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Abstract

The Hotel Booking Cancellation Pattern Analysis and Seasonal Demand Fluctuation
Profiling Using Python project focuses on analyzing hotel booking behavior,
identifying cancellation trends, and understanding seasonal demand variations in the
hospitality industry using data analytics and machine learning techniques. In the
modern hospitality sector, booking cancellations and fluctuating customer demand
significantly affect hotel revenue, occupancy rates, pricing strategies, and operational
planning. Traditional analysis methods mainly rely on manual reporting and basic
statistical techniques, which are often time-consuming and less effective when
handling large-scale booking datasets. This project addresses these challenges by
utilizing intelligent data analytics methods to uncover meaningful patterns in hotel
booking behavior and support data-driven decision-making.

The proposed system utilizes historical hotel booking datasets containing information
such as booking dates, customer demographics, lead time, market segments, room
types, average daily rates, reservation status, cancellation history, and seasonal
demand patterns. Data preprocessing techniques including handling missing values,
normalization, feature encoding, and feature selection are applied to improve data
quality, consistency, and analytical performance before conducting analysis.

Exploratory Data Analysis (EDA) techniques are implemented to identify trends,
correlations, and hidden relationships between variables influencing booking
cancellations and occupancy rates. Time-series analysis is used to detect seasonal
booking patterns, peak tourism periods, holiday demand fluctuations, and off-season
occupancy variations. Visualization techniques such as graphs, heatmaps, line charts,
bar charts, and dashboards are used to represent booking behavior, cancellation rates,
customer segments, and seasonal trends clearly for better interpretation.

l. Introduction

The global hospitality industry has experienced rapid growth over the past decade due
to increasing travel demand, online booking platforms, tourism development, and
competitive pricing strategies. Hotels today operate in a highly dynamic environment
where customer booking behavior changes frequently based on economic conditions,
seasonal tourism trends, customer preferences, and market competition. Among the
major challenges faced by hotels and hospitality businesses are high booking
cancellation rates and unpredictable seasonal demand fluctuations. These factors
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significantly affect hotel revenue management, occupancy planning, staffing decisions,
pricing strategies, and overall operational efficiency.

Hotel booking cancellations occur for various reasons such as flexible cancellation
policies, changes in customer travel plans, pricing differences, overbooking practices,
unexpected emergencies, and external factors like economic instability, weather
conditions, pandemics, or travel restrictions. High cancellation rates can result in
revenue losses, inefficient room allocation, underutilized resources, and inaccurate
demand forecasting. Therefore, understanding customer cancellation behavior has
become an important aspect of modern hotel management systems. Analyzing
cancellation patterns allows hotels to identify the major factors influencing
cancellations and develop strategies to minimize financial losses.

In addition to booking cancellations, seasonal demand fluctuations also play a critical
role in shaping hotel business performance. Hotel demand typically changes across
different seasons based on holidays, tourism periods, weather conditions, festivals,
and local events. During peak seasons, hotels often experience high occupancy rates,
increased room pricing, and greater customer demand, whereas off-season periods
may result in lower occupancy and reduced profitability. Identifying these seasonal
patterns helps hotel managers optimize pricing strategies, improve marketing
campaigns, allocate staff efficiently, and manage inventory and resources more
effectively.

Il. Literature Survey

The literature survey for the Hotel Booking Cancellation Pattern Analysis and
Seasonal Demand Fluctuation Profiling Using Python project focuses on existing
research works related to customer behavior analysis, hotel booking prediction,
seasonal demand forecasting, machine learning techniques, exploratory data analysis,
and big data analytics in the hospitality industry. Various researchers have explored
analytical and predictive approaches for understanding customer booking behavior,
cancellation patterns, and occupancy trends using data-driven techniques.

1. A Survey of Data Analytics Techniques for Customer Behavior Analysis

Researchers Ryan S. Baker and Kalina Yacef presented a comprehensive overview
of data analytics techniques used for analyzing customer behavior. The authors
emphasize that data-driven approaches are highly effective in identifying patterns
related to customer preferences, purchasing trends, and behavioral characteristics.
Compared to traditional manual analysis methods, these analytical techniques provide
more accurate insights by considering multiple factors such as customer
demographics, transaction history, and behavioral patterns simultaneously. The study
highlights the importance of intelligent analytics systems in improving business
decision-making and customer understanding.

The concepts discussed in this research are highly relevant to the hospitality industry
because hotel booking behavior also depends on multiple factors such as booking lead
time, room pricing, customer type, seasonal trends, and reservation patterns. Applying
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data analytics techniques helps identify frequent cancellation behavior, occupancy
trends, and seasonal booking variations effectively.

2. Analyzing Customer Purchasing Behavior Using Data Analytics Techniques

Researchers Paulo Cortez and Alice Silva focused on the application of data
analytics techniques for understanding customer purchasing behavior using real-world
datasets. The study evaluates different analytical approaches and highlights the
importance of statistical analysis and data visualization techniques in extracting
meaningful insights from customer datasets. The authors conclude that structured data
analysis combined with effective visualization methods significantly improves the
interpretation of customer behavior patterns.

The methodologies presented in this study are highly applicable to hotel booking
analysis because hotel reservation behavior is also influenced by multiple customer
and seasonal factors. Similar analytical techniques can be used to study booking
cancellations, occupancy behavior, customer preferences, and seasonal demand
fluctuations within the hospitality sector.

3. Customer Behavior Analysis Using Exploratory Data Analysis Techniques

Researchers Kumar, S. and Sharma, R. discussed the challenges involved in
analyzing customer behavior and proposed an approach based on Exploratory Data
Analysis (EDA) techniques. The study emphasizes that traditional systems relying
only on basic reports and summaries are insufficient for understanding complex
customer behavior patterns because they fail to capture relationships between multiple
influencing variables.

The proposed EDA-based approach is highly relevant to hotel booking cancellation
analysis because hotel reservation behavior depends on interconnected factors such as
lead time, customer type, room pricing, and seasonal tourism demand. EDA
techniques help identify hidden trends, anomalies, and relationships within booking
datasets more effectively than traditional reporting systems.

4. Machine Learning Approaches for Customer Segmentation in Retail

Researchers Jiawei Han, Micheline Kamber, and Jian Pei explored the use of
machine learning techniques for customer segmentation in the retail sector. The
authors explain how algorithms such as clustering and classification can group
customers based on purchasing behavior, transaction patterns, and preferences. These
segmentation techniques help organizations better understand customer categories and
support data-driven strategic decisions.

The ideas from this research are highly applicable to the hospitality industry because
hotel customers can also be segmented based on booking frequency, cancellation
history, lead time, room preferences, and travel behavior. Such segmentation
improves personalized marketing strategies and occupancy management.

Received: 20-04-2026 | Accepted: 28-05-2026 | Published: 05-06-2026 1JDIM, 2026, 5 (2(2)), 895-910 | 897



International Journal of

DATA SCIENCE AND IOT MANAGEMENT SYSTEM

Peer Reviewed, Referred & Indexed Journal
ISSN: 3068-272X www.ijdim.com Original Research Paper

5. Predicting Customer Purchase Behavior Using Classification Techniques

Researchers Wouter Verbeke, David Martens, and Bart Baesens focused on
predicting customer behavior using classification techniques such as Decision Trees
and Logistic Regression. The study demonstrates that predictive models built using
historical customer data can accurately forecast future customer actions and support
better business planning.

These predictive modeling concepts are highly useful in the hospitality domain
because machine learning algorithms can be used to predict whether hotel bookings
are likely to be canceled based on customer and reservation attributes. Predictive
cancellation models help hotels reduce financial losses and improve occupancy
planning.

6. A Study on Retail Data Mining for Customer Behavior Analysis

Researchers Jiawei Han, Micheline Kamber, and Jian Pei also explored data
mining techniques such as association rule mining and pattern recognition for
analyzing customer transaction behavior. The study explains how frequent pattern
mining techniques uncover hidden relationships and provide deeper business insights
compared to traditional analytical methods.

These data mining techniques can also be applied in hotel booking systems to identify
relationships between seasonal demand, booking channels, customer types, and
cancellation trends, thereby improving operational strategies in hospitality
management.

7. Application of Big Data Analytics in Customer Behavior Analysis

Researchers Hsinchun Chen, Roger H. L. Chiang, and Veda C. Storey studied the
role of big data analytics in analyzing large-scale customer behavior datasets. The
authors emphasize that distributed computing frameworks and modern analytical
systems enable efficient processing of massive datasets and generate real-time
business insights. The study concludes that big data analytics significantly improves
decision-making capabilities and analytical accuracy in complex business
environments.

This research is highly relevant to hotel booking analysis because modern hospitality
systems generate large volumes of reservation and customer data daily. Big data
analytics helps hotels analyze occupancy patterns, cancellation rates, customer
behavior, and demand fluctuations more efficiently.

8. Customer Churn Prediction Using Machine Learning Techniques

Researchers Idris, A., Rizwan, M., and Khan, A. explored predictive models for
identifying customers likely to discontinue a service. The study demonstrates that
machine learning techniques can effectively predict customer churn behavior,
allowing businesses to take preventive actions in advance.
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These concepts are highly applicable to hotel booking systems because booking
cancellations can be considered similar to customer churn. Predicting cancellations in
advance helps hotels optimize room allocation, pricing strategies, and customer
retention efforts.

9. Recommender Systems for Customer Preference Analysis

Researchers Ricci, F., Rokach, L., and Shapira, B. focused on recommendation
systems for analyzing customer preferences and improving customer satisfaction. The
study concludes that recommendation systems improve business performance by
providing personalized recommendations based on customer behavior patterns.

In hotel booking platforms, recommendation systems can help identify customer
preferences related to room types, pricing, travel seasons, and booking channels.
These systems support personalized booking experiences and influence customer
decision-making positively.

10. Sentiment Analysis for Understanding Customer Behavior

Research by Liu, B. focuses on sentiment analysis techniques for understanding
customer opinions and behavioral patterns from textual data such as reviews and
feedback. The study highlights the importance of analyzing customer reviews to
identify customer satisfaction levels and service-related issues.

These concepts are highly relevant to the hospitality industry because hotel customers
often provide reviews and feedback that reflect their experiences, satisfaction levels,
and expectations. Sentiment analysis helps hotels understand the reasons behind
booking cancellations, customer dissatisfaction, and seasonal demand changes more
effectively.

Research Gap

The literature survey indicates that although many studies focus on customer behavior
analysis, predictive analytics, and data mining techniques, there is still a need for
integrated intelligent systems specifically designed for analyzing hotel booking
cancellation patterns and seasonal demand fluctuations using machine learning and
Python-based analytics tools. Most traditional hospitality systems focus mainly on
descriptive statistics and reporting without providing predictive insights and
intelligent forecasting capabilities.

The Hotel Booking Cancellation Pattern Analysis and Seasonal Demand Fluctuation
Profiling Using Python project addresses these research gaps by integrating data
preprocessing, exploratory data analysis, machine learning algorithms, predictive
analytics, visualization techniques, and seasonal demand analysis into a scalable and
intelligent hospitality analytics system capable of improving hotel decision-making
and operational efficiency.

I11. System Analysis
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The Hotel Booking Cancellation Pattern Analysis and Seasonal Demand
Fluctuation Profiling Using Python system is designed to analyze hotel booking
behavior, identify cancellation trends, and understand seasonal demand variations
using data analytics and machine learning techniques. The system focuses on
evaluating booking patterns, occupancy trends, customer behavior, pricing strategies,
and seasonal fluctuations to support better decision-making in the hospitality industry.
Modern hotel management systems generate large volumes of booking data daily,
making manual analysis difficult and inefficient. The proposed system automates
booking analysis using intelligent algorithms capable of identifying hidden trends,
cancellation patterns, and seasonal occupancy variations from historical booking
datasets. Data preprocessing techniques such as handling missing values,
normalization, feature encoding, and feature selection are applied to improve data
quality and analytical accuracy. Multiple machine learning algorithms including
Logistic Regression, Decision Tree, Random Forest, Support Vector Machine, and K-
Nearest Neighbors are implemented for booking cancellation prediction and customer
behavior analysis. Time-series analysis is used to identify seasonal demand
fluctuations and occupancy trends across different periods. Visualization techniques
such as graphs, dashboards, heatmaps, and trend charts help represent booking
behavior and seasonal patterns clearly for better interpretation. The modular
architecture supports scalability and future integration with real-time hotel analytics,
recommendation systems, and dynamic pricing platforms. Overall, the system
provides a scalable, intelligent, and data-driven solution for improving hotel
management and reducing revenue losses caused by booking cancellations.

Existing System

In the existing system, hotel booking analysis mainly relied on manual reporting
systems, spreadsheets, and basic statistical methods to evaluate booking behavior and
occupancy trends. Hotel managers traditionally depended on historical booking
summaries and simple business reports to understand customer behavior and
cancellation rates. These traditional methods were time-consuming and less effective
when handling large-scale booking datasets generated from modern hotel reservation
systems and online booking platforms. Existing systems mainly focused on
descriptive analysis and lacked advanced predictive capabilities for identifying future
booking cancellations and seasonal demand fluctuations. Manual analysis methods
also increased the chances of human errors and inconsistencies in occupancy planning
and revenue forecasting. Traditional systems struggled to process multiple booking
factors simultaneously and often failed to identify hidden relationships between
customer behavior, pricing, lead time, and seasonal trends. EXisting approaches
provided limited visualization support and poor interpretability for hotel analysts and
decision-makers. Many systems also faced challenges in handling incomplete, noisy,
and dynamic booking datasets effectively. Scalability was another major issue
because traditional analytical systems could not efficiently process continuously
growing hospitality data. These limitations created the need for intelligent data
analytics and machine learning-based hotel booking analysis systems capable of
generating accurate and actionable hospitality insights.
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Disadvantages of Existing System

o Time-consuming manual booking analysis.

o Limited scalability for large hotel booking datasets.

« Increased chances of human error and inconsistencies.

o Lack of predictive analytics capabilities.

« Difficulty identifying hidden booking patterns.

o Limited support for seasonal demand forecasting.

« Poor handling of missing and inconsistent booking data.

« Basic visualization and reporting support.

« Inability to process multiple booking factors efficiently.

« Reduced accuracy in cancellation prediction and occupancy planning.

Proposed System

The proposed Hotel Booking Cancellation Pattern Analysis and Seasonal Demand
Fluctuation Profiling Using Python system is designed to provide intelligent
hospitality analytics and predictive booking analysis using machine learning and data
analytics techniques. The system analyzes historical hotel booking data including
booking dates, customer demographics, lead time, room type, pricing, market segment,
reservation status, and cancellation records to identify booking patterns and seasonal
demand behavior. Advanced data preprocessing techniques such as data cleaning,
normalization, feature encoding, and feature selection are applied to improve
analytical quality and prediction accuracy. Multiple machine learning algorithms
including Logistic Regression, Decision Tree, Random Forest, Support Vector
Machine, and K-Nearest Neighbors are implemented for booking cancellation
prediction, customer behavior classification, and occupancy trend analysis. Time-
series analysis techniques are used to detect seasonal demand fluctuations, peak
booking periods, holiday occupancy trends, and off-season variations. The system
identifies major factors influencing booking cancellations and occupancy behavior
effectively. Visualization tools such as graphs, dashboards, heatmaps, line charts, and
seasonal trend reports improve interpretability and support strategic hotel
management decisions. Comparative model evaluation using accuracy, precision,
recall, F1-score, and confusion matrix helps determine the most reliable analytical
approach. The proposed solution supports scalable hospitality analytics and future
integration with dynamic pricing systems, recommendation engines, and real-time
hotel intelligence platforms. Overall, the proposed system provides a scalable,
intelligent, and efficient solution for hotel booking analysis and hospitality business
optimization.

Advantages of Proposed System

o Automated and intelligent hotel booking analysis.
« Improved accuracy in cancellation prediction.

o Scalable processing for large hospitality datasets.

« Better identification of seasonal demand patterns.

e Reduced manual effort and human errors.

e Enhanced visualization and business interpretation.
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e Supports data-driven hotel management decisions.

« Identifies hidden booking behavior and occupancy trends.
o Real-time analytical and predictive capabilities.

o Flexible for future Al and hospitality system integration.

IVV. Methodology

The development methodology of the Hotel Booking Cancellation Pattern Analysis
and Seasonal Demand Fluctuation Profiling Using Python system includes data
collection, preprocessing, exploratory analysis, machine learning implementation,
time-series analysis, evaluation, visualization, and deployment phases. Initially,
historical hotel booking datasets including reservation records, customer details,
booking dates, room types, pricing information, lead time, market segments, and
cancellation status were collected from hospitality databases and booking platforms.
Data preprocessing techniques such as handling missing values, normalization,
feature encoding, and feature selection were applied to improve data quality and
analytical consistency. Exploratory Data Analysis techniques were used to identify
booking trends, customer behavior patterns, occupancy variations, and relationships
between booking variables. Time-series analysis methods were implemented to detect
seasonal demand fluctuations, peak tourism periods, and off-season occupancy
behavior. Multiple machine learning algorithms including Logistic Regression,
Decision Tree, Random Forest, Support Vector Machine, and K-Nearest Neighbors
were implemented for booking cancellation prediction and customer behavior
classification tasks. The models were trained and evaluated using performance
metrics such as accuracy, precision, recall, Fl-score, and confusion matrix to
determine the most effective predictive model. Visualization techniques such as charts,
graphs, heatmaps, and dashboards were used to represent hospitality insights clearly.
Finally, the complete system was deployed as a scalable hospitality analytics platform
for intelligent hotel management and decision support.

System Architecture
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The system architecture of the Hotel Booking Cancellation Pattern Analysis and
Seasonal Demand Fluctuation Profiling Using Python system follows a layered
architecture consisting of data collection, preprocessing, analytics, machine learning,
time-series analysis, visualization, backend, and database layers. The data collection
layer gathers hotel booking records, customer information, reservation details, pricing
data, occupancy rates, seasonal demand information, and cancellation records from
hotel management systems and booking platforms. The preprocessing layer performs
data cleaning, handling missing values, normalization, feature encoding, and feature
selection to prepare high-quality datasets for analysis. The analytics layer performs
statistical analysis and exploratory data analysis to identify booking patterns,
occupancy trends, customer behavior, and cancellation relationships. The machine
learning layer integrates algorithms such as Logistic Regression, Decision Tree,
Random Forest, Support Vector Machine, and K-Nearest Neighbors for predictive
analysis, cancellation prediction, and customer behavior classification. The time-
series analysis layer identifies seasonal booking trends, peak tourism periods, and
demand fluctuations across different time intervals. The visualization layer generates
dashboards, graphs, heatmaps, occupancy charts, and seasonal trend reports to
improve interpretability and support hotel decision-making processes. The backend
layer manages analytical workflows, model execution, and business logic processing
efficiently. The database layer securely stores booking records, processed datasets,
predictive results, and hospitality reports for future analysis and monitoring. The
modular architecture also supports future integration with dynamic pricing systems,
recommendation engines, real-time hotel intelligence platforms, and Al-driven
hospitality solutions.

V. Result and Output
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V1. Conclusion

The Hotel Booking Cancellation Pattern Analysis and Seasonal Demand Fluctuation
Profiling Using Python project successfully demonstrates the application of data
analytics, machine learning, and time-series analysis techniques in understanding
hotel booking behavior and seasonal demand variations within the hospitality industry.
By analyzing historical hotel booking data such as reservation dates, customer
demographics, room types, pricing information, lead time, market segments, and
cancellation records, the system effectively identifies meaningful booking trends,
customer behavior patterns, occupancy variations, and factors influencing booking
cancellations.
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The implementation of data preprocessing techniques such as data cleaning,
normalization, feature encoding, and feature selection significantly improves data
quality and analytical accuracy. Multiple machine learning algorithms including
Logistic Regression, Decision Tree, Random Forest, Support Vector Machine, and K-
Nearest Neighbors were implemented for booking cancellation prediction and
customer behavior classification. Comparative analysis results indicate that ensemble
learning methods, particularly the Random Forest algorithm, provide higher
prediction accuracy and more reliable insights into booking cancellation behavior and
occupancy trends compared to traditional analytical methods.

The project also highlights the importance of visualization and business intelligence
tools in hospitality management systems. Graphs, heatmaps, dashboards, line charts,
occupancy reports, and seasonal trend visualizations improve interpretability and help
hotel managers understand complex booking behavior and demand fluctuations more
effectively. These analytical insights support optimized pricing strategies, occupancy
management, staffing decisions, promotional campaigns, and resource allocation
within hotels.

The proposed system overcomes many limitations of traditional manual reporting and
statistical analysis methods by providing automated, scalable, and intelligent
hospitality analytics capabilities. The integration of machine learning and predictive
analytics enables hotels to process large-scale booking datasets efficiently, forecast
cancellation risks, identify seasonal demand changes, and improve operational
planning accuracy. The modular architecture also supports future enhancements such
as dynamic pricing systems, Al-driven recommendation engines, real-time hotel
analytics, and customer personalization platforms.
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