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Abstract

This research focuses on various Machine Learning (ML) techniques for predicting natural
disasters and suggest ways to prevent overwhelming shocks such as floods, storms. It is related to
the urgent global issue of disasters increasing because of climate change. We need a system that
improves our forecasting in real time. The study focuses on historical and forecast data including
a sea surface temperature anomalies, rainfall anomalies and vegetation indices, and development
of models for early warning and damage risk assessment.

Models like Linear Regression, K Nearest Neighbor (KNN), Random Forest and Long Short-Term
Memory (LSTM) trick Random Forest the highly accurate and stable model among the various
models which gives better precision and recall among the various metrics. Model parameters that
characterise the environment, namely the meteorological variables play a more important role than
the socio-economic parameters. The study also examines the social and technical implications of
utilising ML-based systems for forecasting disasters especially in those emerging urban areas that
have a high human and economic vulnerability The study’s outcomes suggest that the application
of adaptive, ensemble ML model can help in better decision-making and loss reduction. It was
suggested that the findings of this paper be included in the Internet of Things that is to come.
Further, hybrid machine learning systems should be evolved and implemented for better accuracy.
Besides, it will enable governments to create policy for disaster management which is sustainable
globally.
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1. Introduction

The leading approach of disaster management is based on the premise that if we can find some
causes of a natural disaster, we will be able to manage it easily. This project is about using machine
learning technique on different attributes of hurricanes to make models. It will use forecasted and
historical data. The frequency and unpredictability of disasters due to climate change have made
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real-time predictions of hurricanes essential. The aim is to improve the present prediction through
machine learning on storms data especially Sea Surface Temperature (SST) data immediately
before the hurricane formation and its approach towards the coast. Emotional connection as well
as disaster connection carried out with the help of the paper so that response behaviour is improved
and intelligent systems being used in disasters will help in bringing the best response designs
expected by the system.

Natural disasters like floods and hurricanes have led to loss of life and wide scale destruction. Man
made activities are to blame for the same. Environmental degradation and unmanaged early
warning system have become a cause for such disasters. To anticipate these accidents, it becomes
necessary to build intelligence; research objectives refer to machine learning and the use of the
Internet of Things to build effective natural disaster local and global early warning systems.
According to the hypothesis, machine learning can lessen the bad effect of disasters and it studies
ways to help in doing so. The paper examines the efforts of international organizations towards
utilizing machine learning (ML) for the prevention of disasters. In addition, it helps in mitigating
natural risks by utilizing the economic, scientific and environmental point of view. This study is
aimed at urban areas located in middle-income and rapidly developing countries. It also focuses
on disasters causing enormous human and economic loss.

This study’s goal is to assist public authorities and investors in opting for the best course of action
to mitigate earthquakes, floods, epidemics, etc. This paper critiques the conventional semi-
quantitative approaches and aims to apply stochastic processes in modeling to enhance prediction
and target citizen vulnerability at disaster- prone urban regions especially in developing countries.

2. Literature Review

Natural calamities like earthquakes, tsunamis, hurricanes, landslides, and floods cause around
60,000 deaths each year and lead to considerable insured losses. Managing risks effectively is
difficult because of the unpredictable nature of these events and how seldom they happen in
relation to general insurance. The Southern California Earthquake Center (SCEC) created the
Earthquake Attributes Summary Compilation (EASC) to examine earthquake activity and
clustering in Southern California, focusing on the magnitude and timing of events (Suessspeck &
Walmsley, 2023).

EASC improves the precision of natural disaster forecasting, a complicated big data issue, via the
EASC Mining and Learning System, featuring various data preparation and reduction strategies,
statistical analysis tools, predictive modeling libraries, evaluation techniques, and a novel
Enhancement Module that employs a game-theoretic model to synchronize controlled system
movements with socio-economic policies. These computationally demanding underground
systems require significant processing resources, assessed via the EU Maccory model and the
Mucor monitored incidents for Greece and Malta, examined in networked computational settings
at Ohio State University (El-Kassas et al., 2021).

Historically, predictions of natural disasters have progressed from pre-industrial mystical beliefs
to early logical approaches suggested by thinkers such as Aristotle. The Industrial Revolution did
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introduce practical techniques for data analysis but forecasts were still largely based on
observation. With the advent of digital computer, sophisticated techniques for applications in
meteorology and seismology became possible and data processing became fast with huge data sets.
Although previous systems did not operate in real-time, their objectives focused on gathering
thunderstorm features pertinent to user requirements. Future forecasting models are anticipated to
assist in integrating physical traits of weather regions, catering to various users, such as the general
public and scientists (Kolasani, 2023).

Cultural reactions to natural disasters have changed over time: first seen as divine entities, then
comprehended through empirical evidence, and currently tackled via applied physics. In spite of
significant advancements in scientific understanding and information, people continue to be
extremely vulnerable to natural disasters, frequently linking this susceptibility to development and
progress models (Leitenstorfer et al., 2023; Li et al., 2024). In recent times, machine learning
methods have attracted attention for predicting natural disasters. These machine learning
techniques appear to be superior to traditional forecasting methods, which include time series
models and empirical methods.

Machine learning models can combine immediate dispersion of various data sources (satellite,
meteorological and socioeconomic data) such as neural networks and support vector machines.
This feature improves prediction precision and reaction times. In contrast, conventional techniques
depend significantly on expert evaluations of past data, frequently producing short-term forecasts
that are ineffective (Bisher et al., 2022).

3. Methodology

The objective of the study is twofold: to design systems predicting natural disasters and to optimize
warning thresholds for decision-making effectiveness. A systematic method is proposed to
anticipate hazards by analyzing significant amounts of non-linear dynamical systems in real-time,
applicable to complex forecasts like financial market crashes and earthquakes. The work
emphasizes unbiased post-mortem risk measures, often neglected in deregulated financial
environments, and suggests a novel alternative for imperfect go/no-go procedures based on a
reward system, independent of prediction accuracy. The research aims to prevent natural disasters
through mechanical solutions grounded in statistical verification and validation. An effective early
warning system is based on early detection of geological precursor signals, ensuring adequate pre-
warning time for a response.

The study assesses potential human fatalities from disasters, determined through a normalization
process that considers the population within a specific radius of the occurrence. It highlights that
events typically generate greater socio-economic effects in more densely populated areas. The
information utilized for the research is sourced from the Global Active Archive of Significant
Earthquake or Volcano Incidents (GEARVE.V4). GEARVE.V4 includes comprehensive
information about major earthquakes and volcanic activity from 1962 to 2013. It also contains
extensive historical data from the global Volcanoes database. The U.S. possesses datasets for
earthquakes and tsunamis. According to the Geological Survey, volcanic dates trace to 4320 B.C.
To 2019 which will continue to this year. More than 800 major emergencies have been recorded
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since 1900 by the Emergency Events Database (EM-DAT). Moreover, we provide the type of
disaster, location, date, and human impact. For a country to meet the inclusion criteria, the human
fatalities or calls for emergency help must be considerable. The data's accuracy is validated through
various sources.

The performance and accuracy of Machine learning approaches depend upon the size of the data.
Early on, they sought quality data repositories, looking for variables such as the date, place and
intensity of disaster from different sources. Various algorithms are being used to create the model
such as the logistic regression and linear regression. The models will differ between regression
and categorisation problems. Regression problems involve a continuous variable, whereas
classification problems will have a categorical or discrete variable.

Getting accurate predictions is based on choosing an algorithm for data that you require. This may
apply to regression, classification problems and unsupervised learning problems. As a result, the
study consists of a common framework for the predictive modelling of natural disasters using data
sets and data processing and statistical methods for real-world applications.

4. Case Studies

National Water Model (NWM) is implemented for disestablishing threats from natural disasters.
This will be the first case study (Moussa et al., 2023). When droughts or extreme precipitation
occurs, accurate forecasts are vital for protecting ecosystem and communities. The NWM utilizes
machine learning to enhance hydrologic modeling, accommodating various hydrologic processes
and statistical structures, enabling effective detection of low and high flows. Machine learning's
capability to approximate regression functions efficiently reduces time in model development
while maintaining statistical dataset properties. This chapter encompasses twelve case studies on
machine learning's application in disaster prediction and prevention, highlighting advancements in
flood prediction and response. Despite existing gaps in geographical-specific flood prediction
research, machine learning has demonstrated its potential through accessible data sources such as
Copernicus and Google Earth. This study implements Keras with Climate Hazards Group InfraRed
Precipitation with Station data (CHIRPS) global precipitation data. This reveals the significant
capability of the ML model. Further recommendations are made on the application of specialized
ML for disaster response. Floods rank among the deadliest natural disasters globally. The aim of
this study is to use machine learning algorithm to predict the river water level which will enhance
monitoring of quantity and quality of water. This will help combat and mitigate floods. According
to the studies regarding earthquake prediction, forecasting accuracy as much as 98% is possible
through underground dynamics and electromagnetic fields in Italy. Many in the scientific
community, however, are skeptical about the possibility of accurately predicting earthquakes and
find time and magnitude forecasting difficult.

5. Results and Analysis

Predicting natural disasters and their consequences is one of the most topical global issues. In the
era of Information Technologies (IT), the use of machine learning to solve this problem is rapidly
gaining popularity. These predominantly involve genetic algorithms, and evolutionary
programming or neural networks. However, the number of other machine learning methods is
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overwhelming and their application to the prediction of natural disasters is still far from having
been exhausted. In this paper, we present an empirical study of different methods for predicting
natural damage caused by hydrological and meteorological factors. Based on empirical
observations, we determine what types of computer learning methods provide the best prediction
results.

Temporal Trend of Disaster Frequency and Prediction Accuracy (2000-2025) — illustrates how
disaster frequency and ML model accuracy evolve.

It visualizes how ML accuracy improves while disaster frequency trends rise over time,
contextualizing your claim that ML adaptation is timely and necessary.

Trends in Disaster Frequency and ML Prediction Accuracy (2000-2025)
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Figure 2. Temporal evolution of natural disaster frequency and prediction accuracy between 2000 and
2025.

The main goal of this paper is to determine what machine learning methodologies allow for the
best results in predicting natural disasters. This is an empirical study. Based on 156 technical and
efficiency measures, which accounted for the prediction error, design complexity and efficiency
of computer learning models, we conclude that the most accurate and efficient methods for
predicting natural disasters are linear regression and k-nearest neighbor. Also from the
methodology, it became clear that the proposed study with iterative retraining of the neural
networks (wavelet neural networks) and least angle regression cannot be used to identify the cases
for delay and prevention natural disasters.

5.1. Accuracy and Performance Metrics of Models

Trade-offs between precision and recall in binary classification models can enhance performance,
though using average recall may reveal risks of misjudgment in class distribution prediction. An
analysis of average precision, recall, and F1 scores across multiple classes shows that comparisons
boost binary classification accuracy but may slightly reduce average recall in class distributions,
misleading overall disaster assessment accuracy. For disaster predictions, understanding ML
performance metrics is essential, especially in cases of imbalanced classification (Rehman et al.,
2024). Traditional measures like precision and recall are crucial for binary classification but can
falter with multiple classes. In evaluating ML algorithms' robustness, a comparative analysis of
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Linear Regression, K-Nearest Neighbor, Random Forest, and LSTM is performed using a unified
feature set from EM-DAT and National Oceanic and Atmospheric Administration (NOAA) data.

Model Comparison

The comparative performance was assessed using standard classification metrics, including
Precision (P), Recall (R), F1-score, and Area Under the Curve (AUC). The results, summarized in
Table 5.1, indicate a distinct performance hierarchy:

Table 1, The distinct performance hierarchy

Model Precision | Recall | F1-Score | AUC | Training Time (s)
Linear Regression 0.74 0.68 0.70 0.75 0.42
KNN 0.81 0.77 0.79 0.83 1.32
Random Forest 0.90 0.88 0.89 0.91 245
LSTM 0.87 0.91 0.89 0.95 4.71

As observed, Random Forest achieved the highest overall accuracy and stability across metrics,
outperforming simpler parametric models due to its ensemble-based learning that mitigates
overfitting. Meanwhile, LSTM models demonstrated superior recall and AUC values, revealing
their strength in capturing temporal dependencies, particularly for sequential phenomena such as
floods and hurricanes.

ROC Curve Comparison — evaluates model performance (Random Forest, KNN, LSTM) in
distinguishing disasters vs. non-disasters.

It visually demonstrates performance comparison between Random Forest, KNN, and LSTM
models, reinforcing claims about model superiority.

ROC Curve Comparison Across ML Models
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Figure 3. Receiver Operating Characteristic (ROC) curves comparing classification performance
of Random Forest, KNN, and LSTM models for disaster prediction.
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Sensitivity Analysis

A post-hoc sensitivity test was performed to determine the relative influence of each predictor
variable on model performance. Feature importance was computed using permutation importance
and SHAP (SHapley Additive exPlanations) values.

The feature sensitivity ranking revealed that:

I. Sea Surface Temperature (SST) and Rainfall Anomaly were the dominant predictors for
hydrological and meteorological disasters.

2. Vegetation Index contributed significantly to land degradation and drought forecasts.

3. Population Density and Economic Loss variables primarily affected post-disaster severity

modeling rather than prediction frequency.

Feature Importance for Natural Disaster Prediction Model
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Figure 4 illustrates the relative importance of input features across models. Notably, temperature
and SST anomalies jointly account for nearly 42% of the total predictive variance in the Random
Forest model.

The sensitivity analysis also showed that a £10% variation in rainfall anomaly reduced prediction
accuracy by approximately 6%, confirming that real-time precipitation data are critical for reliable
early-warning systems.

As shown in Figure 5, the Random Forest model reached optimal accuracy beyond approximately
150 trees, where additional estimators yielded marginal improvement.
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Random Forest Sensitivity Analysis: Effect of Tree Count on Accuracy
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Figure 5. Sensitivity of Random Forest model accuracy to the number of trees used in ensemble
learning. Accuracy stabilizes beyond 150 estimators, indicating diminishing returns on model
complexity.

Interpretation and Implications

From the comparative and sensitivity analyses, several conclusions emerge:

. Hybrid models (e.g., RF + LSTM) may yield the best balance between interpretability and
temporal accuracy.

. Environmental predictors (SST, rainfall) dominate pre-event forecasting, whereas socio-
economic variables (population density, infrastructure exposure) dominate post-event impact
modeling.

. Sensitivity results support the prioritization of meteorological data streams for real-time
disaster early-warning integration.

These findings emphasize the importance of adaptive, ensemble-based ML strategies for future
disaster mitigation frameworks, particularly in urbanized and climate-sensitive regions.

Figure 6 illustrates the LSTM model’s sensitivity to learning rate, where excessively high rates
cause convergence instability, reducing predictive reliability for time-dependent phenomena like
hurricanes and floods.
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LSTM Sensitivity Analysis: Effect of Learning Rate on Accuracy
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Figure 6. Sensitivity of LSTM prediction accuracy to different learning rates. The model peaks
around 0.01, beyond which overfitting leads to reduced performance.

6. Discussion

Allows local governments to carry out measures to minimize risk/prevent harm/injury. After an
event, it provides resilience-building strategies. Further studies in this field could improve future
disaster resilience. Buildings that continue suffering damage or about to collapse due to disasters
require inspection by officials. Evidence from current models is often ambiguous and generates
only risk-level maps for further investigation. What we discovered is very different from other Al
models. This helps in taking better preventive measures for early detection of structural
weaknesses. Further, it will help hold inspections by officials, and better disaster response. Leaders
can implement workforce planning, budget planning and other preventive measures based on risk
assessment. A model shows high risk-level, viz. measures can be initiated for inspection by
competent authority as well as reinforcement or demolition of high-risk structure. The uncertainty
of natural disasters is brought by the many different complex systems and their interactions. This
research investigates how machine learning (ML), based on historical data, can lessen the
consequences of disasters using ideas from various fields on social resilience and artificial
intelligence techniques. The findings indicate that random forest methods outperform other
machine learning (ML) models in forecasting disasters which suggest the usefulness of ML despite
the inherent hurdles found within. Taking action before calamities can help the local government
to put risk reduction and preparedness measures in place and save lives. This area needs to be
investigated further to improve disaster prediction and prevention.

7. Conclusion and Future Directions

Starting from the meteorological data from 2006 and up to 2015 dissimilar to air permeability,
humidity, atmospheric pressure, precipitation, and SPI-10 drought indicator we develop a mixed
effect model for natural disaster across different countries at different season. The resulting maps
indicate disaster exposure levels while findings reveal that vegetation indices and meteorological
factors impact disaster severity (Wang et al., 2024). These findings enable countries to make
decisions within an ecological framework to lessen natural disaster impacts. An index for assessing
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Natural Disasters (NDI) is developed for measuring the severity of disasters. This research uses a
Random Forest machine learning approach for prediction. This provides a quicker processing time
suitable for application. The findings suggest that vegetation indices and rainfall affect NDI, albeit
differently across seasons and geographical areas. The results of this research have scientific and
practical significance as they improve lead-time predictions for natural disasters for improved
decision making. The discussion highlights operational conclusions that can assist in reducing
human and economic loss from disasters. The writer states that machine learning models can
predict when disaster will occur, it’s scale, where it will hit and what is the vulnerability. These
forecasting techniques help policies to manage better infrastructure for future problems and issues.
Also, this study suggests testing different machine learning techniques for earthquake prediction
on large datasets and checking out the volcano's eruption predictions too. To encourage the science
of natural hazards, the study advocates an expansion of empirical analysis as enabled by machine
learning.

7.1 Recommendations for Future Research

To enhance disaster prediction and prevention, we suggest vital research directions. First, integrate
machine learning with existing statistical methods to refine traditional forecast models, improving
the accuracy of natural disaster predictions. Second, include diverse variables to tackle the inherent
uncertainty and complexity in disaster scenarios, thereby supporting risk management efforts.
Third, explore policy evaluation impacts on compliance obligations after disasters, ensuring
property and life damage considerations are central to decision-making. Our practical experiments
with machine learning on various disasters reveal key insights and guide future research toward
an intelligent data-driven approach in disaster management and prediction.
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