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Abstract: Accurate forecasting of hotel bookings is crucial for optimizing 
dynamic pricing strategies and ensuring efficient resource management in 
the hospitality industry. This study analyses daily booking data from a hotel 
from Vlora, Albania, covering two distinct periods: June 2021 - April 2022 and 
May 2022 - January 2023. It evaluates the performance of two widely used 
forecasting models: SARIMA, known for its robustness in capturing seasonal 
patterns, and Prophet, recognized for its flexibility in handling irregularities 
and holiday effects. Forecast accuracy and stability are analyzed using key 
performance metrics (MAE, MSE, RMSE, R²), with Monte Carlo simulations 
providing additional insights into forecast variability under different scenarios 
and enhancing the reliability assessment of each model. The findings reveal 
that model performance varies across different periods, highlighting the need 
for a dynamic model selection approach that adapts to evolving booking 
trends. These insights offer practical guidance for hotel managers, support-
ing improved reservation management and data-driven pricing strategies to 
enhance overall operational efficiency.
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1.	 INTRODUCTION

The hospitality industry is increasingly characterized by the need for accurate forecasting of 
hotel bookings, driven by the unstable nature of demand and the influence of external factors 
such as holidays, local events, and seasonal changes (Kamola & Arabas, 2020; Phumchusri & 
Suwatanapongched, 2023). Effective forecasting enhances revenue management through dynamic 
pricing strategies while ensuring optimal resource allocation, which is crucial in an industry with 
substantial operational costs. This necessity is particularly evident in markets that have experi-
enced disruptions, such as the hotel sector in Vlora, Albania, following the COVID-19 pandemic, 
where shifts in travel demand have necessitated robust forecasting models capable of adapting to 
evolving trends.

Numerous studies have explored forecasting models in the hospitality sector, addressing key 
aspects such as reservation management, price optimization, and consumer behavior analysis. 
These research efforts highlight the importance of accurate forecasts in ensuring efficient resource 
management and revenue maximization. Additionally, forecasting models have been widely applied 
across various fields, showcasing their flexibility and managerial relevance. Building on our 
previous research (Sinani & Godolja, 2024a, 2024b), we contribute to this growing body of work 
by further refining forecasting methodologies.

This study analyzes daily booking data from a hotel in Vlora, covering a post-pandemic period 
from June 2021 to January 2023. By examining two distinct periods and applying two widely used 
forecasting models SARIMA and Prophet models, we aim to assess their effectiveness in predicting 
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hotel bookings (Kamola & Arabas, 2020; Konarasinghe, 2018; Kumari & Muthulakshmi, 2024; 
Parise et al., 2021; Phumchusri & Suwatanapongched, 2023; Taylor & Letham, 2018; Tsiamitros 
et al., 2023). SARIMA is preferred for capturing seasonal patterns, while Prophet is recognized 
for its flexibility in handling irregular data and holiday effects.

In this study, we evaluate the accuracy of these models using key performance metrics, including 
Mean Absolute Error (MAE), Mean Squared Error (MSE), Root Mean Squared Error (RMSE), 
and R-squared (R²). Additionally, Monte Carlo simulations are employed to assess the variability 
and reliability of forecasts under different scenarios (Sinani & Godolja, 2024a; Bouhaddour et 
al., 2023; Danbatta & Varol, 2021; Danbatta et al., 2024). This comprehensive approach enables a 
deeper understanding of hotel booking patterns and provides valuable insights to inform strategic 
decision-making for hotel managers.

Overall, the insights derived from this study will contribute not only to the academic literature 
on forecasting within hospitality but will also provide practical guidance for practitioners in the 
field, enabling them to leverage data-driven strategies for improved booking management and 
enhanced operational efficiency. As the sector continues to evolve in response to changing con-
sumer behaviors and market conditions, the ability to adapt forecasting methodologies will be 
essential for maintaining a competitive advantage.

This paper is structured as follows: Section 2 details the materials and methods, outlining data col-
lection and forecasting model selection. Section 3 presents the results and discussions, including the 
comparative performance of SARIMA and Prophet models, while also incorporating Monte Carlo 
simulations to evaluate forecast variability. Section 4 summarizes the conclusions and discusses 
the practical implications of the findings for hotel revenue management and strategic planning.

2.	 MATERIALS AND METHODS

This study employs a structured methodology to comprehensively evaluate forecasting models for 
hotel bookings. Forecasting models play a crucial role in hotel revenue management, with various 
studies highlighting their importance in optimizing pricing strategies and resource allocation. 
Kamola and Arabas (2020) emphasized the relevance of time-series forecasting in hospitality, 
demonstrating that seasonal fluctuations significantly impact booking patterns. Phumchusri 
and Suwatanapongched (2023) explored multiple forecasting techniques, finding that machine 
learning models and statistical models like SARIMA and Prophet are effective in predicting 
reservation trends. Additionally, Taylor and Letham (2018) introduced Prophet as a flexible and 
adaptive model suited for dynamic environments. The integration of forecasting models with 
Monte Carlo simulations has also been widely discussed. Danbatta et al. (2024) highlighted 
how Monte Carlo methods improve uncertainty assessment in prediction models, providing 
deeper insights into the reliability of forecasts. These studies support the selection of SARIMA 
and Prophet models for this study and validate the application of Monte Carlo simulations for 
improving forecast robustness.

The dataset used in this study consists of daily hotel reservations collected from a hotel in Vlora, 
Albania, spanning from June 20, 2021, to January 31, 2023. The dataset includes information on 
reservation dates and the total number of bookings. The hotel had a capacity of 27 rooms during 
the first period (June 2021 – April 2022) and 45 rooms in the second period (May 2022 – January 
2023). This segmentation allows for an assessment of forecasting models across different occu-
pancy capacities and demand conditions.
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Two widely used time series forecasting models are employed to analyze reservation trends. 
SARIMA is known for its ability to model time series data with strong seasonal components 
(Konarasinghe, 2018), while Prophet (developed by Facebook’s data science team) is recognized 
for its flexibility in handling missing data, trend shifts, and holiday effects (Parise et al., 2021). 
The models are trained and tested using the collected booking data, and their performance is 
evaluated based on key forecasting accuracy metrics, including Mean Absolute Error (MAE), 
Mean Squared Error (MSE), Root Mean Squared Error (RMSE), Mean Absolute Percentage 
Error (MAPE), Symmetric Mean Absolute Percentage Error (sMAPE), Theil’s U Statistic, and 
R-squared (R²). These metrics provide a detailed analysis of the prediction accuracy and model 
reliability in forecasting hotel reservations.

To assess the variability and reliability of the forecasts, Monte Carlo simulations are conducted. The 
process involves generating 1,000 simulations to model different potential reservation scenarios 
(Danbatta & Varol, 2021), utilizing model residuals to create a distribution of possible outcomes, 
calculating the mean and standard deviation of errors to estimate uncertainty in predictions, and 
analyzing forecast confidence intervals to provide hotel managers with a risk assessment of book-
ing trends. Monte Carlo simulations help evaluate potential deviations in forecasted reservations, 
ensuring that predictive models are robust under different scenarios.

3.	 RESULTS AND DISCUSSION

This study analyzes daily bookings at a hotel in Vlora, Albania, using data collected from 2021 
to 2023, covering the post-COVID-19 period. The analysis was conducted using R statistical 
software. The dataset is segmented into two distinct periods: June 20, 2021 – April 30, 2022, and 
May 1, 2022 – January 31, 2023. During these periods, the maximum number of available rooms 
was 27 in the first period and 45 in the second period. This segmentation was chosen to reflect 
industry-relevant operational conditions, where hotels adjust capacity based on seasonal demand 
fluctuations or expansion strategies. The study evaluates the forecasting performance of SARIMA 
and Prophet models in predicting hotel bookings, offering insights into demand fluctuations and 
booking trends.

The forecasting models were implemented using structured data preparation techniques. First, the 
Prophet model was structured with historical booking data, incorporating seasonal effects, trend 
changes, and holiday influences. In contrast, the SARIMA model was optimized for capturing 
seasonal dependencies and time-lag effects. The trained models were evaluated using multiple 
performance metrics, including MAE, MSE, RMSE, MAPE, sMAPE, Theil’s U, and R², to deter-
mine their predictive accuracy.

To ensure the forecasts were comparable, normalization of predicted and actual values was performed 
relative to the corresponding room capacities. This normalization allowed for a fair assessment 
of accuracy across different occupancy levels, ensuring that forecast errors were analyzed in the 
context of room availability. The comparative performance of SARIMA and Prophet across the 
two periods provides valuable insights into model suitability under varying demand conditions.

The performance of SARIMA and Prophet models is compared across the two periods, reveal-
ing distinct patterns in accuracy and reliability. The results, summarized in Table 1, indicate 
that Prophet outperformed SARIMA in the first period, achieving lower error values and higher 
explained variance. However, in the second period, SARIMA demonstrated significant improve-
ment, surpassing Prophet in predictive accuracy.
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Table 1. Performance Metrics Results of SARIMA and Prophet Models Across Two Periods
Metrics SARIMA (Period 1) Prophet (Period 1) SARIMA (Period 2) Prophet (Period 2)
MAE 0.1399 0.1155 0.0970 0.1187
MSE 0.0342 0.0235 0.0202 0.0238
RMSE 0.1849 0.1534 0.1421 0.1543
MAPE 87.26% 58.19% 60.10% 79.52%
sMAPE 67.36% 54.05% 46.55% 49.14%
Theil's U 0.5969 0.4952 0.4241 0.4605
R² 0.6437 0.7548 0.8201 0.7879

Source: Own processing

During the first period, Prophet demonstrated superior forecasting performance across all key 
metrics. The lower MAE, MSE, and RMSE values suggest that Prophet’s predictions were closer 
to actual booking values. Additionally, the R² value of 75.48% indicates a strong ability to explain 
variations in booking patterns, compared to 64.37% for SARIMA. These results highlight Prophet’s 
effectiveness in capturing fluctuations and anomalies within shorter time horizons.

In the second period, SARIMA outperformed Prophet, showing a notable decrease in error metrics. 
The MAE, MSE, and RMSE values declined significantly, indicating improved forecast precision. 
The R² value increased to 82.01%, suggesting that SARIMA better captured the booking trends 
in this period. This shift in performance suggests that demand patterns became more stable over 
time, allowing SARIMA’s seasonality-based approach to provide more reliable forecasts.

Figures 1 and 2 illustrate the forecasted values for SARIMA and Prophet across both periods.

Figure 1. The graph comparing the SARIMA model and the Prophet model  
for the first period of data analysis.

Source: Own processing

In the first period, the observed values (blue) exhibit high variability, reflecting seasonal fluctuations 
in hotel bookings. Prophet (green, dotted line) aligns well with these fluctuations, demonstrating 
its capability to adapt to irregular demand. Meanwhile, SARIMA (red, dashed line) shows a less 
flexible fit, capturing general trends but struggling with abrupt changes.
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Figure 2. The graph comparing the SARIMA model and the Prophet model for the second 
period of data analysis.
Source: Own processing

In the second period, the trend appears more stable, with fewer abrupt fluctuations. SARIMA’s 
fit significantly improves, closely tracking actual booking patterns. Prophet continues to perform 
well, but its flexibility in capturing anomalies appears less necessary given the more predictable 
demand.

3.1.	 Monte Carlo Simulations

To further assess model reliability, Monte Carlo simulations were conducted, generating 1,000 
simulated booking scenarios for each model. This approach evaluates forecast variability and 
provides confidence intervals for expected bookings.

Table 2. The results of MMSP values for SARIMA and Prophet models across two periods
Model Period Min Value (MMSP) Max Value (MMSP) Average Value (MMSP)
SARIMA Period 1 5.81 7.29 6.73
Prophet Period 1 7.14 8.65 7.83
SARIMA Period 2 18.22 20.58 19.43
Prophet Period 2 18.39 20.36 19.36

Source: Own processing

In the first period, Prophet exhibited higher variability, as indicated by a broader range of simu-
lated values (7.14 to 8.65), compared to SARIMA’s range (5.81 to 7.29).

In the second period, SARIMA produced more stable and reliable forecasts, with an average 
predicted booking of 19.43, closely matching actual demand trends.
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Figure 3. SARIMA vs. Prophet: Graphical Comparison with Monte Carlo Simulation

Source: Own processing

Monte Carlo simulations highlight forecast variability, showing that Prophet exhibited greater 
fluctuations in the first period, while SARIMA produced more stable predictions in the second 
period. The confidence intervals demonstrate that SARIMA’s forecasts aligned more closely with 
actual bookings during the second period, reinforcing its suitability for stable demand patterns.

These results emphasize the importance of dynamic model selection in hotel revenue manage-
ment. Prophet is more effective when demand is volatile, while SARIMA performs better when 
demand stabilizes. The ability to switch between models ensures accurate forecasting under 
different market conditions.

Incorporating Monte Carlo analysis enhances forecast confidence and risk assessment, helping 
hotel managers anticipate demand fluctuations and develop contingency plans. By leveraging these 
insights, hotels can optimize pricing strategies, resource allocation, and marketing campaigns to 
align with demand patterns.

Prophet is highly effective for periods with volatile demand, capturing fluctuations better. SARIMA 
becomes more reliable when demand stabilizes, outperforming Prophet in the second period. Monte 
Carlo simulations enhance forecast robustness, offering a probabilistic view of future bookings. 
Hotels should adopt a hybrid approach, switching models based on prevailing demand patterns. 
By integrating these findings into hotel revenue management strategies, decision-makers can 
enhance forecast accuracy, optimize pricing models, and improve overall business efficiency.
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4.	 CONCLUSION

This study highlights the necessity of dynamic forecasting models in hotel revenue management, 
emphasizing that model selection must align with evolving demand trends. The analysis revealed 
that Prophet is particularly effective in handling volatile demand patterns, capturing fluctuations 
and irregularities with higher accuracy in dynamic environments. On the other hand, SARIMA 
showed superior performance in more stable periods, leveraging its ability to model seasonality 
and long-term trends. This finding highlights the necessity for hotel managers to adopt a flexible, 
data-driven approach to forecasting, where model selection is continuously reassessed based on 
changing market conditions.

The integration of Monte Carlo simulations further enhances forecast reliability by providing a 
probabilistic assessment of future bookings. This technique allows decision-makers to quantify 
uncertainty, improving their ability to mitigate risks associated with fluctuating demand. The 
findings suggest that incorporating Monte Carlo analysis into revenue management strategies 
can enhance predictive accuracy, enabling hotels to optimize pricing, maximize occupancy, and 
allocate resources more efficiently.

While this study provides valuable insights, it is limited to data from a single hotel, which may 
restrict generalizability. Future research should expand the dataset to include multiple hotels of 
varying sizes, locations, and market segments to assess the broader applicability of SARIMA and 
Prophet models. Additionally, the study does not incorporate external economic factors, marketing 
influences, or competitor pricing strategies, which may impact booking trends. Incorporating 
these variables in future studies could enhance model accuracy.

Another limitation is the lack of real-time dynamic adjustments within the forecasting models. 
Future studies could explore hybrid forecasting techniques, integrating SARIMA, Prophet, and 
machine learning approaches to develop more responsive predictive systems. Furthermore, the 
potential integration of forecasting models with dynamic pricing algorithms should be investigated 
to enable real-time adjustments based on fluctuating demand.

Ultimately, this study highlights the transformative potential of forecasting models in hotel revenue 
management. By adopting advanced predictive tools and continuously refining forecasting meth-
odologies, hotel managers can make more informed strategic decisions, improving both operational 
efficiency and long-term profitability. As the hospitality industry continues to evolve in response 
to global trends and economic fluctuations, leveraging data-driven forecasting solutions will be 
instrumental in maintaining sustainable growth and a competitive advantage.
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