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PREDICTIVE ANALYTICS AND ARTIFICIAL
INTELLIGENCE IN EMERGENCY WARNING
SYSTEMS

The rapid increase in natural, technological, military, and cyber threats,
together with the dynamic evolution of emergency situations, necessitates a
transition from traditional response methods to proactive early warning systems
capable of predicting hazardous events before they occur. Recent advances in
artificial intelligence (Al), predictive analytics, big data, cyber-physical systems,
digital twins, and the Internet of Things (IoT) provide the foundation for the
comprehensive analysis of heterogeneous information streams, the identification of
hidden patterns, and the real-time prediction of emergency scenarios [1]. The
application of predictive analytics and artificial intelligence algorithms enables
timely risk assessment, the generation of well-founded early warnings, the
optimization of civil protection resources, and improved decision-making
efficiency. Therefore, research focused on integrating predictive analytics and
artificial intelligence into emergency warning systems is highly relevant,
scientifically justified, and of significant practical importance for enhancing public
safety, strengthening the resilience of critical infrastructure, and accelerating the
digital transformation of civil protection systems [2]. An example of the integration
framework of modern Al technologies into emergency warning and civil protection
systems is presented in Figure 1.
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Fig. 1. Integration Framework of Modern Al Technologies into Emergency
Warning and Civil Protection Systems

Predictive analytics in emergency warning systems is a set of intelligent data
analysis methods, mathematical modeling techniques, and artificial intelligence
algorithms that enable the prediction of the likelihood, development, and potential
consequences of hazardous events based on the analysis of historical and real-time

data [3,4]. Table 1 presents a comparative analysis of the advantages of applying
predictive analytics integrated with artificial intelligence in emergency warning
systems compared with conventional forecasting methods.

Table 1

Comparative Analysis of the Advantages of Using Predictive Analytics
Integrated with Artificial Intelligence in Emergency Warning Systems
Compared with Conventional Methods

Conventional Integrated with Al
Evaluation Forecastin Predictive Analytics Advantage of the
Criterion g Integrated with Al Proposed
Methods
Approach
Integration of structured and .
Provides a
. unstructured data from loT )
Limited number of . . . comprehensive
devices, UAVs, satellites, video i :
Data Sources structured data . . . information
surveillance, social media,
sources. . . landscape for
digital twins, and open data .. )
o decision-making.
repositories.
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Continuation of table 1

Conventional Integrated with Al
Evaluation Forecastin Predictive Analytics Advantage of the
Criterion g Integrated with Al Proposed
Methods
Approach
L .. Automated analysis of large- .
Primarily statistical utomated ana ySIS O .arge Reduces processing
Data scale datasets using artificial . .
. or expert-based . . . time and improves
Processing . intelligence and machine .
analysis. . forecasting accuracy.
learning.
Based on historical . . .
ased ofl fiistorica AAdaptive forecasting using Improves the
Emergency patterns and . . .
. real-time data and self-updating reliability of real-
Forecasting predefined . .
: predictive models time forecasts.
scenarios.
Limited t . . .
fmitec o Automatic detection of hidden Enables early
Anomaly predefined . . . . .
) anomalies using neural identification of
Detection threshold-based )
networks. potential threats.
methods..
. . . . I th
Risk Based on static risk | Dynamic risk assessment using TIproves e
. . accuracy of risk
Assessment | assessment models Al and predictive analytics. )
evaluation.
Enhances the
Decision Highly dependent Intelligent generation of validity and
on expert recommendations using Al- reliability of
Support . .
experience. based models. managerial
decisions.
. 1f-learni 1 .
Models require . Self-learning mode' > Enables automatic
System continuously updated using new .
e manual updates . . adaptation to
Adaptability oL data and continuous learning . o\
and calibration. : changing conditions
mechanisms.
Limited by th o . .
fited by the Supports distributed computing, Enables real-time
- performance of i
Scalability : cloud platforms, and Edge processing of large-
conventional .
. Computing. scale datasets.
computing system

Conclusion: The conducted research confirmed that the application of
predictive analytics and artificial intelligence represents a promising direction for
the development of emergency warning systems by enabling the timely prediction
of hazardous events, intelligent risk assessment, and real-time decision support. The
proposed Al integration framework, together with the comparative analysis against
conventional forecasting methods, demonstrates its potential to improve forecasting

accuracy, reduce emergency response time, optimize resource utilization, and
facilitate the transition from reactive to proactive emergency management. The
obtained results provide a scientific and practical foundation for the further

| 110



August 7, 2026 e Marseille, French Republic I

implementation of intelligent early warning systems and the digital transformation
of civil protection.
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