The Theoretical and Practical Foundations of
Strong Earthquake Predictability

Oleg Elshin!, Andrew A. Tronin?

'President at Terra Seismic, Alicante, Spain/Baar, Switzerland

*Chief Scientist at Terra Seismic, Director at Saint-Petersburg Scientific-Research Centre for Ecological Safety of the Russian

Academy of Sciences, St Petersburg, Russia

Email: oleg.elshin@terraseismic.com

How to cite this paper: Elshin, O. and
Tronin, A.A. (2021) The Theoretical and
Practical Foundations of Strong Earthquake
Predictability. Open Journal of Earthquake
Research, 10, 17-29.
https://doi.org/10.4236/0jer.2021.102002

Received: March 24, 2021
Accepted: April 13,2021
Published: April 16, 2021

Copyright © 2021 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

Earthquakes and the tsunamis they produce are the world’s most devastating
natural disasters, affecting more than 100 countries. Not surprisingly, the
problem of earthquake prediction has occupied scientists’ minds for more
than two thousand years. This paper provides theoretical and practical argu-
ments regarding the possibility of predicting strong and major earthquakes
worldwide. Many strong and major earthquakes can be predicted at least two
to five months in advance, based on identifying stressed areas that begin to
behave abnormally before strong events, with the size of these areas corres-
ponding to Dobrovolsky’s formula. We make predictions by combining know-
ledge from many different disciplines: physics, geophysics, seismology, geol-
ogy, and earth science, among others. An integrated approach is used to iden-
tify anomalies and make predictions, including satellite remote sensing tech-
niques and data from ground-based instruments. Terabytes of information
are currently processed every day with many different multi-parametric pre-
diction systems applied thereto. Alerts are issued if anomalies are confirmed
by a few different systems. It has been found that geophysical patterns of
earthquake preparation and stress accumulation are similar for all key seismic
regions. The same earthquake prediction methodologies and systems have
been successfully applied in global practice since 2013, with the technology
successfully used to retrospectively test against more than 700 strong and
major earthquakes since 1970. In other words, the earthquake prediction
problem has largely been solved. Throughout 2017-2021, results were pre-
sented to more than 160 professors from 63 countries.
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1. Introduction: Three Views on Earthquake Prediction

Humans have tried to predict earthquakes since the days of ancient Greece.
Pherecydes of Syros made the first known forecast about 2500 years ago, pre-
dicting a strong earthquake after he discovered that the usually crystal-clear wa-
ter from local wells had become dirty and undrinkable. Nowadays, thousands of
scientists and dozens of scientific groups are working on this problem. Modern
seismology and public opinion hold the view that earthquake prediction is cur-
rently impossible. Terra Seismic, which has been successfully making global
earthquake predictions for many years, disagrees with this opinion [1]-[6]. With
regard to this matter, we can divide the scientists involved into three groups:

The first—a large, rapidly growing number of people—believe that earthquake
prediction is indeed possible, and are developing various earthquake forecasting
methods. One of the best known is a family of M8 algorithms from Kei-
lis-BoroKk’s school that uses various kinds of seismic anomalies or deviations
from “normal” seismic behavior [7] [8] [9]. Among other traditional approaches
are electromagnetic methods [10] [11] [12], hydrological methods based on
changes in the composition and levels of water [13] [14] [15], changes in the lev-
el of radon [16] [17], the observation of unusual clouds [18] [19], changes in
meteorological data and animal behavior [20] etcetera. Over the past decade we
have seen a dramatic growth in the new, primarily satellite remote sensing me-
thods that study earthquakes [21] [22]. Among these methods are OLR, mea-
surements of the earth’s surface temperature, changes in the ionosphere [23],
GPS [24] [25] [26] and other approaches [27] [28].

The second group think that whilst earthquake prediction might seem im-
possible today, it may become possible in the future once new knowledge has
been accumulated or new phenomena discovered.

Finally, there is a third group of principal opponents who claim that earth-
quake prediction is inherently impossible [28] [29].

Based on our many years’ experience in global earthquake prediction, in this
paper we will offer a theoretical and practical explanation as to how real global
earthquake prediction has been successfully undertaken by Terra Seismic on a

global scale.

2. Discussion—Can Earthquakes Be Predicted?

The principal opponents put forward four key arguments (in italics below). They
say:

1) There are no reliable precursors, or those that there are prove to be too un-
reliable.

We agree that precursors that are 100% reliable are rare. However, we have
found effective solutions regarding how to deal with many unreliable precursors.
Applying global Big Data methodologies and analyzing more than 700 strong
and major earthquakes from the past, we identified dozens of new types of pre-

cursors or anomalies that appeared before strong events. Although each anomaly
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may occur in only 40 - 50 percent of total cases, if the area of future earthquakes
is confirmed by 8 - 10 anomalies, the probability that they may simultaneously
appear by chance for the same area is actually very small. Thus, by applying nu-
merous new anomalies, we can make reliable predictions.

2) The system is chaotic and therefore completely unpredictable. Stress can be
randomly transferred across many fault lines and an earthquake can occur at any
fault.

We cannot agree with this either. For strong and major earthquakes, an enorm-
ous amount of stress has to be accumulated in the area of the future event. This
massive stress cannot arise at one point from nowhere and a lengthy period of
time is required for such an accumulation. The transfer of a huge amount of
stress from one area to another is impossible since it cannot be explained through
the fundamental laws of physics. In fact, we can “see” a linear stress accumula-
tion in the area of a future earthquake. Our practical observations, therefore,
contradict this theory of a chaotic system.

3) The system is characterized by its self-organized criticality—a property of
dynamical systems that have bifurcation points. The behavior in the vicinity of
the point is characterized by the fact that with a small perturbation, the system
can pass the bifurcation point, thereby completely changing its behavior model.
The classic examples of self-organized criticality are the phase transition or sand-
pile model.

There are a large number of different models and the applicability of each
model to any particular system has to be reasonably justified. In particular, the
sandpile model does not take into account the significant frictions that act be-
tween plates below the earth’s surface etcetera. Furthermore, we cannot in fact
be certain about the processes and state of matter located at depths of more than
15 - 20 km, where the stresses that cause most earthquakes are formed. Thus, we
believe that this model is not applicable to earthquake preparation processes and
that their conclusions are therefore incorrect.

4) Nobody can predict earthquakes at present.

We have been successfully predicting earthquakes worldwide since 2012 and
our systems have been in practical use since 2013. Our technology has been used
to retrospectively test data collected since 1970, with our systems successfully
detecting about 90% of all significant earthquakes over the past 50 years. In oth-
er words, the earthquake prediction problem has largely been solved—see Fig-
ures 2-11. Throughout 2017-2021, results were presented to more than 160 pro-

fessors from 63 countries.

3. Our Simple Model That Proves That Earthquakes Can Be
Predicted

We propose a simplified model describing earthquake preparation—see Figure
1. We have two seismic systems with two plates. System A has two small adhe-

sion zones between them that will subsequently lead to two small earthquakes.
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Figure 1. Model showing the generation of small and large earthquakes. A shows a sys-
tem with a two small adhesion zones while B shows a system with a large adhesion zone.

In system B, there is one large adhesion zone that will cause a massive earth-
quake, with plates moving relatively to each other. We see two main forces in the
process: forces driving the plates and the opposing forces of friction or adhesion
between them. Obviously, the larger the adhesion zones between plates, the big-
ger the forces of friction between them. Based on classroom physics, we argue
that due to the presence of a much larger adhesion zone in system B, this system
will behave differently to system A. System B is “locked” and therefore will be-
have abnormally. The earth’s surface above system B will be stressed, producing
a numerous unusual phenomena or anomalies that can be detected before the
event will strike.

Anyone who agrees that system B will behave differently than system A
should thus accept that strong and major earthquakes can be predicted. Global
earthquake prediction is about identifying areas around the world where B sys-
tems are currently forming. These areas of forthcoming strong and major
earthquakes can be revealed by collecting, processing and analyzing huge
amount of data, identifying anomalies and comparing current and historical da-
ta. We would expect that the amount of stress will gradually increase and the size
of the observed stress area will increase as well as the event approaches. Each
stressed area will also have its own “resistance limit” which, when reached, will
see the strong event occur.

Based on this model and its implications, global earthquake prediction is
possible and has been successfully implemented for many years. We have seen
countless examples of the successful validation of this model in practice.

4. Practical Cases

We will illustrate our findings by following practical cases. See Figures 2-11.

5. Global Earthquake Prediction Systems—A Review of the
Technology

Many strong and major earthquakes with magnitude M6.2 or greater can be
predicted at least two to five months before they occur. Earthquake predictions

are currently being provided for twenty-four key earthquake-prone regions:
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Figure 2. Historic testing of Terra Seismic systems for past famous seismic events. Stressed
area in Japan before the 2011 Tohoku megaquake, shown in dark blue. Unstressed areas
shown in other colors (red, green etc.).
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Figure 3. Historic testing of Terra Seismic systems for past famous seismic events. Stressed
area in the Kuril Islands before the 2006-2007 two M8 earthquakes, shown in dark blue.
Unstressed areas shown in other colors (red, green etc.).
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Figure 4. The case for a successfully predicted major earthquake. Stressed area in Cali-
fornia before the 2019 Ridgecrest earthquake sequence, shown in dark blue.

Terra Seismic : Predicted earthquake in California A Vi
aah
Time, : : 5 Waiting period,
Date uTC Region, Country Latitude Longitude M days
Alert 30.04.2019 | 10:19 Southern California 34.5N+2.0 | 118.5W+2.0 | 6.7+ 1-306 days
D 04.07.2019 | 17:33 Southern California 35.7IN 117.51W 6.4 65 days
earthquake
Second .
06.07.2019 | 3:19 Southern California 35.79N 117.58W 71 66 days
earthquake

Figure 5. The case for a successfully predicted major earthquake. It shows a successful
alert that was issued for the 2019 Ridgecrest earthquake sequence. The green circle indi-
cates the prognostic signal.

Terra Seismic : Predicted earthquake in Central Greece B /\M
"
Time, . . - Waiting pefidd,
Date uTC Region, Country Latitude Longitude M days
Alert  [27.01.2021] 21:58 | Central 5’;::" Aegean | 35 oN:2.0 | 23.1E£2.0 | 6567+ | 1-365days
3.03.2021] 10:16 Central Greece 39.75N 22.20E 6.3. 35days
03.03.2021] 11:35 Central Greece 39.7IN 22.22E 5.0. 35 days
Earthquake (03.03.2021] 11:45 Central Greece 39.69N 22.21E 5.1. 35 days
Earthquake (03.03.2021) 18:24 Central Greece 39.72N 22.08E 5.1. 35 days

Figure 6. The case for a successfully predicted strong earthquake in Central Greece. The
green circle indicates the prognostic signal and green dot shows the location of epicenter.
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Terra Seismic : Predicted earthquake in Nevada A
_...m!A #A
Date ITime, UTC| Region, Country Latitude Longitude M w‘m:::s VO *
Alert 18.08.2019 | 11:00 |Nevada/Central California |38.4N$2.0 | 118.9W+2 | 6.2+ 1-407 days
Earthquake | 15.05.2020 | 11:03 Nevada 38.2N 117.9W 6.5 271 days

Figure 7. Successfully predicted strong earthquake in Nevada. The green circle indicates

the prognostic area and green dot shows the location of epicenter.

Terra Seismic : Predicted earthquake in Kuril islands i AA
AL A
Date Time, Region, Country Latitude Longitude M Waiting ptvdﬂf
utC days
Alert 30.04.2019| 15:25 | Hokkaido R;f;:’;'s""a"/ Kuril | 43 ons25 | 14626025 | 7 1-428 days
13.02.2020| 10:33 Kurilislands 45.7N 148.7E 7 288 days
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Figure 8. The case for a successfully predicted major earthquake in Kuril Islands. The

yellow circle indicates the prognostic signal and yellow dot shows the location of epicen-

ter.

Terra Seismic : Predicted earthquake in Philippines

WYTATYY
Time, . 3 Waiting pé{fod,
Date uTC Region, Country Latitude Longitude M days
Alert [28.06.2020| 18:55 | MashateRegion/luzon, |, oy 5| 1230ki25 | 6.8s 1-365days
Philippines
13 km of San Pedro,
h 18.08.2020
Ear 0:03 Philippines 12N 124.1€ | 6.6 50days
ra
L
Magnitude
E
5
[
7
B8
| S
O

Figure 9. Successfully predicted strong earthquake in Philippines. The green circle indi-

cates the prognostic area and green dot shows the location of epicenter.
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Terra Seismic : Predicted earthquake in Southern Sumatra, Indonesia g
Time, " . . Waiting l,
Date uTC Region, Country Latitude Longitude M da
Alert (16.05.2020( 16:17 | SouthernSumatra, Indonesia | 5.45:3.0 103E£3.0 | 7.2+ 1-365 days
Earthquake|18.08.2020( 22:23 | SouthernSumatra, Indonesia 4.3s 101.2E 6.8 94 days
18.08.2020( 22:29 12N 101.4E 6.9 94 days

Figure 10. The case for a successfully predicted two strong earthquakes in Southern Su-
matra, Indonesia. The yellow circle indicates the prognostic signal and yellow dot shows
the location of epicenter.

Terra Seismic : Predicted earthquake in Ryukyu islands, Japan

WYILIYY
Time, " : g Waiting péfjot,
Date uTe Region, Country Latitude | Longitude M days
Alert (12.00.2019| 21:08 Ryukyu slands, 27.5N:2.5| 1206225 | 6.7+ 1-365 days
Japan
13.06.2020| 15:51 Ryuky lands; 289N 1283t | 66 274 days
Japan
ra
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Figure 11. Successfully predicted strong earthquake in Ryukyu islands (Japan). The green
circle indicates the prognostic area and green dot shows the location of epicenter.

Alaska, the Balkans, California, Canada, the Caribbean, Central America, Chile,
China, Greece, India and Pakistan, Indonesia, Iran, Italy, the Izu Islands, Japan,
Kamchatka and the Kuril Islands, Mexico, Central Asia, New Zealand, Okinawa,
Papua New Guinea, Peru, Philippines, and Turkey.

The epicenter of a future strong or major earthquake can be determined with
a high degree of confidence, currently as a circle with a radius of 150 - 250 km.
Since the technology is permanently improving, it will be possible to locate epi-
centers more accurately. Generally, we do not promise to forecast a seismic
event if the epicenter of the earthquake is located deeper than 30 km, although
exceptions are possible. Fortunately, in many cases such deep earthquakes do
not produce any significant damage since the energy of the earthquake dissipates
before reaching the Earth’s surface.

We develop long-term (from 2 to 5 years), mid-term (from 2 months to 2 years),

and short-term (from 10 to 60 days) global prediction systems. The mid-term sys-
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tems are the most reliable and can predict most strong and major earthquakes at
least 1 - 2 years in advance. The closer event to us—the most accurate assess-
ment of magnitude and location we can make. A range of expected magnitudes
for alerted events can be defined, for example, such as M6.5 - 6.8+. We are im-
proving our systems on daily basis. After each new strong or major event occurs,

we analyze it and include all new data to further fine tune our systems.

6. Methods: A Global Approach Based on the Collection of
Worldwide Geophysical Data Online Combined with
Historical Analysis

Our global earthquake prediction methodology is based on generally accepted
assumptions—the discovering and revealing of the real geophysical processes
that always occur prior to strong and major earthquakes. Earthquakes strike un-
expectedly for humans, but they are not sudden for nature. In nature, earth-
quakes are the result of releasing accumulated stress, which is formed through
the gradual geophysical processes that develop below earth’s surface over long
periods of time. To produce a strong or major earthquake, enormous stress
needs to be accumulated. For example, a magnitude eight earthquake releases
the same amount of energy as the joint explosion of about one thousand atomic
bombs of the size dropped on Hiroshima. We argue that such enormous stress
accumulation can be successfully detected well in advance. The area of the
forthcoming earthquake will be stressed and will behave differently to unstressed
areas.

In practice, a global earthquake prediction is very similar to a doctor’s diagno-
sis of a patient with a medical problem, kidney disease for example, by collecting
multiple analyses and without surgery. In our case, the whole world serves as the
examined “patient”. Just as disease is a deviation from normalcy in the human
body because something is wrong, abnormalities in geophysical parameters in-
dicate that something is wrong in this particular part of the world. Before a
strong or major earthquake, we notice anomalies in the data we are collecting
which signal that a strong event is approaching. Also, strong and major earth-
quakes are very rare events; they may occur in a specific area every forty or fifty
years or more. Before such historically rare events we observe unique combina-
tions of certain parameters in stressed regions. Stronger earthquakes take longer
to prepare, and so they can be detected earlier. For example, the preparation for
a M8 event in Japan can be detected at least three to five years before the event.
Usually, for events with greater magnitudes, larger stressed preparation areas are
observed, a phenomenon that approximately corresponds to the estimates from
the Dobrovolsky formula [30]. Also, as expected, we found that when preparing
for events of greater magnitude, the size of the stress area gradually increases
over an observed build-up period.

On a daily basis we develop and use the innovative Big Data satellite technol-
ogy capable of processing and analyzing terabytes of information for all key

seismically prone regions in almost real time. By using a global approach and

DOI: 10.4236/0jer.2021.102002

25 Open Journal of Earthquake Research


https://doi.org/10.4236/ojer.2021.102002

0. Elshin, A. A. Tronin

historically accumulated and analyzed data, we have managed to significantly
increase the amount of reliable data for developing and testing completely new
theories, models and systems. For our systems, we have applied all available data
on earthquakes, their precursors and working forecasting methods from all

sources available over the past 2000 years.

7. Conclusions

Global earthquake prediction technology consists of identifying a seismically
hazardous block that behaves in an anomalous manner before an event. Such a
block can be expected to generate a strong earthquake with a magnitude greater
than 6. The selection of such anomalous blocks is carried out by various me-
thods and processing data available for a particular region using remote sensing
methods, GPS methods, electromagnetic, meteorological and seismological me-
thods which can all be applied in the process. The essence of the technology is to
integrate signals from different methodologies, eliminate noise and identify such
anomalous blocks worldwide. We make predictions by combining knowledge
from many different disciplines: physics, geophysics, seismology, geology, and
earth science, among others.

Every year, our planet records numerous seismic events: in an average year,
there are about 100 - 120 M6 quakes, 10 - 15 M7 quakes and 1 - 2 M8 quakes.
However, about 85 percent of these strong or major events occur in remote or
sparsely populated areas and will actually produce no significant damage. Each
earthquake prediction requires months of hard work. At Terra Seismic we,
therefore, do not seek to predict all strong and major earthquakes on the planet
simply because it makes no sense. From a practical point of view, humanity
needs just about 15 - 20 of potentially dangerous earthquakes to be predicted
every year. Our criteria for such potentially impact earthquakes: they are M6.2 -
6.5+ earthquakes (for low seismic areas) and 6.5 - 7.0+ earthquakes (for highly
seismic areas), close to populated areas and with an epicenter depth of less than
30 km. Last year, 12 potentially dangerous earthquakes were predicted in differ-
ent regions around the world. Our top priority is to help governments to save
human lives and thus we call on all governments and agencies responsible for
disaster preparedness management to unite efforts. We are also open to collabo-

rate with all scientists working in this field.
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