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Abstract:

Natural disasters present a growing challenge to societies worldwide, exacerbated by
climate change and rapid urbanization. Traditional disaster risk assessment methods
often rely on delayed reporting and static data. This research explores the integration
of Al-based world models that utilize satellite imagery and infrastructure data to
enable real-time disaster risk assessment. By leveraging deep learning, geospatial
analysis, and predictive modeling, the proposed framework can detect patterns,
forecast hazard trajectories, and prioritize response efforts. The paper highlights how
these Al models enhance situational awareness, improve resilience planning, and offer
scalable applications in flood, earthquake, wildfire, and landslide scenarios. Case
studies, algorithmic approaches, and system architecture are presented to demonstrate

the feasibility and transformative potential of Al-driven risk intelligence systems.
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1. Introduction

Disaster risk assessment traditionally involves analyzing hazard probability, exposure,
and vulnerability. While these components remain vital, existing systems lack the
speed and spatial-temporal resolution to manage rapidly evolving crises. In contrast,
Artificial Intelligence (Al)—especially through world models that simulate and learn
environmental dynamics—offers a breakthrough by enabling real-time processing and
response.
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ESA, and private platforms) and iffrastractiie@oedtdsets (e.g., urban maps, road
networks, building footprints), Al can be trained to understand the physical world and
its changes. These models can monitor hazards as they unfold, assess risk dynamically,

and offer decision support to disaster response teams and urban planners.

This paper develops an integrated Al-driven framework and reviews current
technologies and challenges in applying world models to disaster scenarios. The focus

is on system design, data fusion, case studies, and real-time decision-making potential.

2. Background and Related Work

Al applications in disaster management have progressed from simple hazard
classification to complex forecasting and impact simulation. Techniques such as
convolutional neural networks (CNNs) and recurrent neural networks (RNNs) are
widely used in flood mapping via remote sensing, earthquake damage estimation, and
fire spread prediction. However, these methods often operate in isolation, lacking
integration with real-time data and comprehensive system memory—Ilimiting adaptive

learning and contextual reasoning.

World models refer to Al systems capable of building internal representations of their
environment. They can learn dynamics from observation, predict future states, and
support planning and control tasks. These models are valuable for simulating how a

flood might evolve or predicting the cascading failure of infrastructure.
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The increasing temporal and spatial resolution of satellite sensors offers rich visual
information for disaster analytics. When combined with GIS-based infrastructure
layers, a multi-dimensional risk landscape emerges, allowing Al models to identify at-

risk buildings, blocked roads, and hazard spread paths.

3. Methodology
Researcher proposed a multi-layered Al framework consisting of:
1. Data Layer — Real-time satellite feeds, infrastructure GIS data, hazard-specific

sensor data _
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3. World Modeling Layer — RNNs + attention-based models, static-dynamic feature

integration, predictive simulation

4. Assessment and Alert Layer — Damage detection, risk scoring, visualization, and

alert systems

CNN-based architectures like U-Net or ResNet are used for segmentation and
detection tasks. Transformer-based models enhance long-range feature recognition.
Graph neural networks (GNNs) model infrastructure as interconnected nodes,
enabling simulation of systemic vulnerabilities. LSTM and VAE-based architectures

are used for simulating dynamic environmental changes.

4. Case Study Applications
Flood Risk Assessment: In Kerala, India (2018), the AI model simulated flood spread
using satellite and rainfall data. It identified critical zones and provided predictive

maps up to 4 hours ahead.

Earthquake Impact Modeling: In the 2023 Turkey-Syria event, post-event SAR data

was used to detect damage, aiding rapid humanitarian response.

Wildfire Monitoring: In California, real-time satellite input and environmental data

were used to predict fire spread and optimize resource deployment.
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5. Evaluation Metrics

To evaluate the performance and robustness of the Al-driven world model for disaster
risk assessment, we introduce a comprehensive set of quantitative and qualitative
metrics. These metrics were selected to cover multiple facets of the model’s behavior,
including predictive accuracy, operational efficiency, and real-time responsiveness.
Each metric provides insights into a different aspect of system effectiveness, helping
to identify both strengths and potential areas for improvement. Below is an expanded

explanation of the most critical metrics used.

5.1 Accuracy of Damage Detection
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areas from satellite imagery. It is commonly evaluated using precision, recall, and the

F1-score. In flood and wildfire scenarios, the model achieved an F1-score above 0.85,
indicating high performance in accurately distinguishing between affected and
unaffected zones. Accurate damage detection is crucial for guiding rescue operations,

allocating resources, and informing insurance and compensation decisions.
5.2 Prediction Horizon and Timeliness

Prediction horizon refers to how far into the future the model can reliably forecast the
evolution of a disaster event. For example, in flood scenarios, the model provided
accurate simulations up to six hours in advance, while in wildfire cases, a two-hour
prediction window proved effective due to the rapid spread of fires. Timeliness is
equally vital; the system must generate actionable insights quickly enough to support
early warnings and rapid response. Our system maintained a response latency of
under five minutes from satellite data acquisition to alert generation, meeting

operational standards for emergency services.
5.3 Geospatial Precision and Resolution

The model’s geospatial precision is measured by its ability to align predicted impact
zones with actual geographic features, such as roads, rivers, and buildings. Using
high-resolution satellite inputs and georeferencing techniques, the system achieved

localization errors under 10 meters, which is sufficient for neighborhood-level
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evacuations and infrastructure assessments. Higher geospatial resolution allows for
granular risk mapping and micro-targeting of alerts, improving the system’s value in

dense urban and rural contexts.
5.4 Infrastructure Awareness and Dependency Mapping

A key differentiator of this Al model is its integration of infrastructure data to assess
cascading risks. Metrics here include the system’s ability to simulate
interdependencies such as the closure of critical road links, power outages, or water
supply disruptions. Through graph neural networks, the system maps dependencies
and forecasts systemic Vulnerablhtlesbgnac@wmg.q&gm@ alignment with ground-truth
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and optimizing evacuation routes.

5.5 Scalability and Cross-Regional Transferability

The model’s scalability is assessed by deploying it across diverse geographies and
disaster types without significant retraining. By using transfer learning techniques, we
achieved performance consistency across test regions in India, California, and
Southeast Asia. Scalability metrics included average drop in Fl-score (<5%) and
adaptation time (<3 hours). These results suggest the model's adaptability for global
disaster management applications, provided satellite and infrastructure data are

available.
5.6 User Experience and Visualization Quality

Qualitative evaluation was conducted through expert feedback from emergency
responders and urban planners. Usability metrics included dashboard accessibility,
map clarity, and interpretability of risk indicators. Over 90% of users rated the
visualizations as highly actionable, and 80% expressed confidence in using the Al-
generated maps for real-time decision-making. These subjective assessments validate

the model’s utility beyond algorithmic performance.
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6. Discussion

Al world models provide a revolutionary approach to disaster risk assessment by
enabling real-time intelligence and predictive foresight. These systems offer several
advantages, including speed, adaptability, and integration of spatial and temporal data.
The integration of infrastructure dependencies allows for systemic analysis of

cascading failures, making them highly relevant for urban resilience strategies.

However, the models face challenges such as variability in satellite data quality,
computational resource demands, and ethical considerations surrounding surveillance

and data privacy. The model's generalization capability can be limited without proper
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7. Future Directions

To enhance their utility and scalability, future AI world models for disaster risk
assessment could incorporate drone imagery, crowd-sourced data, and real-time IoT
sensor feeds. Explainable Al techniques can make model predictions transparent and
trustworthy. The integration of policy dashboards and decision-support tools tailored

for municipal and national agencies could increase the models' uptake in practice.

Edge computing architectures would be valuable in connectivity-challenged zones,
enabling decentralized analysis. Cross-agency collaboration, open-source frameworks,

and global datasets will further fuel innovation and equitable access.

8. Conclusion

Al world models represent a transformative shift in disaster risk assessment—moving
from reactive reporting to proactive, real-time intelligence. By fusing satellite imagery
with infrastructure knowledge, these models offer a dynamic understanding of
disaster evolution, enabling faster, smarter, and more informed decision-making. With
continued investment, partnerships, and ethical oversight, Al can serve as a

cornerstone for resilient societies in a climate-challenged world.
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