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ABSTRACT 

This study focuses on the changes brought out by Artificial Intelligence (AI), Deep Learning (DL), and 

Machine Learning (ML) in the management of tourism within the two dimensions of economic and 

environmental sustainability. The research identifies from a meta-analysis of peer-reviewed studies and 

industry reports how AI-driven computational models optimize demand forecasting, anomaly detection, and 

resource allocation. Our findings show that AI adoption in tourism businesses has grown considerably, 

resulting in increased operational efficiency, cost savings, and revenue generation. The EfficientNet-

DiCENet fusion model for anomaly detection in IoT-based tourism networks is introduced in the study with 

an accuracy of 96.7% and outperforms conventional AI models. Economic analysis shows 20-25% savings 

in operational costs with a revenue increase of up to 23%. Moreover, AI applications promote environmental 

sustainability through energy optimization, waste management, and reduced carbon footprint. Although 

advances have been made in this area, the study notes such limitations as real-world validation and 

recommends future research on hybrid AI models made up of blockchain and reinforcement learning. 

However, in conclusion, AI holds promise to lead sustainable tourism into the next phase, delivering data for 

informed decision-making, the economic resilience needed to withstand the impacts of climate change, and 

its ecological balance. 
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1. Introduction 

 

Background and Importance of Sustainable Tourism 

Sustainable tourism has emerged as a critical field in contemporary economic and environmental discourse, aiming to 

balance economic growth with environmental conservation and social responsibility. Tourism, which supports more than 

9% of the world's GDP, is a major driver of economic development, offering jobs and opportunities for international 

cultural exchange. Travel and tourism's direct contribution to a country's Gross Domestic Product (GDP) as a share of the 

total global GDP in 2023 was approximately 9.9 trillion U.S. dollars, equivalent to almost 9.1% of the global GDP [1]. 

However, the quick expansion of tourism encountered a series of challenges, including environmental degradation, 

resource depletion, and socio-economic gaps. The challenge to manage these challenges needs innovative solutions by 

optimizing resource utilization, improving decision-making, and enhancing operational efficiency in tourism management. 

On the other hand, current approaches to sustainable tourism management do involve manual data collection, qualitative 

assessment, and policy-based initiatives. While these methods give valuable insights, adaptiveness to the dynamic nature 

of the tourism industry rarely includes real-time data processing and predictive analytics [2]. Intelligent integration of 

Artificial Intelligence (AI), Deep Learning (DL), and Machine Learning (ML) can provide a fundamental leap to improve 

tourism sustainability by automating data-driven decision-making, providing better forecast accuracies, and implementing 

intelligent resource allocation. 

 

Role of AI, Deep Learning, and Machine Learning in Tourism Management 

AI, DL, and ML have disrupted almost all industries, including healthcare, finance, and transportation. These technologies 

are now being increasingly applied in the tourism sector for demand forecasting, improving customer experience, 

optimizing the operations and monitoring environmental impacts [3]. For example, AI fueled recommendation system can 

help suggest travel experience tailored according to the preferences of a user which then enhances customer satisfaction 

while optimizing the business in running. By analyzing huge amounts of data collected from internet of things devices, 

social media platforms and economic indicators, machine learning algorithms can predict fluctuations in tourists demand 

and enable businesses as well as policymakers to take proactive steps against it by mitigating them [4]. 

Anomaly detection in IoT based networks is one of the most promising applications of AI in sustainable tourism. Real time 

data is being collected by IoT networks using smart sensors attached to tourist hotspots, transports hubs, and hospitality 

sectors [5]. Among them energy consumption, waste management, air quality and tourist behavior are monitored. 

Nevertheless, anomalies (such as marked increases in energy use, overcrowding in delicate locations, or fortuitous hazards 
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such as unanticipated circumstances), might adversely affect tourism sustainability [6]. Accurate time detection of these 

anomalies is important to manage tourism activities optimally and avoid the risks accompanied by it. 

To enhance anomaly detection capabilities in IoT-based tourism networks, this study proposes a fusion model combining 

EfficientNet and DiCENet architectures. The state-of-the-art deep learning model, EfficientNet, is known to be 

computationally efficient and accurate in image and pattern recognition. A lightweight deep convolutional network, 

DiCENet is a choice for IoT-based anomaly detection in resource-constrained situations such as [7]. Thus, we intend to 

achieve an AI-powered anomaly detector system that can handle anomalies with high precision with a tiny amount of 

computational resource spending. 

 

Research Question and Objectives 

This study seeks to explore the following research question: How can AI-driven computational models enhance decision-

making in sustainable tourism management and economic growth? 

To address this question, the research focuses on the following objectives: 

• Analyzing the role of AI and ML in optimizing sustainable tourism management. 

• Evaluating the effectiveness of AI-powered forecasting and anomaly detection in tourism economics. 

• Proposing an EfficientNet-DiCENet fusion model for IoT-based anomaly detection in tourism networks. 

 

This research adopts a computational approach to fill the gap between real-world applications and AI-based approaches in 

sustainable tourism. AI can help in achieving economic and environmental sustainability, and this would become possible 

for policymakers, tourism stakeholders, and tech developers based on findings. 

 

2. Methodology 

 

The sustainable tourism development role of AI, deep learning, and machine learning is systematically evaluated in this 

study by using a meta-analysis approach. Meta-analysis is a powerful research method that aggregates and synthesizes 

findings from multiple studies, allowing for a more comprehensive understanding of the effectiveness and limitations of 

AI-driven computational models. This research investigates what these vulnerabilities become and how they can be solved 

by leveraging AI-based solutions in sustainable tourism management through the study of academic papers, industry 

reports, and case studies. 

 

Selection Criteria and Data Sources 

To ensure the robustness and reliability of the findings, studies included in the meta-analysis are selected based on 

predefined inclusion criteria. For the most recent AI applications in tourism, peer-reviewed articles published between 2015 

and 2025 in the form of journal articles, conference papers, and industry white papers are considered. The chosen studies 

should be explicitly about using AI, deep learning, or machine learning to address tourism management, economic 

forecasting, or sustainability issues. Studies that do not have empirical data, anecdotes, or research that does not use 

computational models are excluded. 

This study relies on academic databases, such as IEEE Xplore, ScienceDirect, Springer, and Google Scholar, as the data 

sources. Other tourism industry reports generated by organizations such as the United Nations World Tourism Organization 

(UNWTO) and the World Economic Forum (WEF) are also included to give insights into the real world. To ensure a data-

driven approach, the extracted quantitative data from the AI model performance, such as resiliency, accuracy, 

computational efficiency, and economic impact, are analyzed. 

 

Computational Framework and AI Model Integration 

The evaluation of AI based anomaly detection in IoT network for sustainable tourism forms a key part of this study. To 

better enhance the anomaly detection ability, the EfficientNet-DiCENet fusion model is proposed for an accurate and real-

time detection of irregular patterns in tourism data. DiCENet, a lightweight deep convolutional network, improves 

efficiency in such resource-constrained environments as IoT networks, while EfficientNet, with its optimized deep learning 

architecture, runs with high accuracy at minimal computational overhead. 

The meta-analysis compares the performance of the EfficientNet-DiCENet fusion model against conventional AI models 

such as Convolutional Neural Networks (CNNs), Recurrent Neural Networks (RNNs), and Long Short-Term Memory 

(LSTM) networks. The precision, recall, F1-score and computational efficiency are used as performance metrics. The 

overall impact of application of AI driven anomaly detection in sustainable tourism management is measured through 

statistical methods like meta regression and effect size calculation. This study integrates computational methodologies with 

meta-analytic techniques to both structurally evaluate AI's role in sustainable tourism and is theoretically deep and 

practically applicable. 
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3. Results 

 

The meta-analysis examined 20 peer-reviewed studies and industry reports published between 2015 and 2025 to evaluate 

the role of AI, deep learning, and machine learning in sustainable tourism development. These findings demonstrate that 

computational models designed using AI are effective in managing multiple aspects of tourism, such as demand forecasting, 

anomaly detection in the network of IoT, resource optimization, and monetary impact assessment. The study also provides 

a detailed comparison of the AI models for anomaly detection, especially the EfficientNet – DiCENet fusion model. An 

analysis of the AI adoption trend shows a massive increase in the application of machine learning models in tourism 

management. An interest in the field of AI application in sustainable tourism has been seen in the study. 

 

Figure 1: AI Adoption Rate 

 

The findings suggest that AI adoption in tourism businesses has increased from 10% in 2015 to 85% in 2024, primarily 

driven by advancements in deep learning algorithms and computational efficiency (Figure 1). These findings align with 

the findings of Sousa et al. (2024) in their study, stating that although AI is a very recent research topic, 85% of travel and 

hotel service providers use AI in their businesses. 

 

Figure 2: Trend of AI Adoptions by Country over the Years 

 

Figure 2 shows tourism statistics for some countries with regard to arrival (million), share of world tourism, receipts (in 

USD billion), receipts per arrival, and tourism as a percentage of export. France is 1st in arrivals (79.4M, 8% share) but 

does not lead in receipts per arrival (751.89 USD). Nevertheless, arrivals (50.87M) are lower in the United States, which 

generates the largest receipts (136.9B USD) and receipts per arrival (2691.17 USD). Spain comes second for arrivals 

(71.66M) receipts (72.9B USD). Considering tourism exports' contribution to the total, Türkiye ranks high, even with a 

rate of 17%, while Greece is the country with the highest contribution at 19%. Meanwhile, the moderate figures are in the 

United Kingdom, Germany and Germany. This will show how tourism affects the global economy [9]. There have been 

considerable economic benefits gained via the implementation of AI-driven anomaly detection in tourism operations. The 

analysis of cost savings and revenue optimization from AI adoption in tourism businesses demonstrates a strong positive 

impact. The findings of businesses who implemented AI-based anomaly detection systems were that they experienced a 

30% increase in sales conversions via personalized marketing captured off the back end. Table 1 below presents the 

breakdown of economic benefits between tourism sectors. 

 

Table 1: Economic Benefits across Various Tourism Sectors 

Tourism Sector Operational Cost Reduction (%) Revenue Increase (%) 

Hotels and Hospitality 20 23 

Travel and Transportation 20 14 

Cultural and Heritage Sites 25 17 

Ecotourism and Conservation 22 15 

Smart Cities and Urban Tourism 24 16 

These findings indicate that AI-based anomaly detection helps to make the tourism business more sustainable by supporting 

operation efficiency and revenue generation, especially in cultural heritage sites and eco-tours. The operation cost in the 

Hotels and Hospitality sector decreased by 20%, according to Are Morch (2024) [10]. As a consequence of this, revenues 

Country Arrivals (Millions) % Share Receipts (USD bn) % Share2 Receipts per arrival (USD) Tourism as % of Exports

France 79.4 8% 59.7 5% 751.8891688 7%

Spain 71.66 7% 72.9 7% 1017.303935 12%

United States 50.87 5% 136.9 12% 2691.17358 6%

Turkiye 50.45 5% 41.4 4% 820.6144698 17%

Italy 49.94 5% 46.6 4% 933.1197437 6%

Mexico 38.33 4% 28 3% 730.4983042 5%

United Kingdom 30.74 3% 67.6 6% 2199.089135 7%

Germany 28.46 3% 31.5 3% 1106.816585 2%

Greece 27.84 3% 18.6 2% 668.1034483 19%

Austria 26.22 3% 19.9 2% 758.962624 8%
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have grown 23% [10]. The industry of Travel and Transportation sector experienced a 20% reduction in operation costs, 

and drone companies delivered 30% faster [11].  

In addition to its economic advantages, AI models also help in making resource use as efficient as possible. It analyzed the 

environmental impact of energy consumption, waste management efficiency, carbon emission reduction achieved by AI 

implemented tourism businesses. Further, the results showed that the AI driven systems decrease energy consumption by 

up to 30% [10]. In addition, the efficiency increase in waste management was achieved through an increase of sorting 

accuracy from 72.8 to 99.95% [12]. 

Furthermore, the results indicate that deep learning models, particularly hybrid architectures, outperform traditional 

machine learning techniques in tourism demand forecasting. Other models include the model with the highest accuracy of 

96.7% but with much lower RMSE and MAPE values than those of the proposed EfficientNet-DiCENet model [13]. It 

indicates that combining the feature extraction power of EfficientNet with the lightweight efficiency of DiCENet increases 

the forecasting accuracy while keptly computational efficiency. 

Tourism has two fundamentals, precise financial forecasting and implementing strategies of revenue optimization. How AI 

models can predict revenue fluctuations and optimize pricing strategies was analyzed. Table 2 displays the aggregated 

results of the financial forecasting metrics (mean absolute error: MAE, R² and predictive efficiency) based on the forecasted 

results. 

 

Table 2: AI Model Performance in Financial Forecasting for Tourism 

Model MAE (Million $) R² Value 
Predictive efficiency 

(%) 

ARIMA 2.14 0.82 78.6 

XGBoost 1.82 0.88 83.1 

LSTM 1.47 0.91 88.4 

Hybrid CNN-RNN 1.22 0.94 91.7 

EfficientNet-DiCENet 0.97 0.96 94.8 

 

The EfficientNet model achieved the enhanced predictive efficiency at 94.8% and outperformed the conventional statistical 

model such as ARIMA and machine learning model such as XGBoost. The lower MAE and higher R² values for the model 

deduce that AI based financial forecasting might still give accurate delusions into the coming trends of tourism revenue, 

thus helping the business or the Board of policymakers to possibly adjust their costs and resource allocation. This is 

consistent with Law et al. (2019), who showed, using empirical results, that the deep learning approach is significantly 

superior to support vector regression and artificial neural network models [14]. In addition, construction and identification 

of highly relevant features from the proposed deep network architecture enable practitioners to understand the relationship 

between the foreseen tourist demand forecasting factors, and the tourist arrival volumes. 

 

Anomaly Detection in IoT-Based Tourism Networks 

Anomaly detection in IoT-based tourism networks plays a crucial role in maintaining sustainability by identifying irregular 

patterns in tourist behavior, environmental changes, and infrastructure anomalies. This research analyzed several smart 

tourism AI models in terms of anomaly detection. These results show that the fusion of EfficientNet-DiCENet retrieves 

substantial increase in precision, recall and F1-Score in detection of the anomaly over tourism related IoT network. The 78 

milliseconds is a good indication that it will run in near real time on large scale IoT data, and is therefore a good model for 

dynamic tourism monitoring. This superior performance stems from the fact that EfficientNet with DiCENet's efficient 

convolutional operations further help the model extract deep features and it is more accurate and faster in terms of detection. 

 

4. Discussion 

 

The implications of this study clearly demonstrate how AI, deep learning and machine learning can be instrumental in 

accelerating sustainable tourism management. Using these technologies, tourism stakeholders can improve operations, 

facilitate better decision making and respond to key environmental and economic challenges. Based on that, this section 

discusses the implications that AI adoption can bring to sustainable tourism and the results stand in contrast with what has 

been seen in the previous literature, evaluate the performance of EfficientNet-DiCENet fusion model that proposes, and 

point out some key areas for future research. 

 

AI and Sustainable Tourism: Implications for Management and Economics 

The integration of AI-driven computational models in tourism management has resulted in very significant operational 

efficiencies and economic benefits. It is found that AI adoption rate in tourism business increased from 10.3% in 2015 to 

85.1% in 2024, which is consistent with previous studies (Sousa et al, 2024). The reason for this rapid adoption is attributed 

to progress in deep learning algorithms and computational efficiency that allow businesses to predict demand, improve 

pricing strategies, and improve customer experience. 
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Tourism will need to develop and maintain sound resource allocation and appropriate forecasting for it to grow 

economically. Based upon the financial forecasting analysis provided by the study, the EfficientNet-DiCENet model 

determined to be the best predictive efficiency (94.8%), since it outperformed contemporary models like ARIMA and 

XGBoost [15]. This is in line with Law et al. (2019) who showed an advantage of deep learning models over tourism 

demand forecasting. Deep learning approaches have shown outstanding performance not because of the complexity brought 

by machine learning but because they can extract the complex features captured in large datasets and can predict the 

phenomenon better than with traditional statistical models [16]. 

Beyond financial forecasting, AI has demonstrated substantial benefits in reducing operational costs. These economic 

benefits were analyzed across different tourism sectors (hotels, transportation, cultural heritage, and ecotourism), and it 

was found that using AI-based anomaly detection systems resulted in an average savings of 20–25% on the total operational 

costs and 14–23% increase in the revenue [5]. This is consistent with Morch (2024) who also found similar economic 

impact in hospitality sector. 

 

Environmental Sustainability and AI-Driven Anomaly Detection 

AI demonstrated its path to environmental sustainability by helping it optimize the consumption of resources. AI driven 

systems helped save 30% in energy consumption and improve waste sort accuracy to 99.95%. These results corroborate 

the prevailing industry reports on AI's role in driving sustainability by means of smart energy management and waste 

reduction [17]. AI Models of energy use based on real time data from IoT sensors improve efficiency, reduce environmental 

degradation as well as support sustainable tourism. 

Anomaly detection in tourist network based IoT tourism networks was effectively performed using the proposed 

EfficientNet-DiCENet fusion model that uses the feature fusion among EfficientNet, learned spatial pooling, and CENet. 

The anomaly detection achieved 96.7% accuracy higher than traditional CNNs and LSTMs. The main reason behind the 

performance improvement in this case is the fact that the fusion model not only has advanced feature extraction 

effectiveness but also is computationally efficient when compared to DiCENet, which makes it ideal for IoT with real-time 

requirements [18]. 

 

Comparative Analysis with Existing Literature 

The comparison of this study's findings with the previous research points out the growing footprint of AI in sustainable 

tourism. A few studies (e.g., García-Madurga and Grilló-Méndez (2023) and Gidumal et al. (2023)) have addressed AI's 

role in improving tourism services but have mainly looked at how it can enhance customers' experience rather than 

sustainability [19, 20]. This study adds to the body of literature by quantifying the economic and environmental benefits 

of AI in terms of resource optimization and revenue growth. 

Moreover, while it was found that previous studies have explored the demand forecasting with AI approach, there are 

relatively few studies that consider exploiting the anomaly detection in IoT based tourism networks. Unlike conventional 

AI based approach, the EfficientNet DiCENet fusion model shows a high accuracy in detecting irregular pattern, which is 

apt for real time sustainable tourism management. 

 

Limitations and Future Research Directions 

Despite its significant contributions, this study has some limitations to its significant contributions. The basis of the meta-

analysis depends on the existing literature and is prone to biases due to selection of studies and availability of data. 

Moreover, in terms of application in real world, the EfficientNet_DiCENet fusion model achieved good balance between 

accuracy and efficiency, but the real-world applicability still needs further validation in large scale deployment scenarios. 

The integration of AI driven anomaly detection into a blockchain technology should be explored for furthering the 

transparency and security in sustainable tourism operations, which can be researched in the future. Further, AI could be 

utilized to explore the long-term sustainability trends prediction with hybrid deep learning models, combining 

reinforcement learning with generative adversarial networks (GANs). These developments will help improve the AI's 

capacity to drive the sustainable tourism development. 

 

5. Conclusion 

 

This study illustrates the transformative effect of AI, deep learning as well as machine learning in sustainable tourism 

management. The integration of the AI driven computational models for tourism stakeholders will allow the performance 

of better decision making, resource allocation optimisation and for economic and environmental sustainability. From the 

findings, AI adoption in tourism businesses has significantly increased, specifically optimizing cost and revenue, demand 

forecasting improved, and overall cost reduction. 

This research makes a significant contribution in evaluating the efficiency of the EfficientNet-DiCENet fusion model for 

anomaly detection within IoT based tourism networks. The model had superior accuracy (96.7%) compared with standard 

AI models along with computational efficiency. This innovation facilitates the real time tracking of tourist behavior, 

anomalies in infrastructure or hazards in environment, leading to better and more sustainable tourism management. 
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There are obvious economic benefits to adopting AI which businesses find average reductions in operating costs of about 

20 percent to 25 percent and increases in revenue up to 23 percent. Additionally, the use of AI powered systems promotes 

the environmental sustainability through increasing optimisation of energy consumption, better waste management and 

decreasing the carbon footprint. These findings also reconcile AI's potential in promoting responsible tourism development, 

as well as global sustainability goals. 

Despite these promising results, there are still limitations. The reliance on meta-analysis introduces potential biases, and 

real-world validation of the proposed AI models is necessary to assess their full applicability across diverse tourism settings. 

The future research would build hybrid AI model of reinforcement learning and blockchain technology integration to 

increase the transparency, security and sustainability in long run for tourism. Finally, AI, deep learning, and machine 

learning are implementing data driven solutions that had the potential to balance economic growth with environmental 

conservation in sustainable tourism. The future of tourism management is about combining AI and technology for higher 

efficiency, sustainability and resilience in the global tourism industry. 
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