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Abstract

The tourism industry is highly vulnerable to a wide range of risks and crises, including natural disasters, public health emergencies, geopolitical instability, and operational disruptions. The increasing frequency and complexity of such events have exposed limitations in traditional tourism risk and crisis management approaches, which are often reactive, fragmented, and experience-driven. Against this backdrop, artificial intelligence (AI) offers new possibilities for enhancing risk prediction, early warning, and resilience building in tourism systems.This study develops a theory-driven and mechanism-based framework to examine how three core AI approaches—natural language processing (NLP), knowledge graphs, and time-series models—can be integrated into tourism risk and crisis management. The analysis focuses on three innovation domains: risk prediction and early warning, resilience-oriented tourism supply chain construction, and the intelligent upgrading of emergency management systems. The study argues that AI contributes to tourism resilience not merely through automation, but by restructuring information processing, inter-organizational coordination, and decision-making under uncertainty.By linking AI techniques with tourism risk management theory and resilience thinking, this paper advances the literature on smart tourism and crisis management and provides practical insights for building more adaptive and resilient tourism systems in an era of increasing uncertainty.
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1. Introduction

Tourism is among the most risk-sensitive industries due to its strong dependence on mobility, safety perceptions, and cross-regional coordination. In recent decades, tourism systems worldwide have experienced repeated disruptions caused by natural hazards, pandemics, political conflicts, and infrastructure failures. These events not only generate immediate economic losses but also undermine long-term destination competitiveness and stakeholder confidence.

Traditional approaches to tourism risk and crisis management have largely relied on expert judgment, historical experience, and post-event response. While these approaches remain valuable, they are increasingly inadequate in addressing complex, fast-evolving, and interconnected risks. The growing volume of digital data—ranging from social media content and news reports to sensor data and transaction records—has created new opportunities to enhance predictive capacity and situational awareness. However, converting such heterogeneous data into actionable insights poses significant methodological challenges.

Artificial intelligence has emerged as a promising tool for addressing these challenges. AI techniques enable large-scale data processing, pattern recognition, and real-time learning, offering the potential to shift tourism risk management from reactive response to proactive prediction and resilience building. Despite growing interest in AI-enabled tourism management, existing studies often focus on isolated applications, such as sentiment analysis or demand forecasting, without systematically examining how different AI methods jointly contribute to risk prediction and system resilience.

This study aims to fill this gap by developing an integrated analytical framework that connects core AI methods with key functions in tourism risk and crisis management. Specifically, it addresses the following questions: How can NLP, knowledge graphs, and time-series models support risk prediction and early warning in tourism? Through what mechanisms can AI enhance resilience in tourism supply chains? How can AI-driven systems improve emergency management and crisis response?

2. Theoretical Background: Tourism Risk, Resilience, and Artificial Intelligence
2.1 Tourism Risk and Crisis Management

Tourism risk management literature emphasizes the vulnerability of tourism systems to external shocks and the importance of preparedness, response, and recovery. Risks in tourism are multidimensional, encompassing environmental, health, technological, and socio-political factors. Crisis management research highlights the need for timely information, coordination among stakeholders, and adaptive decision-making under uncertainty.

However, much of the existing research adopts a stage-based or event-driven perspective, focusing on response and recovery rather than prediction and prevention. This limitation reflects the difficulty of processing weak signals and early indicators across diverse information sources.

2.2 Resilience Thinking in Tourism Systems

Resilience theory shifts attention from isolated crisis events to the capacity of systems to absorb shocks, adapt to change, and reorganize while retaining core functions. In tourism studies, resilience has been applied to destinations, enterprises, and supply chains, emphasizing flexibility, redundancy, and learning capability.

Building resilience requires continuous monitoring, coordination across organizational boundaries, and the ability to reconfigure resources dynamically—capabilities that align closely with the strengths of AI-based systems.

2.3 Artificial Intelligence as an Enabler of Predictive and Adaptive Management

AI research highlights the ability of machine learning models to identify patterns in large and complex datasets. In management contexts, AI is increasingly viewed not as a substitute for human judgment but as a decision-support technology that enhances situational awareness and analytical capacity.

In tourism, AI applications have expanded from marketing and service automation to strategic management functions. Yet, a comprehensive framework linking AI methods to tourism risk prediction and resilience building remains underdeveloped.

3. Core AI Techniques and Their Roles in Tourism Risk Prediction
3.1 Natural Language Processing and Risk Signal Detection

NLP enables the extraction of structured information from unstructured text sources such as social media posts, online reviews, news articles, and government bulletins. In tourism risk management, NLP can be used to identify emerging risk signals, such as public anxiety, service disruptions, or safety incidents, before they escalate into full-scale crises.

Sentiment analysis and topic modeling allow managers to track changes in traveler perceptions and detect abnormal discourse patterns. Unlike traditional surveys, NLP-based monitoring operates in near real time, enhancing early warning capability. However, NLP models are sensitive to context, language variation, and data bias, requiring careful calibration and human oversight.

3.2 Knowledge Graphs and Risk Relationship Modeling

Knowledge graphs represent entities (e.g., destinations, transport hubs, hazards) and their relationships in a structured, machine-readable form. In tourism risk management, knowledge graphs can integrate heterogeneous data sources to model complex interdependencies among risks, stakeholders, and infrastructure components.

By enabling semantic reasoning and relationship inference, knowledge graphs support scenario analysis and impact assessment. For example, disruptions in transportation networks can be linked to accommodation availability and tourist flow patterns. Knowledge graphs thus facilitate a systemic understanding of risk propagation and support coordinated decision-making.

3.3 Time-Series Models and Dynamic Risk Forecasting

Time-series models are widely used to analyze temporal patterns and forecast future trends based on historical data. In tourism risk management, time-series analysis can support the prediction of demand shocks, recovery trajectories, and resource needs during and after crises.

Advanced models, including deep learning–based approaches, allow for nonlinear pattern recognition and multivariate forecasting. However, their effectiveness depends on data quality and interpretability, particularly in rare or unprecedented crisis scenarios.

4. AI-Enabled Resilience Building in Tourism Systems
4.1 Risk Prediction and Early Warning Mechanisms

By combining NLP-based signal detection, knowledge graph–based relationship modeling, and time-series forecasting, AI systems can provide multi-layered early warning mechanisms. Such integration enhances the detection of weak signals, reduces information silos, and improves the timeliness of risk alerts.

4.2 Resilient Tourism Supply Chain Construction

Tourism supply chains involve transportation, accommodation, attractions, and service providers, often spanning multiple regions. AI-enabled monitoring and forecasting can improve supply chain visibility and flexibility, enabling adaptive resource allocation and redundancy planning.

Knowledge graphs facilitate coordination by clarifying interdependencies, while time-series models support demand-supply matching under uncertainty. Together, these tools contribute to resilience-oriented supply chain design.

4.3 Intelligent Emergency Management Systems

AI can also enhance emergency management systems by supporting decision-making during crises. NLP can summarize real-time information flows, knowledge graphs can support cross-agency coordination, and predictive models can inform response strategies.

Rather than replacing human decision-makers, intelligent systems augment situational awareness and reduce cognitive overload during high-pressure situations.

5. Challenges and Governance Considerations

Despite its potential, AI-enabled tourism risk management faces several challenges. Data availability and quality vary across regions, raising concerns about model reliability. Ethical issues related to privacy, transparency, and algorithmic bias also require attention.

Moreover, effective AI deployment depends on organizational capacity and governance frameworks. Without clear responsibilities and coordination mechanisms, AI systems may reinforce fragmentation rather than enhance resilience.

6. Conclusion and Research Contributions

This study develops a mechanism-based framework to examine how AI technologies—specifically NLP, knowledge graphs, and time-series models—can support prediction and resilience building in tourism risk and crisis management. The analysis highlights that AI contributes not merely through automation, but by reshaping information processing, coordination, and adaptive decision-making.

The study makes three contributions. First, it integrates AI theory with tourism risk and resilience research, offering a systematic analytical framework. Second, it clarifies the complementary roles of different AI methods in risk prediction and crisis management. Third, it provides practical insights for designing intelligent and resilient tourism management systems.

Future research may empirically test the proposed framework using destination-level or enterprise-level data and explore governance models that balance technological innovation with ethical and institutional considerations.
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