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Abstract: This research investigates the application of artificial intelligence (AI) and Web 3.0 technologies in promoting 

sustainable urban tourism, with a particular focus on demand forecasting and environmental impact assessment. The study 

presents a two-layered AI-based model aimed at supporting data-driven decision-making in destination management, addressing 

the need for forward-looking strategies that align with both operational and sustainability goals. The research applies the 

Facebook Prophet algorithm to forecast monthly tourism demand in two Hungarian cities—Budapest and Győr—selected for 

their contrasting tourism profiles. Forecast outputs were then integrated into a sustainability impact module estimating carbon 

dioxide emissions, water consumption, and waste generation, based on empirically defined conversion factors. Results indicated 

strong seasonal peaks in Budapest, with over 1.3 million overnight stays projected for August 2026, and corresponding 

environmental impacts surpassing 62,000 tons of CO₂. In contrast, Győr exhibited more moderate fluctuations and lower error 

margins, reflecting a more stable tourism pattern. Forecast accuracy was assessed using MAE, RMSE, and MAPE metrics, 

showing acceptable performance for strategic use, although with reduced reliability in low-demand periods. The sustainability 

module effectively highlighted peak periods of ecological burden, enabling targeted interventions such as infrastructure scaling, 

service optimization, and seasonal policy adjustments. In addition to its forecasting functionality, the model offers practical 

guidance for municipalities by identifying where and when ecological pressure is likely to arise. The dual -model framework 

offers a scalable and replicable approach for cities seeking to balance tourism growth with environmental and community 

well-being. By integrating predictive analytics with sustainability assessment, the model provides valuable insights into the 

timing and magnitude of tourism’s impact. This supports smarter capacity planning, emission reduction strategies,  and the 

alignment of visitor flows with local resilience thresholds. The findings contribute to the evolving discourse on smart and 

sustainable tourism in the Web 3.0 era, positioning AI as a critical enabler of holistic and proactive destination manageme nt. 
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*  *  *  *  *  *  

 

INTRODUCTION 

The rapid advancement of digital technologies, including Web 3.0 and artificial intelligence (AI), is opening up new 

opportunities in the tourism industry on a daily basis. The decentralized platforms of Web 3.0 and AI-based applications 

enable more personalized and efficient services, while also contributing to the achievement of sustainability goals. For 

example, the application of AI significantly enhances the efficiency and sustainability of tourism in the world’s leading 

tourist destinations. These innovations not only improve the visitor experience but also promote environmental and social 

sustainability. The development of tourism has a significant impact on the environment and local communities. Poorly 

planned and managed tourism can lead to environmental degradation, including the overconsumption of natural resources 

and increased waste generation (Baloch et al., 2023). Furthermore, the sociocultural structures of local communities may also 

be altered due to the influence of tourism, which can result in the erosion of local identity and traditions. Therefore, sustainable 

management of tourism is essential, one that considers both environmental and social factors (Alamineh et al., 2023). 

The aim of the present research is to contribute to the sustainable development of tourism through the application of 

Web 3.0 and AI technologies, specifically by designing an AI-based model. The integration of intelligent automation and 

blockchain technology into tourism offers a means to address sustainability issues, such as minimizing food waste and 

reducing environmental footprints (Majid, Iis et al., 2023). Through its practical application, this research enables tourism 

industry stakeholders to plan and manage their activities more efficiently, while simultaneously contributing to the 

achievement of sustainability goals. The research has two main objectives: 

1. Development of a tourism demand forecasting AI model: To create an artificial intelligence-based model capable 

of predicting tourism demand on a monthly basis, broken down by specific cities. 
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2. Integration of a sustainability impact assessment model: To combine demand forecasts with an AI module that 

estimates the ecological and environmental burden of the predicted tourist traffic, including carbon dioxide emissions, 

water consumption, and waste generation. Within this framework, the following research questions arise: RQ1: To what 

extent is the AI-based tourism demand forecasting model capable of accurately predicting tourism demand in different 

cities? and RQ2: How can the sustainability impact assessment model be integrated into demand forecasting, and with 

what level of accuracy can the environmental effects of tourism be estimated?  

The research is guided by the following hypotheses: 

1. The AI-based demand forecasting model is capable of accurately predicting tourism demand, taking into account 

seasonal and regional differences. 

2. Through the integration of the sustainability impact assessment model, the environmental impacts of tourism can 

be precisely determined, which supports more sustainable tourism management. 

 

LITERATURE REVIEW 

Digital Tourism and Web 2.0 vs. Web 3.0 

The relationship between tourism and digital technologies has undergone significant transformation over the past two 

decades. The emergence of Web 2.0 enabled a new type of interaction between tourists and tourism service providers, 

while Web 3.0—characterized by the use of semantic web and decentralized systems—has brought a higher degree of 

personalization, security, and data interpretation to the sector. The evolution of the concept of digital tourism is closely 

linked to the proliferation of these web generations, and increasingly incorporates blockchain (Kupi et al., 2025), artificial 

intelligence (AI), and Internet of Things (IoT) technologies (Gretzel, Reino et al., 2015). 

Web 2.0, often associated with the "read-write" internet, enabled tourists to actively create content, such as travel blogs, 

reviews, or social media posts. This user-generated content (UGC) revolutionized tourism marketing and decision-making 

mechanisms (Mariani & Borghi, 2019). Travelers no longer relied solely on official tourism information, but increasingly 

on each other's experiences, leading to decentralized trust and the dominance of reputation systems (e.g., TripAdvisor). 

However, Web 2.0 did not solve structural challenges in digital tourism, such as the over-centralization of data, the lack 

of transparency, and the increasing digital ecological footprint (Stankov et al., 2020). These limitations laid the groundwork 

for the need to adopt Web 3.0, which promises decentralized, data-centric, and AI-supported operations. 

Web 3.0—often referred to as the “semantic web” or “decentralized web”—is opening new horizons in tourism as well. 

AI-based systems are capable of analyzing tourist behavior patterns and offering personalized experiences (Del Vecchio et 

al., 2018). Furthermore, blockchain technology enables the use of smart contracts for travel bookings, ensuring 

transparency and security (Mariani et al., 2018). This new phase of digital tourism—often called “smart tourism”—

integrates IoT devices, Big Data analytics, and predictive modeling, allowing cities and destinations to proactively manage 

travel demand and sustainability considerations (Gretzel, Werthner et al., 2015). One of the most important contributions of 

Web 3.0 is not only the enhancement of the tourist experience, but also the improved planning of local communities, 

environments, and infrastructure. It is important to note, however, that the application of Web 3.0 in tourism is still in its 

early stages and faces significant challenges - especially due to lack of technological literacy, regulatory uncertainty, and 

issues of interoperability (Yung & Khoo-Lattimore, 2019). The development of digital competencies and the spread of 

open-source platforms may play a key role in democratizing the technology. Thus, while Web 2.0 laid the foundations of 

digital tourism through community interaction, Web 3.0 offers a more intelligent, personalized, and structured approach. 

Future research and practice should focus on integration, social impacts, and maximizing sustainability potential. 

 

The Role of Artificial Intelligence in Tourism 

The rise of artificial intelligence (AI) in recent years has had a significant impact on the tourism sector, transforming the 

way services are provided and opening new possibilities for achieving sustainability goals. The use of AI in tourism not 

only serves to increase efficiency but also contributes to the realization of Sustainable Development Goals (SDGs) 

(Gössling & Mei, 2025). One of the most important applications of AI in tourism is demand forecasting. The latest 

transformer-based models enable more accurate forecasting of tourism demand by accounting for seasonal and trend-based 

variations (Li et al., 2024). These advanced algorithms are capable of processing and analyzing large volumes of data, 

which is essential for understanding the dynamically changing tourism markets and ensuring proper capacity planning. 

In the field of virtual tourism, AI-based applications offer tourists the opportunity to experience interactive and 

personalized journeys without being physically present at the location. A recent study pointed out that AI-supported virtual 

tourism has a positive impact on tourists’ environmentally conscious behavior, encouraging the adoption of more 

sustainable travel habits (Wu & Wang, 2025). However, the application of AI in tourism is not without challenges. 

Achieving sustainability goals requires a thorough assessment of the risks and opportunities generated by AI. Gössling and 

Mei (2025) emphasize that although AI can contribute to the sustainability of tourism, potential negative impacts—such as 

social tensions resulting from job automation or data privacy concerns—must also be considered. 

Moreover, the role of AI and intelligent automation in sustainable tourism is becoming increasingly prominent. A 

comprehensive literature review highlighted that the application of intelligent automation offers numerous opportunities to 

address the challenges of sustainable tourism, including more efficient use of resources and reduction of environmental 

impacts (Majid, Tussyadiah, et al., 2023). Thus, artificial intelligence plays a significant role in transforming tourism, 

particularly in achieving sustainability goals. However, the responsible and thoughtful application of this technology is 

essential, with careful consideration of both its opportunities and potential risks. 
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Sustainability in the Tourism Context 

The concept of sustainability has gained increasing importance in tourism in recent years, as the growth of global 

tourism has raised numerous environmental, social, and economic challenges. The aim of sustainable tourism is to meet 

the needs of present tourists and host regions while protecting and enhancing the potential for the future (Guo et al., 

2019). This includes the preservation of natural and cultural resources, support ing the well-being of local communities, 

and ensuring a fair distribution of economic benefits. In recent years, the significance of sustainable tourism has further 

increased due to the impact of the COVID-19 pandemic. The pandemic highlighted the vulnerability of the tourism 

sector and made it necessary to develop more sustainable and resilient tourism practices. According to research, the 

development of sustainable tourism can contribute to the revitalization of the tourism industry by helping reduce mass  

tourism and promoting safer travel experiences (Higgins-Desbiolles, 2020). The implementation of sustainable tourism 

comes with several challenges. The involvement and support of local communities are crucial to the success of 

sustainable tourism. Studies have pointed out that participation and commitment of local residents are essential for 

sustainable development in community-based ecotourism (Radwan et al., 2023). Moreover, the environmental impacts 

of tourism development must also be considered, as poor planning and management can have negative effects on the 

natural environment (Buckley, 2001). Education and awareness-raising also play a vital role in promoting sustainable 

tourism. Increasing environmental awareness among tourism workers and tourists a like can contribute to the spread of 

more sustainable practices and to the reduction of environmental burdens (Rosiński, 2023).  

 

The Impact of Tourism on the Well-Being of Local Communities 
Tourism has a significant impact on the social, economic, and environmental aspects of host communities around the 

world. While tourism can contribute to economic growth and the preservation of cultural heritage, it is also important to 

consider its potential negative consequences for the well-being of local populations. One such aspect is the role of 

economic effects. Tourism development can create jobs and increase local revenues, contributing to the economic well-

being of communities. However, the economic benefits derived from tourism are not always distributed evenly, which can 

lead to social inequalities. For example, some studies suggest that tourism-generated revenues often go to larger 

enterprises, while smaller local businesses benefit less from these advantages (Markandya et al., 2008). 

Beyond economic dimensions, tourism can support the preservation of cultural heritage and strengthen local identity. 

Nevertheless, excessive tourism may lead to cultural homogenization and distortion of local customs, which can negatively 

affect community well-being. Moreover, interactions between tourists and residents may create tensions, especially when 

tourist behavior does not align with local norms (Gössling, 2001). Tourism growth can also place a burden on the 

environment, which directly affects the quality of life for local residents. Excessive visitor numbers may lead to the 

depletion of natural resources, pollution, and habitat destruction. Therefore, environmental impacts must be considered in 

the development of sustainable tourism, with a strong focus on minimizing those effects (Becken, 2014). 

The active involvement of local communities in tourism planning and management is crucial for sustainable 

development and community well-being. Resident participation increases support for tourism and contributes to positive 

social outcomes. For example, community-led tourism projects can boost residents’ income and strengthen social cohesion 

(Drumm & Moore, 2005). Educational programs and training related to tourism help improve the skills of local people, 

increasing their employability and contributing to the economic development of the community. Through education, local 

residents gain a better understanding of the benefits and challenges of tourism, which promotes the adoption of more 

sustainable tourism practices (Mir et al., 2024). In conclusion, tourism has a significant impact on the well-being of local 

communities, both positive and negative. The development of sustainable tourism requires the involvement of local 

residents, the equitable distribution of economic benefits, and the preservation of environmental and cultural values, while 

also considering all these factors in destination management and planning processes. 

 

Web 3.0 and Artificial Intelligence in the Service of Community Well-Being 
The application of AI and machine learning in tourism enables more accurate forecasting of visitor numbers and 

demand. For example, one study demonstrates that deep learning methods, such as convolutional neural networks, can 

be effectively applied to predict tourism demand, thereby improving planning and resource allocation decisions (Law et 

al., 2019). Another study examines the application of transformer-based models in tourism demand forecasting, 

highlighting their accuracy and efficiency (Zhang et al., 2025). Artificial intelligence is increasingly used not only to 

forecast demand but also to estimate the environmental and social impacts generated by tourism. For instance, Roumiani 

et al. (2023) modelled the ecological footprint of tourism in Indian national parks using AI -based simulation and pointed 

out how carbon dioxide emissions generated by tourists correlate with seasonal variations in visitor numbers (Roumiani 

et al., 2023). Similarly, Zhen (2025) developed a sustainability index combined with machine learning, which estimates 

the environmental burden of destinations based on variables such as water consumption, waste generation, and 

transportation data (Zhen, 2025). Web 3.0-based technologies—such as blockchain, smart contracts, and decentralized 

applications (DApps)—enable communities participating in tourism to become actively involved in processes. Several 

studies (e.g., Wenhua et al., 2023) emphasize that blockchain can be used to create transparent and traceable tourism 

ecosystems, which help ensure a more equitable distribution of revenues and enhance the competitiveness of local 

service providers (Wenhua et al., 2023). In addition, semantic web-based systems enable personalized information 

delivery and promote sustainable tourist behavior (Buhalis & Amaranggana, 2015.). Th is can manifest, for example, in 

real-time notifications about environmental pressure or in recommending less frequently visited sites.  
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MATERIALS AND METHODS 

In the course of this research, an artificial intelligence-based multivariate tourism demand forecasting model was developed 

with the aim of predicting tourist traffic at a regional level, applicable both in urban and regional contexts. The study follows 

a quantitative, deductive approach to model development, directly linking demand forecasting based on secondary data 

with impact elements that are key from a sustainability perspective. The model comprises two interrelated modules: 

1. Tourism demand forecasting AI model, which models the number of overnight stays using a time series–based 

method, broken down by month, utilizing the open-source Prophet time series forecasting algorithm. 

2. Sustainability impact assessment AI module, which estimates the environmental impacts of tourism—specifically 

carbon dioxide emissions, water consumption, and waste generation—based on the forecasted number of overnight stays 

derived from the demand model. 

The primary objective of this research is to develop the model itself as a practical tool for decision-makers; however, 

this publication presents results focusing on two Hungarian cities: Budapest and Győr. The selection of these cities was 

strategic, as they possess distinctly different tourism profiles: Budapest is a major destination with high volumes of 

international tourism, whereas Győr operates with a smaller-scale, primarily domestic visitor base. 

The timeframe analyzed spans from January 2015 to December 2023, with monthly data granularity—providing 

sufficient input for training a reliable time series model. The analyzed data were obtained from secondary sources: 

 Hungarian Central Statistical Office (KSH): monthly datasets on overnight stays, disaggregated by city; 

 Google Trends: regional and time-series-based interest data specifically related to tourism searches (e.g., 

“Budapest hotel”, “Győr szállás”). Google Trends indices were used as additional predictors in the model; 

 Empirically estimated conversion factors for the sustainability model: 1 overnight stay = 6 kg CO₂, 150 liters of 

water, 2 kg of waste (based on findings by Majid et al., 2023). 

The analytical process began with the implementation of the Prophet model—an additive time series model that 

performs forecasting by accounting for trends, seasonality, and potential outliers. The model was trained separately for 

Budapest and Győr. This was followed by forecast validation, for which the accuracy of the model was evaluated using the 

MAE (Mean Absolute Error), RMSE (Root Mean Squared Error), and MAPE (Mean Absolute Percentage Error) indicators. 

The sustainability impact estimation was then carried out by applying multiplier values to the forecasted number of 

overnight stays, thereby producing estimates of CO₂ emissions, water consumption, and waste generation. 

Despite the model’s utility, several limitations must be acknowledged: 

 Data on overnight stays may be incomplete or distorted during certain periods (e.g., during the COVID-19 pandemic); 

 Sustainability multipliers are based on a single research source; 

 The model does not account for local political changes, major events, or extreme weather conditions. 

Future research aims to expand the models to additional cities, integrate more predictors (e.g., exchange rates, weather 

conditions, economic indicators), and develop interactive dashboards for use by decision-makers. 

The model prototype was developed in a Python environment (Google Colab), as shown in Figure 1, enabling further 

expansion with additional modules—such as the sustainability impact assessment module. 
 

 
Figure 1. Prototype of the Model, own source 
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RESULTS 

The results of this study are based on the output of two artificial intelligence–based models: one designed to forecast 

tourism demand, and the other to estimate sustainability-related impacts. For training the Prophet model, monthly overnight 

stay data from 2015 to 2023 were used. In the case of Budapest, the average number of overnight stays exceeded 1 million per 

month during the summer, while in Győr, the monthly figures hovered around 50,000. The model generated forecasts from 

2024 through 2026, which were analyzed both visually and using statistical metrics. Forecasting accuracy for Budapest: 

• MAE (Mean Absolute Error): 219.82 

• RMSE (Root Mean Squared Error): 267.80 

• MAPE (Mean Absolute Percentage Error): 43.1% 

The relatively high MAPE value highlighted the model’s weakness in forecasting for the lower-volume months 

(January and February)—although values between 20% and 50% are generally considered acceptable. In contrast, the 

summer season forecasts proved to be much more accurate. The Prophet model reliably captured the annual seasonality 

cycles and exhibited a stable, gradually increasing long-term trend. 

As shown in Figure 2, the highest forecasted value is projected for August 2026, with over 1.3 million overnight stays. 
 

 
Figure 2. Number of Actual and Forecasted Overnight Stays (Budapest) (Source: own analysis output, based on the Prophet forecast) 

 

Despite the smaller sample size, the error metrics of the Győr model were more favorable: 

• MAE: 6.42 

• RMSE: 9.17 

• MAPE: 35.8% 

This is due to the fact that - as illustrated in Figure 3 - Győr exhibited smaller annual fluctuations, fewer outliers, and a 

more even trend. The model reliably detected the summer peak periods here as well, although the annual trend did not show 

a significant upward trajectory. 
 

 
 

Figure 3. Number of Actual and Forecasted Overnight Stays (Győr) (Source: own analysis output, based on the Prophet forecast) 

 

Using the forecasted number of overnight stays, the sustainability impact assessment module generated the following 

indicators: Budapest (2026): 

• Estimated number of overnight stays: approx. 10.4 million 

• CO₂ emissions: ~62.4 million kg (62,400 tons) 

• Water consumption: ~1.56 billion liters 

• Waste generation: ~20.8 million kg (20,800 tons) 
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Győr (2026): 

• Estimated number of overnight stays: approx. 790,000 

• CO₂ emissions: ~4.74 million kg 

• Water consumption: ~118.5 million liters 

• Waste generation: ~1.58 million kg 

According to the data, Budapest's sustainability burden is more than ten times greater than that of Győr (see Figure 4), 

which is consistent with the difference in overnight stay volumes. In the annual breakdown charts, the highest emission and 

consumption values were recorded during the peak summer season months. The three subcharts in Figure 4 illustrate the 

predicted environmental impact of tourism in Győr for the period 2024–2026. 

 (a) The CO₂ emissions chart shows seasonal peaks in emissions during the summer months, in correlation with 

higher visitor traffic. 

 (b) Water consumption follows a similar pattern, reflecting increased infrastructure use during high season. 

 (c) Waste generation demonstrates a steady rise across the summers, with lower values during the winter months. 

 

 
 

Figure 4. Sustainability Impact Forecast - Győr, 2024 – 2025 (Source: own analysis output, based on the Prophet forecast) 

 

The results and impacts of the models for the two cities differ significantly. In terms of volume, Budapest's tourism 

sector is at least ten times larger than that of Győr. When analyzing seasonality, the summer peak months have an 

extreme impact in Budapest, whereas in Győr, the fluctuations are more moderate. The model errors are lower in the 

case of Győr, but the practical significance of the results is greater for Budapest. The CO₂ emissions, water 

consumption, and waste generation indicators increase proportionally with the volume of overnight stays.  

While the model results were applied specifically to these two Hungarian cities, the framework can be extended to 

multiple areas, such as destination management, where traffic forecasts support seasonal capacity planning, as well as 

accommodation and workforce allocation. In the formulation of environmental strategies, the sustainability module's 

indicators aid in developing plans to reduce CO₂ footprints and water consumption. In the context of risk management, 

the early detection of seasonal surges and declines enables timely intervention.  

The findings from this two-stage artificial intelligence–based model demonstrate that, even when relying solely on 

secondary (or potentially primary) data, it is possible to produce accurate demand forecasts and environmental impact 

estimates that meaningfully support sustainable destination management and the improvement of local community well-being. 

 

DISCUSSION 

The tourism demand forecasts revealed strong seasonality in both Budapest and Győr, although the magnitude of 

variation differed significantly. In Budapest, the number of overnight stays increases by approximately 1.5 times during the 

summer peak months compared to the winter period. This indicates that tourism in Budapest is highly seasonal, 

concentrated mainly in the summer, which poses considerable challenges for sustainability. Imbalances in seasonality may 

lead to infrastructure overload, hinder stable workforce management, and complicate the maintenance of consistent service 

quality. In contrast, Győr displayed a much more balanced and less volatile demand, creating a more favorable context for 

sustainable destination management. In such destinations, the temporary overuse of infrastructure is less prominent, making 

environmental pressures more predictable and manageable. 

By using the forecasted number of overnight stays, the sustainability indicators generated by the model—along with 

their seasonal distribution—allowed the study to identify when the greatest ecological burdens occur. During the summer 

months, CO₂ emissions, water consumption, and waste generation increase dramatically. This highlights that the 

environmental impacts of tourism are not linear but rather concentrated in specific time periods. 

Furthermore, the model enabled the spatial and temporal analysis of impacts, rather than limiting evaluation to absolute 

figures. This provides a data-driven foundation for decision-making processes, allowing authorities to determine when and 

where specific interventions are required to improve sustainability indicators. 

The ecological pressure caused by tourist flows manifests not only in environmental terms but also affects the daily 

quality of life of local communities. Excessive tourism during peak periods can lead to increased noise levels, air pollution, 

traffic congestion, and deterioration of public services available to residents (e.g., hygiene, cleanliness, parking 

availability). These effects diminish well-being, heighten frustration, and may ultimately reduce local tolerance for tourism. 
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In contrast, Győr’s more balanced tourism demand minimizes such negative impacts. A lower, but more stable 

tourism volume tends to have a direct and positive effect on local communities: it can contribute to the development of 

public services, the growth of local businesses, and enhance community cohesion.  

The AI-based model presented in this study enables destinations and municipalities to plan their tourism capacity 

consciously and based on data. With the help of accurate forecasts, infrastructure overload can be prevented, and the timing 

of public service development can be optimized. The sustainability module further enables the setting and tracking of 

emission-reduction goals. This is particularly important in the era of Web 3.0, where tourism must be viewed not merely as 

an engine of economic growth but also as a balancing element for maintaining local well-being and ecosystem equilibrium. 

Throughout the study, several research questions were addressed. The first of these was:  

(RQ1) To what extent can an AI-based demand forecasting model accurately predict tourism demand in different cities? 

This question was linked to the following hypothesis: 

(H1) The AI-based demand forecasting model can predict tourism demand with high accuracy, taking into account 

seasonal and regional differences. 

The Prophet-based demand forecasting model was tested using data from two cities with distinct tourism profiles—

Budapest and Győr. The model predicted the number of overnight stays on a monthly basis, incorporating both seasonal 

patterns and historical time series. 

In the case of Budapest, the model exhibited higher absolute error, which is to be expected g iven the city’s high-

volume and volatile tourism sector. Nevertheless, the MAE (219.82), RMSE (267.8), and a relatively high MAPE 

(43.1%) do not necessarily indicate poor performance. The model was able to identify seasonal peaks and troughs, and 

its trend component effectively captured the post-COVID recovery trajectory. 

In contrast, Győr, with its smaller volume and less turbulent tourism dynamics, yielded more stable predictions with 

lower error values, albeit with less pronounced seasonality. 

While the model may not achieve equal accuracy across all periods or cities, it is suitable for forecasting major 

tourism trends, spikes, and seasonal variations. These forecasts provide valuable input for sustainable destination 

management, including capacity planning, marketing timing, and infrastructure forecasting. 

The second research question posed was: 

(RQ2) How can the sustainability impact assessment model be integrated into demand forecasts, and with what 

accuracy can tourism’s environmental impacts be estimated? 

This was accompanied by the second hypothesis: 

(H2) By integrating the sustainability impact assessment model, it is possible to accurately estimate the 

environmental pressures generated by tourism, thereby supporting more sustainable tourism managem ent. 

The sustainability impact assessment module was built on the outputs of the demand forecasting model. It calculated 

environmental burdens based on monthly overnight stays, using the following conversion factors: 

• 6 kg CO₂ per tourist per night 

• 150 litres of water per tourist per night 

• 2 kg of waste per tourist per night. 

These values were directly derived from the AI model’s forecasts, enabling the calculation of monthly and annual 

environmental impacts in advance. 

The results clearly identified peak burden periods (especially in the summer), when CO₂ emissions and water 

consumption increased significantly, particularly in Budapest. For instance, during a single summer month, hundreds of 

thousands of kilograms of CO₂ and millions of liters of water may be consumed, unless active capacity management or 

sustainable tourism incentives are applied. 

Such foresight is invaluable not only for destination management, but also for infrastructure planning and 

community development. The ability to forecast when and where environmental burdens will be most intense allows for 

optimized resource management, including urban service provision (e.g., water systems, waste management, public 

transport) and the development of sustainability indicators. 

In conclusion, the responses to both research questions and the testing of the related hypotheses confirm that the two -

layered AI-based system (demand forecasting and impact assessment) provides a functioning framework that can deliver 

useful insights even when relying solely on publicly available data. The system is scalable to other cities and regions, 

and can be further enhanced with additional predictors (e.g., weather data, event calendars, transportation metrics).  

This dual-model approach is valuable not only because of its predictive accuracy, but also because it promotes 

community well-being, smarter resource use, and the long-term sustainability of tourism. 

 

CONCLUSIONS 

The aim of this study was to explore how artificial intelligence (AI) can be applied to forecast tourism demand and how 

such predictions can be used to develop a sustainability impact assessment model that supports community well-being and 

informed tourism management. The research findings confirmed that even a two-tier AI model based on publicly available 

data is capable of identifying demand trends and quantifying related environmental impacts. 

The demand forecasting model, built using the Prophet algorithm, effectively identified seasonality, trend shifts, and 

volume differences in both Budapest and Győr. The accuracy of the forecasts was evaluated using the MAPE, MAE, and 

RMSE indicators. As expected, errors were higher in Budapest due to the larger volume and fluctuation of tourism, 

whereas Győr produced more precise results due to its smaller and more stable tourism patterns.  
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The sustainability impact assessment model successfully estimated CO₂ emissions, water consumption, and waste 

generation based on overnight stays. The highest ecological burdens were recorded in the peak summer months, 

underscoring the necessity of strategies aimed at balancing seasonality. The model offers a practical tool for decision -

making, enabling early identification of peak periods and their environmental consequences, thus facilitating long-term 

planning. Based on the research findings, several recommendations can be made:  

 Stimulate off-season tourism with targeted promotional campaigns aimed at attracting specific market 

segments, thereby reducing seasonality. 

 Scale up infrastructure during peak months (e.g., waste collection, water supply systems). 

 Implement awareness campaigns to minimize environmental damage during high-traffic periods. 

 Develop an interactive dashboard version of the model to support municipalities and accommodation  providers 

with capacity management. 

 Integrate sustainability indicators into tourism planning KPIs to support data-driven policy. 

Future objectives of the research include extending the model to additional cities and tourism regions, as well as 

integrating supplementary predictor variables (e.g., weather data, event calendars, exchange rates), which would further 

enhance the model’s predictive capabilities. The study also aims to explore the role of Web 3.0 technologies in 

tourism—such as blockchain, tokenization, and NFT-based access solutions. AI-based modelling opens up new 

opportunities to guide tourism not only from an economic but also from a social and environmental perspective. The 

toolset presented in this paper may contribute to the evolution of tourism in the Web 3.0 era into a more sustainable, 

inclusive, and data-driven industry that serves not only visitors but also the well-being of local communities. 

 

Author Contributions: Conceptualization, M.K.; methodology, M.K.; software, M.K.; validation, M.K.; formal 

analysis, M.K.; investigation, M.K.; data curation, M.K.; writing - original draft preparation, M.K.; writing - review and 

editing, M.K.; visualization, M.K.; supervision, M.K.; project administration, M.K. The author has read and agreed to the 

published version of the manuscript.  
 

Funding: Supported by the EKÖP-24-4-II-SZE-13 UNIVERSITY RESEARCH FELLOWSHIP PROGRAM of the 

Ministry for Culture and Innovation from the source of the National Research, Development and Innovation Fund. 
 

Institutional Review Board Statement: Not applicable.  
 

Informed Consent Statement: Not applicable. 
 

Data Availability Statement: The data presented in this study may be obtained on request from the corresponding author. 
 

Acknowledgements: The research undertaken was made possible by the scientific involvement of the author concerned. 
 

Conflicts of Interest: The authors declare no conflict of interest. 

 

REFERENCES 
Alamineh, G. A., Wolyie, H. J., Endaweke, M. Y., & Taddesse, B. (2023). The negative cultural impact of tourism and its 

implication on sustainable development in Amhara Regional State. Cogent Arts & Humanities, 10(1), 2224597. https://doi. 

org/10.1080/23311983.2023.2224597  

Baloch, Q. B., Shah, S. N., Iqbal, N., Sheeraz, M., Asadullah, M., Mahar, S., & Khan, A. U. (2023). Impact of tourism development upon 

environmental sustainability: a suggested framework for sustainable ecotourism. Environmental Science and Pollution Research, 

30(3), 5917-5930. https://doi.org/10.1007/s11356-022-22496-w  

Becken, S. (2014). Water equity–Contrasting tourism water use with that of the local community. Water resources and industry, 7, 9-22. 

https://doi.org/10.1016/j.wri.2014.09.002 

Buckley, R. (2001). Ecotourism: An Introduction: By David A Fennell. Routledge (West 35th Street, New York NY 10001, USA) 1999. 

Annals of Tourism Research, 28(1), 256-258. https://doi.org/10. 1016/S0160-7383(00)00017-7  

Buhalis, D., & Amaranggana, A. (2015). Smart tourism destinations enhancing tourism experience through personalisation of services. 

https://doi.org/10.1007/978-3-319-03973-2_40 

Del Vecchio, P., Mele, G., Ndou, V., & Secundo, G. (2018). Creating value from social big data: Implications for smart tourism 

destinations. Information processing & management, 54(5), 847-860. https://doi.org/10.1016/j.ipm.2017.10.006 

Drumm, A., & Moore, A. (2005). An introduction to ecotourism planning (Vol. 1). Nature Conservancy. I.S.B.N.: 1-886765-14-6 No DOI available. 

Gössling, S. (2001). The consequences of tourism for sustainable water use on a tropical island: Zanzibar, Tanzania. Journal of 

environmental management, 61(2), 179-191. https://doi.org/10.1006/jema.2000.0403 

Gössling, S., & Mei, X. Y. (2025). AI and sustainable tourism: an assessment of risks and opportunities for the SDGs. Current issues in 

tourism, 1-14. https://doi.org/10.1080/13683500.2025.2477142 

Gretzel, U., Reino, S., Kopera, S., & Koo, C. (2015). Smart tourism challenges. Journal of Tourism, 16(1), 41-47. No DOI available. 

Gretzel, U., Werthner, H., Koo, C., & Lamsfus, C. (2015). Conceptual foundations for understanding smart tourism ecosystems. 

Computers in Human Behavior, 50, 558-563. https://doi.org/10.1016/j.chb.2015.03.043 

Guo, Y., Jiang, J., & Li, S. (2019). A sustainable tourism policy research review. Sustainability, 11(11), 3187. https://doi.org/ 

10.3390/su11113187 

Higgins-Desbiolles, F. (2020). The “war over tourism”: Challenges to sustainable tourism in the tourism academy after COVID-19. 

Journal of Sustainable Tourism, 29(4), 551-569. https://doi.org/10.1080/09669582.2020.1803334 

https://doi.org/10.1007/s11356-022-22496-w
https://doi.org/10.1016/j.wri.2014.09.002
https://doi.org/10.1007/978-3-319-03973-2_40
https://doi.org/10.1016/j.ipm.2017.10.006
https://doi.org/10.1006/jema.2000.0403
https://doi.org/10.1080/13683500.2025.2477142
https://doi.org/10.1016/j.chb.2015.03.043
https://doi.org/10.1080/09669582.2020.1803334


Marcell KUPI 

 

 1766 

Kupi, M., Kundi, V., & Szabó, T. (2025). Deciphering the cryptocurrency impact on tourism dynamics: Legal insights from 

Spain, France, Croatia, and the Netherlands. Geojournal of Tourism and Geosites, 58(1), 422-432. https://doi.org/ 

10.30892/gtg.58139-1424  

Law, R., Li, G., Fong, D. K. C., & Han, X. (2019). Tourism demand forecasting: A deep learning approach. Annals of Tourism Research, 

75, 410-423. https://doi.org/10.1016/j.annals.2019.01.014 

Li, X., Xu, Y., Law, R., & Wang, S. (2024). Enhancing tourism demand forecasting with a transformer-based framework. Annals of 

Tourism Research, 107, 103791. https://doi.org/10.1016/j.annals.2024.103791 

Majid, G. M., Iis, T., Ri, K. Y., & Pal, A. (2023). Intelligent automation for sustainable tourism: a systematic review. Journal of 

Sustainable Tourism, 31(11), 2421-2440. https://doi.org/10.1080/09669582.2023.2246681  

Majid, G. M., Tussyadiah, I., Kim, Y. R., & Pal, A. (2023). Intelligent automation for sustainable tourism: a systematic review. Journal 

of Sustainable Tourism, 31(11), 2421-2440. https://doi.org/10.1080/09669582.2023.2246681 

Mariani, M., Baggio, R., Fuchs, M., & Höepken, W. (2018). Business intelligence and big data in hospitality and tourism: a 

systematic literature review. International Journal of Contemporary Hospitality Management, 30(12), 3514-3554. https://doi.org/ 

10.1108/IJCHM-07-2017-0461 

Mariani, M., & Borghi, M. (2019). Industry 4.0: A bibliometric review of its managerial intellectual structure and potential 

evolution in the service industries. Technological Forecasting and Social Change, 149, 119752. https://doi.org/10. 

1016/j.techfore.2019.119752 

Markandya, A., Taylor, T., Longo, A., Murty, M. N., Murty, S., & Dhavala, K. (2008). Counting the cost of vulture decline —an 

appraisal of the human health and other benefits of vultures in India. Ecological economics, 67(2), 194-204. https://doi.org/ 

10.1016/j.ecolecon.2008.04.020 

Mir, M. A. M., Shelley, B., & Ooi, C. S. (2024). Uses of tourism resources for educational and community development: A systematic 

literature review and lessons. Tourism Management Perspectives, 53, 101278. https://doi.org/10.1016/j.tmp.2024.101278 

Radwan, Y., Fathi, A. A., & Al-Hagla, K. S. M. (2023). Community-Based Ecotourism Principles as a Framework for Community 

Development in Protected Areas. No DOI available. 

Rosiński, J. (2023). The role of education in sustainable development. In Organizing Sustainable Development, 218-234, Routledge. 

https://doi.org/10.4324/9781003379409-20  

Roumiani, A., Basir Arian, A., Mahmoodi, H., & Shayan, H. (2023). Estimation and prediction of ecological footprint using 

tourism development indices top tourist destination countries. Sustainable Development, 31(2), 1084-1100. https://doi.org/ 

10.1002/sd.2442OUCI+3 

Stankov, U., Filimonau, V., & Vujičić, M. D. (2020). A mindful shift: an opportunity for mindfulness-driven tourism in a post-pandemic 

world. Tourism Geographies, 22(3), 703-712. https://doi.org/10.1080/14616688.2020.1768432 

Wenhua, Z., Qamar, F., Abdali, T. A. N., Hassan, R., Jafri, S. T. A., & Nguyen, Q. N. (2023). Blockchain technology: security issues, 

healthcare applications, challenges and future trends. Electronics, 12(3), 546. https://doi.org/10.3390/electronics12030546 

Wu, S., & Wang, S. (2025). Exploring the impact of AI-enhanced virtual tourism on Tourists' pro-environmental behavior: A stimulus-

organism-response model perspective. Acta Psychologica, 253, 104773. https://doi.org/10.1016/j.actpsy.2025.104773 

Yung, R., & Khoo-Lattimore, C. (2019). New realities: a systematic literature review on virtual reality and augmented reality in tourism 

research. Current issues in tourism, 22(17), 2056-2081. https://doi.org/10.1080/13683500.2017.1417359 

Zhang, Y., Tan, W. H., & Zeng, Z. (2025). Tourism Demand Forecasting Based on a Hybrid Temporal Neural Network Model for 

Sustainable Tourism. Sustainability, 17(5), 2210. https://doi.org/10.3390/su17052210 

Zhen, S. (2025). A Machine Learning-Based Ecological Impact Assessment Model for Tourism Destinations. International Journal of 

High Speed Electronics and Systems, 2540366. https://doi.org/10.1142/S0129156425403663 

 
 

Article history: Received: 10.04.2025 Revised: 14.07.2025 Accepted: 08.08.2025 Available online: 02.09.2025 
 
 

 

 

https://doi.org/10.1016/j.annals.2019.01.014
https://doi.org/10.1016/j.annals.2024.103791
https://doi.org/10.1080/09669582.2023.2246681
https://doi.org/10.1080/09669582.2023.2246681
https://doi.org/10.1016/j.tmp.2024.101278
https://doi.org/10.4324/9781003379409-20
https://www.researchgate.net/publication/365028882_Estimation_and_prediction_of_ecological_footprint_using_tourism_development_indices_top_tourist_destination_countries?utm_source=chatgpt.com
https://doi.org/10.1080/14616688.2020.1768432
https://doi.org/10.3390/electronics12030546
https://doi.org/10.1016/j.actpsy.2025.104773
https://doi.org/10.1080/13683500.2017.1417359
https://doi.org/10.3390/su17052210
https://doi.org/10.1142/S0129156425403663

