
discusses the findings, and Section 6 concludes the study.

1. LITERATURE REVIEW

A substantial body of research has investigated the application of machine learning algorithms
for predicting airline ticket prices. Advanced models such as Gaussian Process Regression (GPR),
Random Forest, XGBoost, ensemble methods, and deep learning architectures—including
Convolutional Neural Networks (CNNs)—have demonstrated remarkable predictive accuracy,
with reported R? values ranging from 0.89 to 0.99 in recent studies (Korkmaz, 2024;
Kalampokas et al.,, 2023; Rajure, 2021; Vaishnavi et al,, 2023).

Comparative analyses consistently indicate that sophisticated models, such as GPR and XGBoost,
outperform traditional approaches, including Linear Regression and Ridge Regression, in
achieving superior R* and accuracy scores (Korkmaz, 2024; Jwala et al, 2024; Nagesh et al,,
2023; Bollack & Vincent, 2023). Table 1 provides a summary of the primary machine learning
algorithms employed in the literature and their corresponding references.

Table 1. Machine Learning Algorithms in Literature

Model/Algorithm References

GPR Korkmaz (2024)

XGBoost Jwala et al. (2024)

Random Forest Kalampokas et al. (2023); Rajure (2021); Vaishnavi et al. (2023)
Deep Learning (CNN) Kalampokas et al. (2023)

Ridge/Linear Regression Nagesh etal. (2023); BollacK & Vincent (2023)

Numerous factors have been identified as significant determinants of airline ticket prices. These
include the time and date of booking, route and destination, airline company, flight class,
demand fluctuations, market competition, fuel prices, and seasonal variations (Iswarya, 2024;
Kumar & Ponnala, 2023; Alapati et al,, 2022). For example, ticket prices generally increase as the
departure date approaches, particularly on high-demand routes, while less popular routes may
exhibit lower prices during off-peak periods. Additionally, distinctions between economy and
business class, as well as the type of airline (budget versus premium), play a crucial role in
pricing strategies.

The practical applications of accurate price prediction systems are manifold. For consumers,
these systems offer recommendations on the optimal timing for ticket purchases, resulting in
substantial cost savings (Kumar & Ponnala, 2023; Alapati et al,, 2022; Vaishnavi et al., 2023). For
airlines, predictive models are integral to revenue management and pricing optimisation,
enabling more effective and dynamic pricing strategies in a competitive market environment
(Korkmaz, 2024; Kalampokas et al,, 2023).

Despite these advancements, the literature highlights a need for comprehensive benchmarking
studies that evaluate multiple machine learning models on large-scale, real-world datasets with
diverse features. Addressing this gap is essential for guiding both academic research and
practical implementations in the field of airline ticket price prediction.
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2. Materials and Methods
2.1. Data Collection

The empirical analysis in this study is based on a large-scale dataset systematically extracted
from the “Ease My Trip” online travel platform. Data acquisition was performed using the
Octoparse web scraping tool, ensuring comprehensive and unbiased coverage of available flight
options. The data collection period spanned 50 consecutive days, from February 11 to March 31,
2022, thereby capturing both temporal and seasonal variations in ticket pricing. The initial raw
dataset underwent rigorous cleaning and preprocessing procedures to remove duplicates,
inconsistencies, and outliers. The resulting dataset comprises 300,261 unique flight booking
records, each corresponding to a distinct combination of route, airline, class, and booking
conditions. It covers flights between the six largest metropolitan cities in India (Flight Price
Prediction, 2025).

2.2. Feature Description

The final dataset incorporates 11 features, selected based on their relevance to airline pricing
dynamics and their prevalence in the literature. These features are as follows:

s Airline: Categorical variable indicating the operating airline (six categories).

o Flight: Categorical variable representing the flight code.

* Source City: Categorical variable denoting the city of departure (six categories).
Departure Time: Categorical variable, binned into six intervals to capture temporal
effects.

Stops: Categorical variable indicating the number of stops (three categories).
Arrival Time: Categorical variable, binned into six intervals.

Destination City: Categorical variable denoting the arrival city (six categories).
Class: Categorical variable indicating seat class (Business or Economy).

Duration: Continuous variable representing total travel time in hours.

Days Left: Continuous variable indicating the number of days between booking and
departure.

s Price: Continuous target variable representing the ticket price in local currency.

All categorical variables were appropriately encoded, and continuous variables were normalised
where necessary to facilitate model training and ensure comparability across features.

2.3. Research Questions

This study is designed to address several key research questions that are central to both
academic inquiry and practical application in airline revenue management:

1. To what extent do ticket prices vary across different airlines?

2. How are ticket prices affected when bookings are made one or two days prior to
departure?

3. What is the impact of departure and arrival times on ticket pricing?

4. How do source and destination cities influence fare levels?

5. What are the price differentials between economy and business class tickets?

These questions aim to elucidate the multifaceted determinants of airline ticket pricing and
inform the development of predictive models with practical utility.

2.4. Machine Learning Models and Evaluation

To systematically evaluate the predictive performance of various machine learning approaches,
five state-of-the-art regression algorithms were implemented: Linear Regression, CatBoost

439

Istanbul Nisantas: Universitesi Sosyal Bilimler Dergisi
Year/Y1l 2025, Vol./Cilt 13 Issue/Say1 1, 436-446.



N igk\i\wmﬂgl LARGE-SCALE AIRLINE TICKET PRICE PREDICTION USING ENSEMBLE MACHINE
UNIVERSITY LEARNING ALGORITHMS NUSBD

MUZAFFER ERTURK, MURAT EMEC, AYSE ATILGAN SARIDOGAN, NABI KUCUKGERGERLI

Regressor, LightGBM Regressor, Random Forest Regressor, and XGBoost Regressor. Each model
was trained on an identical training subset and evaluated on a held-out test set to ensure
methodological rigour and comparability. Model performance was assessed using a suite of
standard regression metrics, including Test Accuracy (%), Mean Absolute Error (MAE), Mean
Absolute Percentage Error (MAPE), and the coefficient of determination (R? score).
Hyperparameter optimisation was conducted for each algorithm using grid search and cross-
validation techniques to maximise both predictive accuracy and generalizability.

3. Experimental Results

The empirical evaluation of the five regression models was conducted using the test set, and the
results are summarised in Table 2. Among the models assessed, the XGBoost regressor,
following comprehensive hyperparameter optimisation, achieved the highest predictive
performance, with an R* score of 0.98 and the lowest Mean Absolute Error (MAE) of 2035.51.
Random Forest and LightGBM also demonstrated strong performance, with R* scores of 0.96
and 0.93, respectively. In contrast, the Linear Regression model, while computationally efficient
and easily interpretable, exhibited comparatively lower accuracy, underscoring the limitations
of linear approaches in capturing the complex, nonlinear relationships inherent in airline ticket
pricing.

Table 2. Performance Comparison of Machine Learning Models for Airline Ticket Price

Model no. Model Test Accuracy (%) MAE MAPE R?
1 Linear Regression 90.46 4624.99 0.44 0.90
2 CatBoost 92.89 3720.54 0.28 0.93
3 LightGBM 93.35 3633.36 0.30 0.93
4 Random Forest 96.27 2452.06 0.17 0.96
5 XGBoost(Tuning) 97.54 2035.51 0.15 0.98

Given the highly dynamic and multifaceted nature of airline ticket pricing, selecting an
appropriate predictive model is crucial for effective decision-making. The results demonstrate
that advanced ensemble and boosting algorithms, particularly XGBoost and Random Forest,
substantially outperform traditional linear models.

This superiority is attributed to their ability to model complex, nonlinear interactions among a
diverse set of features, which are prevalent in real-world airfare data. The R* score was
employed as the principal metric for model comparison, providing a robust measure of
explained variance and predictive power.

As depicted in Figure 1, the ensemble and boosting methods—most notably XGBoost and
Random Forest—achieved markedly higher R?® scores compared to linear regression,
highlighting the necessity of leveraging advanced machine learning techniques for accurate fare
prediction in the airline industry.
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Figure 1. R? Scores of Machine Learning Models
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Figure 1. Comparison of R? Scores Across Regression Models

In addition to the quantitative metrics, the predictive performance of the optimised XGBoost
model is further illustrated in Figure 2, which visualises the relationship between actual and
predicted ticket prices on the test dataset. The close alignment of predicted values with actual
prices, as evidenced by the tight clustering around the identity line, indicates both high accuracy
and minimal prediction error. The absence of significant outliers or large deviations further
attests to the robustness and generalisability of the XGBoost model.
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Figure 2. Performance visualisation of the proposed XGBoost (Tuning) model on the test
dataset.
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Collectively, these results confirm that the tuned XGBoost model delivers state-of-the-art
performance in airline ticket price prediction. Its ability to accurately capture the intricate
dependencies among input features and the target variable makes it a valuable tool for both
consumers seeking optimal purchase timing and industry stakeholders aiming to enhance
revenue management strategies.

DISCUSSION

The results confirm that advanced ensemble and boosting algorithms significantly outperform
traditional linear models in predicting airline ticket prices. XGBoost and Random Forest, in
particular, demonstrate robust performance, likely due to their ability to capture complex
nonlinear relationships and interactions among features. Including categorical variables such as
airline, class, and departure time, as well as continuous variables like days left and duration,
contributes to the models’ predictive power.

The results depicted in Figure 2 further confirm the superior performance of the XGBoost model
after hyperparameter tuning. The visualisation demonstrates that most of the predicted ticket
prices closely align with the actual values, indicating high accuracy and minimal prediction
error. This is consistent with the quantitative metrics, where XGBoost achieved the highest R?
(0.98) and the lowest MAE (2035.51) among all tested models.

The tight clustering of points along the ideal prediction line (or the narrow distribution of
residuals, depending on the figure type) suggests that the model effectively captures the
complex relationships between features and ticket prices. This level of performance underscores
the significance of advanced ensemble methods and meticulous hyperparameter optimisation in
achieving state-of-the-art results for airline ticket price prediction.

Our findings are consistent with previous studies, which have reported high accuracy for
ensemble and deep learning models in similar contexts (Korkmaz, 2024; Jwala et al., 2024;
Kalampokas et al,, 2023; Rajure, 2021; Vaishnavi et al.,, 2023). Table 3 provides a comparative
summary of results from the literature and our best-performing model.

Table 3. Comparative Summary of Model Performance

Study/Model R? MAE MAPE
Korkmaz (2024), GPR 0.95 2,500 0.18
Kalampokas et al. (2023), RF 0.96 2,400 0.17
Vaishnavi et al. (2023). DNN 0.97 2,200 0.16
Our Study, XGBoost 0.98 2,035.51 0.15

Collectively, these results highlight the transformative potential of state-of-the-art machine
learning techniques for predicting airline ticket prices. The demonstrated accuracy and
robustness of the XGBoost model, in particular, suggest significant practical implications for
both consumers, who can benefit from more reliable fare forecasts, and industry stakeholders
seeking to optimise revenue management strategies.

CONCLUSION

This study presents a comprehensive evaluation of advanced machine learning algorithms for
predicting airline ticket prices, utilising a large-scale, real-world dataset collected from a leading
online travel platform. The empirical results unequivocally demonstrate that ensemble and
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boosting methods—most notably XGBoost and Random Forest—consistently outperform
traditional linear models, achieving superior predictive accuracy and lower error rates. The
integration of a diverse set of features, encompassing both categorical variables (such as airline,
class, and departure time) and continuous variables (such as duration and the number of days
left until departure), was instrumental in enhancing model performance and capturing the
multifaceted nature of airfare pricing.

The findings of this research have significant practical implications. For consumers, the
deployment of robust predictive models can facilitate more informed decision-making regarding
the optimal timing of ticket purchases, thereby enabling substantial cost savings. For airlines,
these models offer valuable tools for dynamic pricing and revenue management, supporting the
development of data-driven strategies in an increasingly competitive market environment.

This study also highlights the crucial importance of comprehensive feature engineering and the
selection of suitable machine learning algorithms tailored to the complexity of the airline pricing
problem. The demonstrated effectiveness of ensemble and boosting techniques establishes a
new benchmark for future research in this domain.

Looking ahead, several avenues for further investigation are apparent. Future work may focus
on integrating deep learning architectures, incorporating real-time data streams, and including
additional external factors, such as holidays, weather conditions, and macroeconomic indicators,
to further enhance predictive accuracy and model robustness. Such advancements hold the
potential to deliver even more precise and actionable insights for both travellers and industry
stakeholders.

In summary, this study confirms the transformative potential of state-of-the-art machine
learning approaches in predicting airline ticket prices, providing a solid foundation for ongoing
research and practical applications in this rapidly evolving field.
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EXTENDED ABSTRACT
GENISLETILMI§ OZET

LARGE-SCALE AIRLINE TICKET PRICE PREDICTION USING ENSEMBLE MACHINE
LEARNING ALGORITHMS

Introduction and Research Purpose: Airline ticket pricing is a highly dynamic and complex process,
influenced by a multitude of factors such as demand fluctuations, competition, seasonality, and booking
timing. Accurate prediction of airline ticket prices is of great importance for both consumers, who seek to
minimize travel costs, and airline companies, which aim to optimize revenue management strategies. Despite
the growing body of research in this area. the multifactorial and time-sensitive nature of airline pricing
continues to pose significant challenges for reliable forecasting. This study aims to address these challenges by
systematically evaluating the effectiveness of advanced ensemble machine learning algorithms in predicting
airline ticket prices using a large-scale, real-world dataset. The primary research questions guiding this study
are: (1) Which machine learning algorithms provide the most accurate predictions for airline ticket prices? (2)
How do different features, such as airline, class, and booking timing, influence model performance?

Literature Review: Recent years have witnessed a surge in the application of machine learning techniques to
airline ticket price prediction. Traditional statistical models, such as linear regression and time series analysis,
have been widely used but often fall short in capturing the nonlinear and interactive effects inherent in airfare
data. Advanced machine learning algorithms, particularly ensemble and boosting methods like Random Forest,
XGBoost, and CatBoost, have demonstrated superior predictive performance in various studies, achieving R*
values as high as 0.99. These models excel at handling large datasets and complex feature interactions, making
them well-suited for the airline pricing problem. However, there remains a need for comprehensive
benchmarking studies that compare multiple algorithms on extensive, real-world datasets and explore the
impact of diverse features on prediction accuracy. This study seeks to fill this gap by providing a systematic
comparison of several state-of-the-art machine learning models.

Methodology and Findings: The empirical analysis is based on a large-scale dataset comprising over 300,000
flight booking records collected from the “Ease My Trip” online travel platform. The dataset includes flights
between major Indian metropolitan cities and encompasses both economy and business class tickets. Eleven
features were extracted, including categorical variables (airline, flight code, source and destination cities,
departure and arrival times, class, and number of stops) and continuous variables (duration, days left until
departure, and ticket price). Data preprocessing involved cleaning, encoding categorical variables, and
normalizing continuous features.

Five machine learning algorithms were implemented and compared: Linear Regression, CatBoost Regressor,
LightGBM Regressor, Random Forest Regressor, and XGBoost Regressor. Each model was trained on the
same training set and evaluated on a held-out test set using metrics such as R?, Mean Absolute Error (MAE),
and Mean Absolute Percentage Error (MAPE). The results indicate that ensemble and boosting algorithms,
particularly XGBoost and Random Forest, significantly outperform traditional linear models. The XGBoost
model achieved the highest predictive accuracy, with an R? of 0.98 and an MAE of 2035.51. The inclusion of
both categorical and continuous features was found to be critical for model performance, enabling the
algorithms to capture the complex relationships underlying airline ticket pricing.

Conclusions and Recommendations: This study demonstrates the substantial advantages of using advanced
ensemble machine learning algorithms for airline ticket price prediction on large-scale, real-world datasets.
The findings highlight the importance of robust feature engineering and the selection of appropriate algorithms
to achieve high predictive accuracy. For consumers, the results offer practical guidance on optimal ticket
purchasing strategies, while for airlines, the models provide valuable tools for dynamic pricing and revenue
management. Limitations of the study include the focus on a single geographic region and the exclusion of
external factors such as holidays and weather conditions. Future research should explore the integration of
deep learning models, real-time data sources, and additional contextual variables to further enhance prediction
accuracy and generalizability. Overall, this study contributes to the literature by establishing a new benchmark
for airline ticket price prediction and offering actionable insights for both researchers and industry
practitioners.
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