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ABSTRACT

This study presents the
development of a random forest (RF) model
designed for rapid and accurate earthquake
source-location estimation to support
earthquake early warning (EEW) systems.
The system utilizes the P-wave arrival
times at the first five stations recording an
earthquake and computes the arrival time
differences relative to a reference station.
These differential arrival times, along with
station locations, are then classified using
the RF model to estimate the epicenter.
Tested with a Japanese earthquake catalog,
the RF model demonstrates high accuracy,
achieving a Mean Absolute Error (MAE) of
2.88 km. Remarkably, the model can
deliver reliable results with a limited
dataset (10%) and as few as three recording
stations, maintaining an MAE of less than 5
km. This approach proves to be both
accurate and generalizable, making it a
valuable tool for rapid and reliable
earthquake source-location prediction in

EEW systems.
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INTRODUCTION

Earthquake hypocenter localization
is a crucial task in seismology, essential for
applications such as tomography, source
characterization, and hazard assessment.
Determining the origin times and
hypocenter locations accurately is vital for
understanding  seismic  events and
mitigating their impact. The ability to
characterize ongoing earthquakes rapidly
and reliably is particularly important for
earthquake early warning (EEW) systems,
which can help in minimizing the damage
However,

caused by  earthquakes.

challenges remain in  pinpointing
hypocenter locations in real-time due to
limited information in the early stages of an
earthquake.  Traditional methods of

earthquake monitoring struggle with this
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issue, particularly in the critical first few
seconds after the P-wave arrival when only
minimal data is available from the few
initial seismograph stations.

The problem of earthquake
localization can be addressed by analyzing
the sequence of detected waves and the
locations of the seismograph stations
triggered by the ground shaking. Among
various network architectures, the recurrent
neural network (RNN) has shown promise
due to its ability to process and extract
meaningful information from sequential
data. This makes RNNs particularly useful
for handling seismic data from stations that
are triggered in sequence as seismic waves
propagate. RNNs have been explored for
real-time earthquake detection and for
classifying source characteristics. In
addition, other machine learning methods,
including nearest neighbor, decision trees,
and support vector machines, have been
proposed for earthquake monitoring.
However, these traditional machine
learning methods often require expert
knowledge to select appropriate input
features, which can limit their accuracy.

Recent advances have seen the use
of convolutional neural networks (CNNs)
for earthquake monitoring, specifically in
regionalizing earthquake epicenters or
predicting precise hypocenter locations.
These CNN-based clustering methods have

been successful in utilizing three-
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component waveforms from multiple
stations to train models for swarm event
localization. While these methods show
potential, the reliance on a large number of
stations and complex feature extraction can
make them computationally expensive and
slow for real-time application. Therefore, a
method that can provide accurate results
with minimal data and in a shorter time
frame is highly desirable.

In this study, the authors propose an
alternative approach using a random forest
(RF)-based method for earthquake
localization. The method relies on the
differential P-wave arrival times from the
first few stations to estimate the
earthquake’s hypocenter location. This
approach is particularly valuable for
earthquake early warning systems because
of its ability to respond quickly to the initial
earthquake arrivals. By incorporating both
the differential P-wave arrival times and
station locations into the RF model, the
method implicitly accounts for the
variations in velocity structures across
different regions, which is a critical factor
in accurate location estimation.

The proposed RF algorithm was
evaluated using an extensive seismic
catalog from Japan, and the results showed
that it could accurately determine
earthquake locations using minimal
information. The RF model demonstrated a

high level of accuracy even with limited
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data, achieving reliable results with just a
small fraction of the dataset and only a few
initial stations. This highlights the
efficiency and practicality of the RF-based
method for earthquake localization, making
it a promising tool for enhancing the
timeliness and reliability of EEW systems.

Overall, the study introduces a new
machine learning-based approach to
earthquake localization, emphasizing rapid
response times and minimal data
requirements. The RF model’s ability to
accurately predict earthquake locations
with limited information opens up new
possibilities  for efficient earthquake
monitoring systems. This method could
significantly improve the speed and
reliability of earthquake early warning
systems, offering a powerful tool for
mitigating the risks posed by seismic

events.

LITERATURE SURVEY

Q. Kong, R. M. Allen, L. Schreier, and
Y.-W. Kwon, '""MyShake: A smartphone
seismic network for earthquake early
warning and  beyond," Science
Advances, vol. 2, no. 2, p. e1501055, 2016.
This study introduces MyShake, a
crowdsourced earthquake early warning
system leveraging smartphone
accelerometers to detect seismic events. By

utilizing the sensors in private smartphones,
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MyShake aims to provide timely alerts and

contribute to a global seismic network.

T.-L. Chin, K.-Y. Chen, D.-Y. Chen, and

D.-E. Lin, "Intelligent real-time
earthquake detection by recurrent
neural networks," IEEE Transactions on
Geoscience and Remote Sensing, vol. 58,
no. 8, pp. 5440-5449, 2020.

This research explores the application of
recurrent neural networks (RNNs) for real-
time earthquake detection. The authors
propose an intelligent system that utilizes
RNN models to enhance the accuracy and
speed of earthquake detection, addressing
challenges associated with traditional

criterion-based algorithms.

T.-L. Chin, C.-Y. Huang, S.-H. Shen, Y.-
C.Tsai, Y. H. Hu, and Y.-M. Wu, "Learn
to detect: Improving the accuracy of
earthquake detection," IEEE
Transactions on Geoscience and Remote
Sensing, vol. 57, no. 11, pp. 8867-8878,
2019.

This paper focuses on enhancing
earthquake detection accuracy through
machine learning techniques. The authors
propose a method that improves detection
performance by learning from seismic data,
aiming to reduce false alarms and improve

the reliability of earthquake monitoring

systems.
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O. M. Saad, A. G. Hafez, and M. S.
Soliman, '"Deep learning approach for
earthquake parameters classification in
earthquake early warning system,"
IEEE Geoscience and Remote Sensing
Letters, pp. 1-5, 2020.

This study investigates the use of deep
learning  approaches for classifying
earthquake parameters within early
warning systems. The authors develop a
method that leverages deep learning
algorithms to accurately classify seismic
events, contributing to the effectiveness of
earthquake early warning systems.

X. Zhang, J. Zhang, C. Yuan, S. Liu, Z.
Chen, and W. Li, "Locating induced
earthquakes with a network of seismic
stations in Oklahoma via a deep learning
method," Scientific Reports, vol. 10, no.
1, pp. 1-12, 2020.

This research applies deep learning
techniques to locate induced earthquakes
using a network of seismic stations in
Oklahoma. The authors demonstrate the
effectiveness of deep learning methods in
accurately determining the locations of
induced seismic events, highlighting the
potential of machine learning in earthquake

monitoring.

L. Breiman, "Random forests," Machine
Learning, vol. 45, no. 1, pp. 5-32, 2001.
In this seminal paper, Breiman introduces

the concept of random forests, an ensemble
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learning method that combines multiple
decision trees to improve classification and
regression accuracy. The paper provides a
comprehensive overview of the random
forest algorithm, including its theoretical

foundations and practical applications.

S. M. Mousavi, W. L. Ellsworth, W. Zhu,
L. Y. Chuang, and G. C. Beroza,
"Earthquake transformer—An attentive
deep-learning model for simultaneous
earthquake detection and phase
picking," Nature Communications, vol.
11, no. 1, pp. 1-12, 2020.

This study presents Earthquake
Transformer, an attentive deep-learning
model  designed for  simultaneous
earthquake detection and phase picking.
The authors introduce a novel approach that
utilizes attention mechanisms to enhance
the performance of earthquake detection
and phase identification, offering a
significant advancement in seismic event

analysis.

PROPOSED METHODOLOGY

The proposed system utilizes a
random forest (RF)-based method for
earthquake location estimation, relying on
differential P-wave arrival times and station
locations. This approach focuses on the
initial P-wave arrival times detected by the
first few stations, allowing for a rapid

response to earthquake events, which is
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crucial  for  quickly  disseminating
earthquake early warning (EEW) alerts. By
incorporating source-station locations into
the RF model, the system implicitly
accounts for wvariations in velocity
structures, enhancing its accuracy. The
algorithm was tested using a seismic
catalog from Japan, and the results
demonstrated that the RF model can
accurately determine earthquake locations
with minimal data, highlighting its potential

for improving machine learning-based

earthquake monitoring systems.

RANDOM FOREST MODEL
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WORKING METHODOLOGY

In the service provider module, the
process starts with an admin login that
authenticates users with predefined
credentials. Upon logging in, the admin can
access various functionalities, including
viewing prediction ratios and accuracy
reports. The system calculates the detection
ratio for earthquake and explosion warnings
by comparing the number of warnings

predicted with the total number of
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predictions made. These ratios are

displayed using charts for better

visualization.

The  prediction models for
earthquake early warning are trained using
different machine learning algorithms such
as Naive Bayes, SVM, Logistic Regression,
Decision Tree, K-Nearest Neighbors, and
Random Forest. The dataset used for
training consists of various attributes,
including geographical information and
seismic data. The labels in the dataset are
mapped to two categories: earthquake and
explosion. The models are trained and
tested using a portion of the data (80% for
training and 20% for testing), and their
accuracy is measured using metrics like
accuracy score, confusion matrix, and
classification report. The best performing
models are stored in the database along with
their respective accuracy scores, which can
later be used for prediction by the remote

user.
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The remote user interface allows
users to register and log in to their accounts,

where they can view their profile, predict

earthquake warnings, and upload datasets
for further analysis. Upon submitting the

prediction request, the system processes the ) )
The entire system integrates

input data, applies the same models trained ) )
machine learning and web development
by the service provider, and outputs the ) ) ) .
using Django, with a focus on providing a
rediction  results earthquake or . )
P ( q reliable and fast earthquake early warning
explosion). The results, along with other .. i )
prediction system. The service provider
relevant information, are presented to the . )
manages model training, data processing,

user in a user-friendly interface. . .
and reporting, while remote users can

etk Lo : benefit from real-time predictions and
insights to help mitigate the impacts of

earthquakes and explosions.

CONCLUSION
The study outlines the use of
o — machine learning, specifically the Random
_menl Forest (RF) algorithm, for real-time
| earthquake location estimation. The method

utilizes the differences in P-wave arrival

times from multiple seismic stations to
pinpoint earthquake sources. A case study
in the Japanese seismic area demonstrated

the  method's strong  performance,
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highlighting its practical applicability. The
approach involves extracting events with at
least five P-wave arrival times and then
splitting them into training and testing
datasets to develop the machine learning
model.

An important finding from the study
is that the proposed method can still yield
good results with only three seismic
stations and just 10% of the available
dataset for training. This flexibility
suggests that the model can be applied to
more challenging seismic regions, where
data may be sparse. Furthermore, the study
recognizes the challenges posed by sparse
network distributions globally, which can
complicate model training. To address this,
the authors propose using synthetic datasets
to supplement real-world data, ensuring the
robustness of the model even in regions
with limited seismic station coverage.

Overall, the study demonstrates the
potential of Random Forests for real-time
earthquake location estimation, offering a
reliable and adaptable solution for
earthquake early warning systems, even in
areas with limited seismic infrastructure.
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