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Seismologists typically use statistical methods to analyze how seismic
activity evolves to predict when and where strong earthquakes might
occur. However, these approaches often fall short of accurately
forecasting the timing and magnitude of major earthquakes. Traditionally,
earthquake prediction has focused on mechanical factors such as stress,
strain, and seismicity, interpreting their variations as warning signs of
impending large events.
In contrast, for decades, an alternative approach has emerged outside
AR A ABE At mainstream seismology, centered on observable tracers like
course descriptions | electromagnetic and chemical signals. These non-mechanical

phenomena, though often considered unconventional by traditional
seismologists, have been observed days or even weeks before major
earthquakes. Statistical analyses suggest that among these precursors,
electromagnetic signals show the greatest promise for short-term
earthquake forecasting.

This perspective is grounded in a sophisticated atomic-level
mechanism based on defects in solid materials, drawing from extensive
laboratory research in physical chemistry and solid-state physics. The




theory proposes that as tectonic stress accumulates, electron-hole pairs
are generated within the Earth's crust. While electrons remain confined
within the stressed rocks, positively charged holes migrate into
surrounding, less stressed regions, generating electrical currents that can
travel across vast distances. These currents, in turn, can trigger a range of
secondary effects, including the emission of low- to ultra-low-frequency
electromagnetic radiation, spectroscopically distinct thermal infrared
signals from the Earth's surface, and detectable changes in the
atmosphere and ionosphere.
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learning objectives

This course explores seismo-electromagnetics, focusing on the
electromagnetic phenomena that occur during the preparation and
occurrence of earthquakes. It introduces the solid-state theory proposed
by Friedemann Freund, along with other potential mechanisms for
generating electromagnetic precursors. Additionally, the course reviews
key research articles on the subject. It examines findings from scientists
worldwide who have used both ground-based and satellite observations
to link these non-seismic signals to major earthquakes.

Students will also gain insight into global efforts to monitor the Earth for
these precursors, which are often weak and sporadic, yet crucial for
advancing short-term earthquake forecasting.

1. Ouzounoy, D., Pulinets, S., Hattori, K., & Taylor, P. (Eds.). (2018). Pre-
Earthquake Processes: A Multidisciplinary Approach to Earthquake

FRNERSEE Prediction Studies. Hoboken, New Jersey, U.S.A.: John Wiley & Sons.
textbooks and 2. Freund, F., Mignan, A, Quillon, G., & Sornette, D. (Eds.). (2021). The
references Global Earthquake Forecasting System: Towards Using Non-seismic
Precursors for the Prediction of Large Earthquakes. Berlin/Heidelberg,
Germany: Springer.
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20 B Research interests: Seismo-electromagnetics, statistical seismology, geophysical
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weekly scheduled contents

Week 1 Introducing this course

Week 2 Historical Development of Pre-Earthquake Phenomena Studies

Week 3 Latest Physical Models and Concepts of Pre-Earthquake Processes

Week 4 Pre-Earthquake Seismic Phenomena

Week 5 Ground Geochemical and Electromagnetic Observations of Major Seismicity

Week 6 Atmospheric/Thermal Signals Associated with Major Earthquakes

Week 7 Ionospheric Processes Associated with Major Earthquakes

Week 8 Students’ Progress Report

Week 9 Interdisciplinary Approach to Earthquake Forecasts/Predictions

Week 10 The Global Earthquake Forecasting System: Towards Using Non-seismic Precursors for the Prediction
of Large Earthquakes

Week 11 The Global Earthquake Forecasting System: Towards Using Non-seismic Precursors for the Prediction
of Large Earthquakes

Week 12 The Global Earthquake Forecasting System: Towards Using Non-seismic Precursors for the Prediction
of Large Earthquakes

Week 13 The Global Earthquake Forecasting System: Towards Using Non-seismic Precursors for the Prediction
of Large Earthquakes

Week 14 The Global Earthquake Forecasting System: Towards Using Non-seismic Precursors for the Prediction
of Large Earthquakes

Week 15 The Global Earthquake Forecasting System: Towards Using Non-seismic Precursors for the Prediction
of Large Earthquakes

Week 16 Students’ Final Report

Week 17 Flexible Class

Week 18 Flexible Class
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