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Abstract

Seismic event classification, especially differentiating between natural earthquakes and human-
made explosions, remains a critical task in geophysics, disaster management, and international
security. Traditional seismic monitoring systems often struggle to accurately distinguish between
these two types of events due to their similar seismic wave signatures. To address these
challenges, this paper presents MACREE (Modular Analysis for Classification and Refined
Event Evaluation), a novel framework designed to enhance the accuracy of seismic event
classification using advanced signal processing and machine learning techniques. MACREE
combines adaptive preprocessing, time-frequency analysis, and feature extraction to refine the
raw seismic data, followed by a robust machine learning classification engine that improves
event detection accuracy. The system’s modular design allows it to effectively analyze a wide
variety of seismic events in real-time, reducing false positives and improving classification
reliability. The paper discusses MACREE's architecture, algorithms, and performance
evaluations, highlighting its potential to revolutionize seismic event monitoring in a range of

applications, from earthquake detection to nuclear test verification.
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The Earth's natural and anthropogenic activities generate seismic waves, which can be detected
and analyzed to provide valuable insights into geophysical events. Seismic waves, the result of
either tectonic plate movements or controlled explosions, exhibit similar characteristics in terms
of their waveforms, making it a challenge to accurately differentiate between events such as
earthquakes and explosions. While earthquakes, caused by the movement of the Earth's crust, are
typically characterized by complex waveforms with varying frequency components, explosions,
especially those of the anthropogenic variety, often exhibit sharp, high-frequency signatures with
relatively straightforward waveforms[1]. Correctly classifying these seismic events is crucial for
a variety of applications, including earthquake monitoring, environmental safety, and
international arms control verification, such as compliance with the Comprehensive Nuclear-
Test-Ban Treaty (CTBT).

In traditional seismic monitoring systems, classification is typically based on simple thresholds
such as arrival times and amplitude ratios, which often lack the sophistication necessary for
distinguishing between earthquakes and explosions with a high degree of accuracy. This
becomes particularly problematic when low-magnitude events occur or when seismic signals are
recorded over regional distances, where the characteristics of waves from earthquakes and
explosions become increasingly difficult to differentiate. These challenges underscore the need
for more advanced, automated methods for seismic event classification, capable of handling

complex data and minimizing human error in decision-making[2].

MACREE (Modular Analysis for Classification and Refined Event Evaluation) represents a
modern, sophisticated solution to these challenges. By integrating cutting-edge signal processing
techniques with machine learning algorithms, MACREE offers a new way to interpret and
classify seismic data. The system begins by preprocessing raw seismic data to reduce noise and
enhance the clarity of the signal. Adaptive filtering techniques are employed to isolate relevant
seismic waves from ambient noise, such as human-induced vibrations and other environmental
disturbances. This initial step ensures that the data fed into the classification model is as clean

and informative as possible, providing a solid foundation for subsequent analysis.

Following preprocessing, MACREE uses time-frequency analysis techniques to examine the

frequency content and temporal evolution of the seismic waves. The time-frequency domain
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representation provides a richer understanding of the seismic event, capturing features that
traditional methods might overlook. Earthquakes, with their more complex and sustained
waveforms, and explosions, with their sharp onsets and higher frequency content, can be
differentiated more effectively through this analysis. The system uses tools such as the Short-
Time Fourier Transform (STFT) and Continuous Wavelet Transform (CWT) to analyze these
signals, enhancing the ability to extract event-specific features that will ultimately be used for

classification[3].

Once the relevant features are extracted, MACREE’s machine learning model takes over. Using
a hybrid classification approach, which combines the strengths of decision trees, support vector
machines (SVMs), and neural networks, MACREE classifies the event as either an earthquake or
an explosion with high accuracy. The system has been trained on a vast dataset of labeled
seismic events, enabling it to generalize to new, unseen data. The model also includes a
confidence score, providing an additional layer of reliability in the classification results. The
hybrid nature of the classification model ensures that the system remains flexible and robust

across a wide variety of seismic events and environments[4].

The modular architecture of MACREE allows it to be easily deployed in diverse seismic
monitoring environments, ranging from local seismic networks to global systems. It can be
adapted to different regions and conditions, ensuring that it remains effective even in areas with
varying geological characteristics. Its ability to classify events in real-time makes it an invaluable
tool for emergency response teams, international security agencies, and seismologists alike,
helping to ensure a rapid and accurate assessment of seismic events[5].

Integrating MACREE into Global Seismic Monitoring Networks

The global seismic monitoring infrastructure plays an indispensable role in tracking natural
disasters, ensuring nuclear test ban compliance, and managing a variety of safety applications.
Traditional seismic monitoring systems have been effective in detecting seismic events, but often
lack the precision necessary for accurate classification. This is where MACREE, with its

advanced analytical capabilities, becomes a crucial tool for enhancing the performance and scope
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of these monitoring networks. Its integration into existing seismic systems offers the potential for

a significant upgrade in both event detection and classification accuracy.

The modular architecture of MACREE allows for seamless integration into both local and global
seismic monitoring networks. These networks, which often comprise thousands of seismic
stations spread across vast geographical regions, benefit from the advanced signal processing and
machine learning techniques that MACREE brings. By employing MACREE within these
networks, seismologists can ensure that seismic signals are analyzed with a greater degree of
accuracy and speed. Whether it is an earthquake occurring in a remote region or a suspected
explosion in a restricted zone, MACREE can process the data in real-time, allowing for
immediate classification and response[6].

MACREE’s ability to classify seismic events based on their unique signal characteristics is
particularly important for global monitoring systems such as the International Monitoring
System (IMS) of the Comprehensive Nuclear-Test-Ban Treaty (CTBT). The CTBT requires
continuous monitoring of seismic activities to detect nuclear explosions. Traditional systems
sometimes face challenges in differentiating between nuclear explosions and naturally occurring
seismic events, especially when the signals are weak or recorded at regional distances.
MACREE’s precise classification capabilities allow for a more reliable distinction between
explosions and earthquakes, even in the most difficult scenarios, ensuring that treaty compliance

is maintained and reducing the risk of misinterpretation[7].

Moreover, MACREE’s hybrid machine learning model enables it to adapt to various seismic
conditions across different geographical regions. Seismic data is often influenced by local
geological factors, such as fault lines, soil composition, and regional seismic activity. MACREE
can adjust its classification techniques to account for these regional differences, ensuring that it
can process seismic signals accurately regardless of the environment. This adaptability makes it
an ideal solution for large-scale global networks that require flexibility and precision in diverse

settings[8].

The integration of MACREE into existing networks also presents a significant opportunity for

improving the efficiency of data processing and classification. With the vast volume of seismic

279



data collected by global monitoring systems, it can be challenging for traditional methods to
keep up with the demand. By automating the classification process with MACREE, seismic
networks can drastically reduce the time required to analyze events, enabling faster decision-

making and a more proactive response to significant seismic occurrences[9].

Furthermore, the real-time processing capability of MACREE ensures that data from seismic
events are classified immediately, providing real-time alerts to authorities and decision-makers.
This is particularly critical in scenarios where time-sensitive actions are needed, such as
emergency response to earthquakes or nuclear test verification. The integration of MACREE into
these networks thus enhances not only the speed and accuracy of seismic event detection but also
the overall effectiveness of global seismic monitoring systems[10].

Future Directions and Advancements in MACREE for Seismic Event

Classification

As the field of seismic monitoring continues to evolve, the need for more advanced and
adaptable systems becomes increasingly apparent. The current limitations of traditional seismic
classification methods highlight the importance of pushing the boundaries of what is possible in
seismic data analysis. MACREE represents a significant step forward in this direction, but as
with any technology, there are always opportunities for improvement and expansion. The future
of MACREE lies in its continued refinement, enhanced machine learning capabilities, and its
potential to incorporate even more sophisticated techniques to improve seismic event

classification accuracy.

One area where MACREE can be expanded is in the integration of deeper machine learning
techniques, such as deep neural networks (DNNs) and convolutional neural networks (CNNs).
While the current hybrid classification model used by MACREE already delivers high accuracy,
the incorporation of deep learning models could further enhance the system’s ability to learn
from seismic data. These models, which are particularly good at recognizing complex patterns in
large datasets, could help MACREE to automatically identify new features in seismic signals that

might not have been previously considered. Over time, as MACREE is exposed to more diverse
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and varied seismic events, its deep learning algorithms could evolve to become even more adept

at distinguishing between earthquakes, explosions, and other seismic phenomena[11].

Another promising direction for MACREE is the incorporation of multi-source data fusion.
Seismic data alone, while invaluable, can sometimes lack certain details that could provide
further insight into the nature of an event. For example, integrating data from other sensors, such
as acoustic, electromagnetic, or infrasound sensors, could offer a more comprehensive view of
the event. Multi-source data fusion would allow MACREE to combine different types of data
and cross-reference the information to improve classification accuracy. This approach could
prove particularly useful in distinguishing between different types of explosions and naturally
occurring seismic events, where traditional seismic waves alone may not be enough to make a

definitive classification.

As the global seismic network continues to grow in scale and complexity, the ability to process
and analyze seismic data in real-time will become increasingly important. One of the future
advancements for MACREE could be the optimization of its real-time processing capabilities.
Enhancing the speed at which MACREE analyzes seismic data could reduce the time between
event occurrence and classification, offering even faster response times in critical situations. This
would be particularly beneficial in regions prone to natural disasters, where timely earthquake

warnings could save lives and mitigate damage[12].

Lastly, as seismic monitoring becomes more integrated with other environmental monitoring
systems, MACREE’s ability to interact with other technologies and platforms could further
expand its reach and impact. For instance, connecting MACREE with geographic information
systems (GIS), satellite data, or weather monitoring platforms could enable a more holistic
understanding of seismic events and their broader environmental implications. Such integrations
could lead to more accurate predictions, better preparedness strategies, and more effective

disaster management.

Conclusion
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MACREE stands at the forefront of modern seismic event classification, offering a powerful tool
for distinguishing between earthquakes and explosions with remarkable accuracy. By leveraging
advanced signal processing, time-frequency analysis, and machine learning, MACREE addresses
the challenges faced by traditional seismic systems and provides a more sophisticated approach
to event detection. The integration of these techniques allows MACREE to classify seismic
events in real-time, improving the reliability of seismic monitoring systems across a range of
applications. The ability to differentiate between earthquakes and explosions has significant
implications, particularly in fields like disaster management, nuclear test monitoring, and
industrial safety. By improving the accuracy of seismic event classification, MACREE enhances
our ability to respond to natural disasters, verify international treaties, and ensure public safety in
industrial environments. Additionally, the modular design of MACREE ensures that it can be
easily integrated into existing seismic networks, enhancing the capabilities of current monitoring
systems. Ultimately, MACREE has the potential to revolutionize the way seismic events are
classified and analyzed, providing a modern lens through which we can better understand the

Earth’s movements.
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