Management Knowledge

T S oz

Research Paper a ‘ i‘
Predicting the Magnitude of Possible Earthquakes in the Shahrood District of Cromvink

Khalkhal County, Ardabil, Iran, Using Artificial Neural Networks

*Fariba Esfandiari Darabad® ©© Mehrdad Vahabzadeh Zargari* ©© Behrouz Nezafat Takle ©© Sayeh Abidi Hamlabad*

1. Department of Geography (Geomorphology ), Faculty of Social Sciences, University of Mohaghegh Ardabili, Ardabil, Iran.

Use your device to scan
and read the article online

(9{ETIYS Esfandiari Darabad., F., Vahabzadeh Zargari., M., Nezafat Takle., B., & Abidi Hamlabad., S. (2024). [Predicting the
Magnitude of Possible Earthquakes in the Shahrood District of Khalkhal County, Ardabil, Iran, Using Artificial Neural Networks
(Persian)]. Disaster Prevention and Management Knowledge, 14(2):158-177. https://doi.org/10.32598/DMKP.14.2.794.1

d -/} https:/doi.org/10.32598/DMKP.14.2.794.1

ABSTRACT

Earthquakes are natural disasters that can cause high damage. Prediction of
earthquakes is necessary to reduce damages, develop resistant infrastructure, and prevent the loss of life
in human societies. This research aims to predict the magnitude of possible earthquakes in the Shahrood
district of Khalkhal County using artificial neural networks (ANN).

YIETEY A multi-layer perceptron neural network was used to predict earthquake magnitude.

The results showed that in the fault areas, especially the Kalur fault, earthquakes with a mag-
nitude of 1-3 on the Richter scale are more likely to occur (70%). The likelihood of earthquakes with a
magnitude of 4-6 on the Richter scale is moderate (26%) and the earthquakes with a magnitude of 7-10
on the Richter scale have a very low probability (4%).

In future studies, it is recommended to use machine learning models to better and more ac-
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Extended Abstract

Introduction

rom ancient times, following natural disasters,

mankind has sought solutions to prevent or

control these disasters. Earthquakes are one

of these natural disasters that have always

caused financial and human losses. The time,
place, and magnitude of the earthquakes are the three
main parameters of the earthquake assessment. To con-
trol and minimize its adverse effects, a good estimate of
their values should be available (Arjamand et al., 2015).
Earthquake is a natural hazard with sudden shaking of the
ground, which is of particular importance for human soci-
eties in terms of magnitude and area of destruction, unpre-
dictability, and occurrence in a very short time (Gholami
and Shokuhi Bidandi, 2023). For earthquake prediction,
it is necessary to consider the time, place, magnitude,
probability, and reason for its occurrence. The purpose
of earthquake prediction is to help disaster management
organizations prepare for earthquakes. When a strong
earthquake is predicted, disaster management organiza-
tions should be alerted to take preventive measures. In
disaster preparedness, decisions and activities focus on
damage prevention. Various earthquake prediction tech-
niques have been applied to mitigate damages (Bhatia et
al., 2023).

Shahrood, a district of Khalkhal county, Ardabil, Iran,
is an area vulnerable to earthquakes due to the existence
of geological formations with heterogeneous resistance,
being located on an alluvial plain with less resistance than
the thick bedrock, and being surrounded by numerous
faults. Also, due to being located in the folded zone of
Western Alborz and Azerbaijan, different faults in the re-
gion have been formed, the most important of which are
Talash fault, Neor fault, and Shahooud Kalur fault. This
research aims to predict the magnitude of possible earth-
quakes in the Shahrood district of Khalkhal County using
artificial neural networks.

Methods

This research used various data and information, includ-
ing the geological map of Rezvanshahr, Khalkhal, and
Masuleh counties with a scale of 1:100,000, from which
the map of faults and geological formations was extract-
ed. ALOS-PALSAR digital elevation model with a spa-
tial resolution of 12.5 m and Sentinel-2 satellite images
were used to identify geological features. For finding dif-
ferent characteristics of earthquakes, the 30-year seismic
data from the Institute of Geophysics of the University of
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Tehran and the global seismic data from the US Geologi-
cal Survey were used, which included date of occurrence,
magnitude, focal depth, and geographic coordinates. The
selection of a 30-year period was due to the existence of
complete data. For the period of more than 30 years, the
data were mostly incomplete. All the data used for the
preparation in the first stage were entered into the ArcGIS
software and preliminary processing was done on all neu-
ral layers. After the preprocessing, the modeling is done
using SPSS Modeler software.

Results

For modeling the input data for the network, the data
was split into two sets; 70% for training and 30% for test-
ing. Five criteria were determined for predicting earth-
quake magnitude: Earthquake focal depth, magnitude
of previous earthquakes, distance of the faults from the
occurrence points, location of previous earthquakes, and
fault length. After designing the model and configuring
the network, the data was processed, and a multilayer per-
ceptron (MLP) artificial neural network was created with
5 input neurons, 3 hidden neurons, and 1 output neuron.
This model achieved an accuracy of 98.2%, indicating
its high precision in processing data for predicting earth-
quake magnitude. The results indicated that, in the MLP
model, the highest effect (0.83) was related to the magni-
tude of previous earthquakes, followed by the distance of
the faults (0.58) and the focal depth of earthquakes (0.42).
The lowest effects were related to the location of previ-
ous earthquakes (0.25) and fault length (0.18). The MLP
model was finally found to have high validity and reli-
ability in both training and testing phases.

Conclusion

The prediction results showed that earthquakes with a
magnitude of 1-3 on the Richter scale are very likely to
occur and the possibility of their occurrence on faults,
especially the Kalur fault, is very high (70%). Although
earthquakes with this magnitude have low risk, their oc-
currence in shallow depths and close to residential areas
can cause mortality and financial loss. Also, earthquakes
with a magnitude of 4-6 on the Richter scale have a mod-
erate probability of occurrence (26%). These earthquakes
can cause a lot of damage in the region. Moreover, the
likelihood of earthquakes with a magnitude of 7-10 on the
Richter scale in the area is 4%, indicating a low probabil-
ity. In future studies, it is recommended to use machine
learning models to better and more accurately predict
earthquakes in the studied area.
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4, Deep neural network (DNN)
5. Random forest (RF)
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6. ALOS—PALSAR satellite
7. ArcGIS
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8. Geographic information system (GIS)
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9. Receiver Operating Characteristic (ROC)
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10. Area under the curve (AUC)
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