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Abstract: On July 29, 2025, an earthquake with a moment magnitude of MW = 8.8 occurred in the
Kuril–Kamchatka Trench to the east of Petropavlovsk-Kamchatsky. This earthquake ranks among the
ten strongest instrumentally recorded seismic events in the world. For the first time, a megathrust
earthquake of such magnitude (greater than 8.5) caused no human casualties or mass destruction.
This was largely due to the advanced implementation of preventive measures on the territory of
Kamchatka Krai. These measures included the targeted strengthening of the seismic resistance of
buildings and structures, as well as the enhancement of alert and population evacuation algorithms.
The scientific basis for planning these seismic safety measures was provided by the long-term
earthquake prediction carried out Dr. Sergey A. Fedotov, full member of the Russian Academy of
Sciences. This paper is devoted to a contemporary reassessment of the results of long-term earthquake
prediction for the Kuril–Kamchatka island arc by S. A. Fedotov in the context of the 2025 Kamchatka
megathrust earthquake. The paper details the development and evolution of the method, which is
grounded in the concepts of seismic gaps and the seismic cycle. The cycles of seismic activity and
seismic energy release in the source area of the strongest earthquake, as constructed by S. A. Fedotov,
together with the foreshock–aftershock scenario, are presented. The paper describes the long-term
earthquake predictions for five-year periods and provides an overall assessment of their reliability.
It is shown that, since 1965, the sources of all earthquakes with M ≥ 7.75 have occurred within the
seismic gaps that S. A. Fedotov had identified as the most probable areas of the future strongest
earthquakes. The source of the 2025 megathrust earthquake originated in a region that, as early as the
beginning of the 1980s, had been identified as one of the segments of the Kuril–Kamchatka Arc where
the next strongest earthquakes were expected. According to a refined prediction made in 2019, the
probability of a megathrust earthquake occurring in that area within the following five-year period
was estimated at 50.4%. Thus, the long-term earthquake prediction method by S. A. Fedotov has
been successfully verified by a planetary-scale event. The 2025 Kamchatka megathrust earthquake
has convincingly confirmed its fundamental tenets, indicating the high predictive efficiency of the
method.
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1. Introduction

The Pacific Ring of Fire is the vastest and the most tectonically active region in the
world [Bilek and Lay, 2018]. With a total length of over 40,000 km, it arcs around the
Pacific Ocean. The Ring extends from the western coasts of South and North America to
the Aleutian Islands, and then southward along the Kuril–Kamchatka Island Arc, Japan,

Russ. J. Earth. Sci. 2026, 26, ES2001, EDN: JCTKJG, https://doi.org/10.2205/2026es001111 https://rjes.ru/

https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://rjes.ru
https://rjes.ru/
https://orcid.org/0000-0002-4874-7475
https://orcid.org/0009-0001-1538-3142
https://orcid.org/0000-0001-8110-2348
https://orcid.org/0000-0003-3427-0634
https://orcid.org/0000-0003-1837-1312
https://elibrary.ru/JCTKJG
https://doi.org/10.2205/2026es001111
https://elibrary.ru/JCTKJG
https://doi.org/10.2205/2026es001111
https://rjes.ru/


Long-Term Earthquake Prediction by S. A. Fedotov for the Kuril–Kamchatka Arc. . . Gvishiani et al.

and the Philippines, reaching Indonesia and New Zealand. There is a high population
density in many coastal areas of the Pacific Ring of Fire. This makes the assessment of
hazards from endogenous and exogenous processes a matter of national security for many
countries. Significant results in assessing the seismic hazard of the Pacific Ring as a single
entity were achieved as early as the late 1970s using pattern recognition methods [Gvishiani
et al., 1978, 1980].

Plate tectonics forms the foundation for understanding the factors that shape the
seismicity of the Pacific Ring. A crucial factor is the movement of the Pacific Plate at a rate
of several centimeters per year, predominantly in a northwestern direction [DeMets et al.,
2010]. In the early 1960s, J. Tuzo Wilson proposed the concept of hotspots (mantle plumes)
to describe the movement of the Pacific Plate [Wilson, 1963]. Using the Hawaiian Islands as
an example, he hypothesized that this chain of volcanic islands and seamounts was formed
as the plate moved over a mantle plume. Thus, he explained the linear and age progression
of the Hawaiian-Emperor seamount chain and quantified the movement of lithospheric
plates [Yuan et al., 2007].

The Pacific Ring of Fire is a zone of interaction between the Pacific Plate and the
surrounding continental and oceanic plates. The Ring comprises several zones of tectonic
activity, the most prominent being subduction zones characterized by numerous volcanoes,
earthquakes, and subsequent tsunamis. An important characteristic of subduction zones
is the dip angle of the Wadati-Benioff seismic focal zone. Variations in this parameter are
observed around the perimeter of the Pacific Ring [Lallemand et al., 2005].

Off the western coast of South America, subduction beneath the continental litho-
sphere occurs at relatively shallow angles, typically 10◦–30◦. In contrast, the subduction
zones near the Aleutian Islands, the Kuril–Kamchatka Arc, Japan, Indonesia, and New
Zealand are characterized by dip angles reaching 45◦–60◦ and greater. This is due to the
greater age and, consequently, higher density of the oceanic lithosphere in the western Pa-
cific Ocean [Jarrard, 1986]. Steep subduction angles give rise to distinct types of volcanism
and focal mechanisms. The contact zone between the Pacific and North American plates
along the western margin of the North American continent is predominantly characterized
by a transform fault. This results in a lower level of seismicity and a more scattered distri-
bution of earthquake epicenters on the mainland, in contrast to the Wadati-Benioff seismic
focal zone.

1.1. Strongest Earthquakes of the Pacific Ring of Fire in the Second Half of the 20th and Early
21st Centuries

Within the Pacific Seismic Belt, earthquakes of all magnitudes, including the strongest
ones, occur tens of times more frequently than outside its boundaries [Fedotov, 2005].
Figure 1 shows the epicenters of earthquakes with MW ≥ 8.0 [Di Giacomo et al., 2018;
International Seismological Centre, 2026] in the Pacific region. In the context of the present
study, we will examine in greater detail the events with MW ≥ 8.5 that have occurred
since 1952, the year of the previous megathrust earthquake in Kamchatka. In Figure 1, the
epicenters of considered earthquakes with MW ≥ 8.5 are marked in green.

The Severo-Kurilsk earthquake with MW = 9.0 [Kanamori, 1977] is one of the strongest
seismic events within the Pacific Ring of Fire. It occurred on November 5, 1952, at a distance
of 100–150 km southeast of the southern tip of the Kamchatka Peninsula. The earthquake
did not cause severe damage on land. The only minor damage was reported from the
Kronotsky Peninsula in Kamchatka to the Northern Kuril Islands [Fedotov, 1962, 1965].
However, the earthquake caused a catastrophic tsunami that practically washed the town of
Severo-Kurilsk on Paramushir Island into the ocean [Nikonov, 2006]. According to [Johnson
and Satake, 1999], the length of the coseismic rupture in the subduction zone was 600 km.

The Andreanof Islands earthquake of March 9, 1957, with MW = 8.6 [Johnson et al.,
1994], occurred south of the Andreanof Islands (a subgroup of the Aleutian Islands) and
caused localized damage on Adak Island. This earthquake produced the longest aftershock
zone of any instrumentally recorded event, stretching 1,200 km [Johnson et al., 1994].
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Figure 1. Map of the earthquake epicenters with MW ≥ 8.0 from the ISC-GEM catalog for 1904–2021
[Di Giacomo et al., 2018; International Seismological Centre, 2026] in the Pacific Seismic Belt region.

The magnitude of this event was estimated at MW = 9.1 in [Kanamori, 1977]. However,
it was later shown in [House et al., 1981] that the seismic moment had been miscalculated
because the earthquake rupture did not encompass the eastern part of the aftershock zone.
The earthquake was followed by tsunami waves up to 15–16 meters high that struck the
coast of the Aleutian Islands, causing significant damage to Unimak, Adak, and Unalaska
[Johnson et al., 1994]. The tsunami was recorded by tide gauges across the Pacific Ocean,
with waves reaching San Diego Bay, the coasts of Chile, El Salvador, and Japan, and also
causing destruction in Hawaii.

On May 22, 1960, off the coast of Chile, the Great Chilean (Great Valdivia) earthquake
with MW = 9.5 occurred. It is considered the most powerful instrumentally recorded
seismic event in history [Kanamori, 1977]. The earthquake was followed by a series of
powerful aftershocks. The mainshock was followed by a massive tsunami, whose waves
caused destruction and casualties in Chile, as well as along the coasts of Japan, Hawaii,
the Philippines, and New Zealand. The length of the coseismic rupture generated by the
earthquake at the southern end of the Nazca Plate, which subducts beneath the South
American Plate along the Peru-Chile Trench, reached up to 1,000 km [Cifuentes, 1989].
Note that 33 hours prior to the Great Chilean earthquake, approximately 200 km away, an
earthquake with MW = 8.1 struck the Concepción region in Chile [Ojeda et al., 2020].

The Urup earthquake with MW = 8.5 [Kanamori, 1977] occurred on October 13, 1963,
off the coast of Urup Island (Southern Kurils). The earthquake and the subsequent tsunami,
which had moderate wave heights, did not cause significant damage to the islands of the
Southern Kurils. One day before the main event, a foreshock with Ms = 6.7 was recorded.
A major aftershock with Ms = 7.3 occurred on October 20 on the oceanic trench side relative
to the epicenter of the mainshock. According to [Beck and Ruff, 1987], the coseismic fault
of the earthquake, with a length of 245 km, was characterized by complex geometry and
several asperity zones. This was the cause for the release of such a high seismic moment.

The Great Alaska earthquake with MW = 9.2 [Kanamori, 1970, 1977] occurred on
March 27, 1964. Its epicenter was located in the Gulf of Alaska, 120 km east of Anchorage.
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The earthquake itself did not cause numerous casualties and widespread structural damage,
although soil liquefaction was observed in Anchorage. A submarine landslide triggered
by the earthquake led to the destruction of the port of Valdez. The earthquake initiated
a powerful tsunami that struck the coasts of Alaska, Canada, and the United States. Its
waves were observed along the coasts of Hawaii, Japan, and Chile. The length of the
coseismic rupture generated by the earthquake in the subduction zone of the Pacific Plate
beneath the North American Plate exceeded 600 km [Kanamori, 1970].

The Rat Islands are part of the Aleutian Island Arc. They are situated above the
subduction zone of the Pacific Plate beneath the North American Plate. An earthquake that
occurred here on February 4, 1965, with MW = 8.7 [Kanamori, 1977], produced a coseismic
rupture 600 km long along the western extremity of the Aleutian Islands. In [Beck and
Christensen, 1991], temporal and spatial heterogeneities of the rupture were identified.
They were localized at three asperities corresponding to the Rat Islands, Buldir, and Near
Islands tectonic blocks.

In 2004 (December 26) and 2005 (March 28), the two strongest earthquakes occurred
in the Indian Ocean in the subduction zone of the Indo-Australian Plate beneath the
southeastern part of the Eurasian Plate. The magnitude of the first, which occurred off
the northwest coast of Sumatra and ranks among the top three strongest earthquakes in
the history of seismic observations, was estimated at MW = 9.1–9.3 according to various
sources [Khan and Gudmundsson, 2005; Lay et al., 2005]. The epicenter of the second,
with MW = 8.6, was located 160 km southeast of the epicenter of the first [Konca et al.,
2007]. The length of the fault rupture generated by the 2004 earthquake reached 1,300 km,
stretching from northwestern Sumatra to the Andaman Islands. The total length of the
rupture from both earthquakes in the subduction zone of the Indo-Australian Plate beneath
the southeastern Eurasian Plate amounted to 1,600 km [Lay et al., 2005]. The 2004 event
triggered the deadliest tsunami in history. This catastrophe was exacerbated by the high
population density of Southeast Asian countries and the absence of a tsunami warning
system in the Indian Ocean.

On February 27, 2010, an earthquake with MW = 8.8 [Delouis et al., 2010; Moreno
et al., 2012; Vigny et al., 2011] struck the coast of central Chile, approximately 360 km
southwest of Santiago. This was the strongest event in the region since the Great Chilean
earthquake The rupture that occurred in the subduction zone of the Nazca Plate beneath
the South American Plate was 500 km long. The subsequent tsunami, with wave heights up
to 10 meters, caused severe damage to the Chilean coast and the Juan Fernández Islands.

On March 11, 2011, the Tohoku earthquake with MW = 9.0 [Simons et al., 2011]
struck the eastern coast of Japan. It was followed by one of the most productive aftershock
sequences in the history of instrumental observations [Vorobieva et al., 2022]. The length
of the fault rupture from the earthquake in the subduction zone, where the Pacific Plate
subducts beneath the Okhotsk Plate at a relatively gentle dip angle, was 400 km [Ozawa
et al., 2011]. At the same time, the amplitude of coseismic displacements along the fault
in the Japan Trench locally exceeded 50 m. In [Simons et al., 2011], this is explained by
the role of stress concentration zones or asperities, slow earthquakes, and non-volcanic
tremors in the transition regions of subduction zones. Such significant fault displacement
triggered a devastating tsunami that struck Japan and led to the Fukushima Daiichi nuclear
disaster. Over 400 km2 of Japan’s coastal territory was inundated, and the maximum
recorded run-up height in the city of Miyako (Iwate Prefecture) reached 40.5 m [Mori et al.,
2011]. The tsunami waves reached the coasts of North and South America, Hawaii, and
even Antarctica.

The list of the ten strongest megathrust earthquakes in the world [Di Giacomo et al.,
2018; Storchak et al., 2013, 2015] includes 8 of the 10 events above and clearly shows
that the Pacific Seismic Belt is the most seismically hazardous region on Earth. In the
second half of the 20th century, the works on pattern recognition of earthquake-prone
areas by I. M. Gelfand, V. I. Keilis-Borok, A. D. Gvishiani, Al. An. Soloviev, V. G. Kosobokov,
Sh. A. Guberman, E. Ya. Rantsman, L. Knopoff, F. Press, and others [Gelfand et al., 1976;
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Gvishiani and Soloviev, 1981; Gvishiani et al., 2020, 1978, 1980, 1984, 1982] made a major
contribution to the study of its seismic regime. In the 21st century, for specific regions
of the Pacific Ring of Fire, new insights into areas prone to the strongest earthquakes
were obtained by A. D. Gvishiani, B. A. Dzeboev, and S. M. Agayan using modern pattern
recognition methods [Dzeboev et al., 2018a, 2021, 2018b; Gvishiani et al., 2013a; Gvishiani
et al., 2013b, 2016]. The FCAZ (Formalized Clustering And Zoning) method, developed
by A. D. Gvishiani and B. A. Dzeboev, made it possible to assess seismic hazard based on
initial data without relying on morphostructural zoning.

1.2. Long-Term Earthquake Prediction for the Pacific Ring of Fire

The earliest research on long-term earthquake prediction for various segments of the
Pacific seismic ring was conducted by prominent seismologists S. A. Fedotov (USSR/Russia),
K. Mogi (Japan), L. R. Sykes (USA), J. A. Kelleher (USA), S. P. Nishenko (USA), W. R. McCann
(Puerto Rico/USA), and others [Fedotov, 1965; Kelleher, 1970, 1972; McCann et al., 1979;
Mogi, 1968, 1969]. These studies were based on the seismic gap theory that was proposed
almost simultaneously by S. A. Fedotov, K. Mogi, and L. R. Sykes. However, priority in
conducting this research belongs to S. A. Fedotov [Fedotov, 1965]. The aforementioned
researchers identified the main seismic gaps for several major plate boundaries in the
Pacific Ring regions. Subsequently, these gaps were “filled” by coseismic ruptures from the
strongest earthquakes [McCann et al., 1979]. It should also be noted that at different stages
of research, the seismic gap theory was subject to criticism [Kagan and Jackson, 1991; Rong
et al., 2003].

In [Nishenko, 1991], S. P. Nishenko divided the Pacific Ring of Fire into 96 segments,
for which predictions were made for 5-, 10-, and 20-year periods. For instance, for a 10-year
period, high seismic potential was assigned to 11 segments, while for a 20-year period, this
number increased to 30 segments.

An outstanding contribution to research on long-term earthquake prediction and
the assessment of time-dependent seismic hazard for segments of the Pacific Seismic Belt
belongs to full member of the Russian Academy of Sciences (1992) and corresponding
member of the USSR Academy of Sciences (1970) Sergey A. Fedotov [Fedotov, 2005]. He
obtained fundamental results on long-term earthquake prediction for the Kuril–Kamchatka
subduction zone of the Pacific Plate under the Okhotsk Plate [Schellart et al., 2003], as part
of the Pacific Ring [Fedotov, 1965, 1967, 1968].

Within the Kuril–Kamchatka Arc, east of Petropavlovsk-Kamchatsky, an earthquake
with MW = 8.8 occurred on July 29, 2025. It ranks among the ten strongest earthquakes
instrumentally recorded since 1900 [USGS, 2025]. The distance between its epicenter
and the epicenter of the 1952 Severo-Kurilsk earthquake is 30 km. The 2025 event was
preceded by 50 seismic events with M ≥ 5.0, including the earthquake with MW = 7.4 that
occurred on July 20, 2025. Within the first 24 hours after the mainshock, 24 aftershocks
with M ≥ 5.0 were recorded, including two with MW = 6.8 and MW = 6.2 [Chebrov et
al., 2026]. The strongest aftershocks occurred on September 13 and 18 with MW = 7.4
and MW = 7.8 respectively [Chebrov, 2025]. A detailed description of the Kamchatka
megathrust earthquake of July 29, 2025 is provided in [Chebrov, 2025; Chebrov et al., 2026;
Konovalov et al., 2026; Mikhailov et al., 2025a].

Unlike the aforementioned megathrust earthquakes that occurred earlier in the 20th
and 21st centuries, the Kamchatka earthquake of July 29, 2025 became the first megathrust
earthquake in history to cause no direct human casualties or structural damage. This
outcome was due in part to timely seismic retrofitting of buildings and infrastructure in
the Kuril–Kamchatka region, combined with other preventive measures. These actions
were initiated and directly planned with the active participation of Sergey A. Fedotov, who
served as the Director of the Institute of Volcanology and Seismology of the Far Eastern
Branch of the Russian Academy of Sciences from 1971 to 2004. These measures were based
on the results of his research on the seismic regime and seismic hazard assessment of the
Kuril–Kamchatka Arc.
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The present article is dedicated to a contemporary reassessment of results obtained
by S. A. Fedotov regarding the long-term earthquake prediction for the Kuril–Kamchatka
Arc in light of the Kamchatka megathrust earthquake of July 29, 2025, which occurred six
years after Fedotov passed away.

2. Long-Term Earthquake Prediction by S. A. Fedotov for the Kuril–Kamchatka Arc

2.1. Development of the Method

The beginning of research on long-term earthquake prediction for the Kuril–Kamchatka
Arc by S. A. Fedotov can be considered 1957 [Fedotov, 2008, 2013; Fedotov et al., 1969;
Gordeev et al., 2013]. At that time, the expeditionary team led by him, as part of detailed
seismological studies in the Kuril Islands and Kamchatka, expanded the seismic network
on the islands of Iturup, Kunashir, and Shikotan [Fedotov, 1987, 2005]. This made it
possible to record both the Iturup earthquake of November 6, 1958, with M = 8.2 [Fedotov,
1962; Fedotov et al., 1969], its foreshocks and aftershock swarm (1958–1964) [Fedotov,
1969], and the Urup earthquake with M = 8.1, which occurred on October 13, 1963, near
the source of the Iturup event. The study of the relationship between the sources of the
strongest earthquakes and the processes occurring within them led Dr. S. A. Fedotov to
the fundamental concepts of his long-term earthquake prediction method [Fedotov, 2005,
2008].

The main stages of the development, evolution, and application of the method devel-
oped by S. A. Fedotov for the Kuril–Kamchatka Island Arc are described in [Fedotov, 1965,
1967, 1968, 1969, 2005; Fedotov et al., 1970, 1972, 1977]. The seismic region he studied (the
Kuril–Kamchatka Trench) extends for 2,000 km and is 150–200 km wide, stretching from
Hokkaido Island (Japan) along the Kuril Islands and the Pacific coast of the Kamchatka
Peninsula, ending at the intersection with the Aleutian subduction zone [Fedotov, 2005].

In 1965, S. A. Fedotov studied the distribution pattern of strong earthquakes in Kam-
chatka, the Kuril Islands, and northeastern Japan, which continues the Kuril–Kamchatka
seismic zone [Fedotov, 1965]. He considered 43 events with magnitudes M ≥ 7.75 [Fedotov,
1972] and depth h < 100 km that occurred between 1896 and 1964. It was revealed that
within the Kuril–Kamchatka zone, earthquakes that occurred between 1904 and 1963
were grouped into two time periods (1915–1924 and 1952–1963), separated by a 28-year
period of quiescence. It was shown that the observed combinations of periods of seismic
activity and quiescence are least likely under the assumption of a random distribution of
earthquakes in time. This argued in favor of the non-randomness and interconnectedness
of events, as well as the possibility of their long-term prediction.

Analysis of the graph of seismic energy release and the spatial distribution of source
areas of earthquakes in the region allowed S. A. Fedotov to find the relationship between
events and establish that earthquake sources tend not to overlap each other (Figure 2). This
made it possible in 1965 to construct a long-term prediction for areas of future strong
earthquakes as zones between the sources of earthquakes with M ≥ 7.75 (Figure 2) that
occurred between 1904 and 1963 [Fedotov, 1965]. Such probable areas of the next strongest
earthquakes were called seismic gaps [Fedotov, 2005].

In 1968, S. A. Fedotov introduced the fundamental concept of the seismic cycle
as the course of the seismic regime at a given area in the time interval between two
maximum magnitude earthquakes occurring at approximately the same location [Fedotov,
1968]. Based on the analysis of time intervals between catastrophic earthquakes and the
assumption of preserving the rates of area coverage of the region by earthquake sources, he
derived an estimate for the average duration of the seismic cycle in the Pacific focal zone
off the coasts of Kamchatka, the Kuril Islands, and Japan – 140 ± 60 years [Fedotov, 2005].
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Figure 2. Source areas of Kuril–Kamchatka earthquakes of 1904–1963 with M ≥ 7.75 and probable areas of future earthquakes with M ≥ 7.75 (from
[Fedotov, 1965, 2005]): 1 – instrumental epicenters of earthquakes with M ≥ 7.75; 2 – boundaries of source areas of earthquakes with M ≥ 7.75; 3 – uncertain
parts of boundaries or possible variants of source area boundaries; 4 – possible source areas; 5 – presumed source areas of the strongest earthquakes of the
19th century; 6 – aftershocks of the earthquake of May 1, 1915; 7 – aftershocks of the earthquake of January 30, 1917; 8 – aftershocks of the earthquake of
September 7, 1918; 9 – aftershocks of the earthquake of February 3, 1923; 10 – strong foreshocks of the 1923 and 1963 earthquakes; 11 – boundaries of
tsunamigenic areas; 12 – most probable areas of the next earthquakes with M ≥ 7.75; 13 – less probable locations of the next earthquakes with M ≥ 7.75;
14 – distance reference line along the Pacific focal zone outcrop to the ocean floor; 15 – axes of deep-sea trenches; 16 – axis of the Kuril–Kamchatka volcanic
belt.
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2.2. Cycles of Seismic Activity A10(t) and Seismic Energy Release D(t)

In 1968, in [Fedotov, 1968], based on the combined data of ten source areas, S. A. Fe-
dotov considered a typical cycle of change in seismic activity A10(t) (the number of 10th
energy class earthquakes [Fedotov, 1972] per year per 1,000 km2 area) in one area during
the time period between two catastrophic earthquakes in the Kuril–Kamchatka region and
Japan.

Analysis of the graph A10(t) (Figure 3) reveals three intervals in the seismic cycle: the
aftershock period (Stage I), the period of long-term regime stabilization (Stage II), and the
foreshock period (Stage III). The author noted that the average duration of aftershocks
for catastrophic earthquakes is 15 years. During this time the values A10(t) decrease from
several thousand (right after the event) to 1.0–2.0. The duration of the stabilization period
is approximately 110 years (for a 140-year cycle) with A10(t) ≈ 1.0. On average, 15 years
before the next catastrophic earthquake, the values A10(t) begin to increase, reaching 3.5
before the event (Figure 3) [Fedotov, 1968, 2005].

Figure 3. Cycle of seismic activity A10(t) in the Pacific focal zone off the coasts of Kamchatka, the
Kuril Islands, and northeastern Japan (from [Fedotov, 1968, 2005]): 1 – average annual A10 values
obtained from detailed seismological studies; 2 – calculated A10 values [Fedotov, 1968]; 3 – mean
geometric A10 values in time intervals of the cycle lasting 5 years or more; 4 – averaged graph
of A10(t) change during the cycle; 5 – boundaries of σ (lgA10) = ±0.3. The numbers on the graph
correspond to earthquake numbers considered in [Fedotov, 1968].

By calculating the average annual values of the released seismic energy, it was con-
cluded that seismic activity and earthquake recurrence under the upper part of the con-
tinental slope of the deep-sea trench in the Kuril–Kamchatka region are twice as high as
under the lower part of the slope [Fedotov, 1968].
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In [Fedotov, 1968], the concept of a measure of seismic energy release over time t at
a given location was introduced as D(t) = E2(t)/E1, where E2(t) J/103km2· year is the specific
seismic energy of earthquakes that occurred in the region over time t; E1 is the seismic
energy released in the region on average per year per area 103km2 and approximately
corresponds to an earthquake with M = 6.25.

In contrast to A10(t), which characterizes the activity of weak earthquakes during
the seismic cycle, D(t) shows the distribution features of strong earthquakes in this cycle.
Analysis of the D(t) graph constructed on data from nine source areas of catastrophic earth-
quakes at different stages of the cycle (Figure 4) showed the following. In the first year after
the event D(t) ≥ 100, i.e., energy accumulated over 100 or more years is released. From the
second year, a decrease occurs from D ≈ 1.0, reaching D ≈ 0.1 after 10–15 years by the end
of the aftershock sequence. Then, during the 100-year (with a 140-year cycle) stabilization
period of A10, the value of D gradually decreases to 0.01. This means that the energy
and number of strong earthquakes slowly decrease and reach a minimum approximately
100 years after the catastrophic earthquake. The number of strong earthquakes and the
energy released begin to increase about 30 years before the next catastrophic earthquake.
Moreover, in the last 5 years before it D ≈ 0.1, as at the end of the aftershock stage (Figure 4)
[Fedotov, 1968, 2005].

From knowledge of A10(t) and D(t) at different stages of the seismic cycle for average
source areas (15,000 km2) and 5-year time intervals, the magnitudes of expected earth-
quakes M(A10) and the most probable magnitudes of the strongest earthquakes M(D) were
calculated [Fedotov, 1968]. Their analysis showed that the beginning of the aftershock stage
(2–10 years of the cycle) and the end of the foreshock stage (last 5–10 years of the cycle)
are characterized by strong events with M ≥ 6.75–7.0. During the stabilization stage, the
most probable magnitudes of the strongest earthquakes occurring once every five years
gradually decrease from 6.75 ± 0.5 to 6.25 ± 0.5 [Fedotov, 1968, 2005].

Based on the analysis of activity A10 determined during the stabilization stage, S. A. Fe-
dotov introduced rules for establishing boundaries between areas with different long-term
seismicity levels. The author also estimated the differences in seismicity levels in these
areas [Fedotov, 1968, 2005].

Analysis of M(D) showed that during years 2 to 6 of the cycle, stresses capable of
causing events with a magnitude of up to 7.25 persist.

Combined with estimates of the average annual accumulation of seismic energy, this
enabled tentative predictions of future accumulation rates (E(t) J

5·103km2 ≈ [280 + 0.3 ·
t2 years] · 1014, where t is the cycle duration in years) and, accordingly, the maximum
possible earthquake magnitudes [Fedotov, 1968, 2005].

In 1980, in [Fedotov et al., 1980], based on seismicity data in the sources of earthquakes
with M ≥ 7.75 from 1952–1978, the A10(t) cycle was verified and refined (Figure 5). It
turned out to be close to the previously constructed one (Figure 3) [Fedotov, 1968, 2005]. As
can be seen from comparing the figures, the stable regime stage (II) lasting 100–110 years
is still clearly identified, and the foreshock stage (III) lasting 15–20 years is less reliably
distinguished. Among the differences, it should be noted that the value of seismic activity
at stage II is A10 = 1.25 (previous value was A10 = 1.0 [Fedotov, 1968, 2005]). The standard
deviation of A10 from the average graph decreased from σ (lgA10) = ±0.3 [Fedotov, 1968,
2005] (corresponds to a change in activity by a factor of two in both directions from the
average value) to σ (lgA10) = ±0.18 [Fedotov, 2005; Fedotov et al., 1980] (corresponds to
a change in activity by a factor of 1.5). This change in variance is explained by greater
homogeneity and completeness of the new data [Fedotov et al., 1980]. At the end of the
cycle, at stage III, a significant increase in seismic activity occurs (Figure 5) [Fedotov, 2005;
Fedotov et al., 1980].

The D(t) cycle was verified and refined (Figure 6) based on seismicity data in earth-
quake sources for 1904–1978 [Fedotov et al., 1980]. As in the case of A10(t), three stages of
the seismic cycle are identified. Among the differences from the D(t) graph constructed
in [Fedotov, 1968, 2005] (Figure 4) are the disappearance of the minimum at the end of
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Figure 4. Cycle of seismic energy release D(t) in the Pacific focal zone off the coasts of Kamchatka,
the Kuril Islands, and northeastern Japan (from [Fedotov, 1968, 2005]): 1 – average over 5 years or
more values of D in the source areas of Kuril–Kamchatka and Japanese earthquakes with M ≥ 7.75;
2 – mean geometric values of D in 5-year intervals of the seismic cycle; 3 – averaged graph of D(t)
change during the cycle; 4 – boundaries of σ (lgD) = ±1.0. The numbers on the graph correspond to
earthquake numbers considered in [Fedotov, 1968].

stage II and a decrease in the standard deviation from σ (lgD) = ±1.0 [Fedotov, 1968, 2005]
(corresponds to a change in D by a factor of ten in both directions from the average value) to
σ (lgD) = ±0.72 [Fedotov, 2005; Fedotov et al., 1980] (corresponds to a change by a factor of
five). The regime of seismic energy release at the aftershock and foreshock stages remained
mainly the same [Fedotov, 2005; Fedotov et al., 1980].

In 2008, S. A. Fedotov, in [Fedotov et al., 2008], carried out a new verification and
refinement of the parameters A10(t) and D(t) that are used to calculate the prediction
values. The leading prognostic parameter is A10(t). The A10(t) cycle was refined using data
from 17 source areas for the period 1904–2006. Among the refined values of A10(t), the
following should be noted: the average values in the second half of stage II of the cycle are
A10(II, t = 70−120 years) = 1.15; the average values in the last 10 years of stage III of the
cycle are A10(III, t = 130− 140 years) = 2.17; and the average values in the last 5 years of
stage III of the cycle are A10(III, t = 135−140 years) = 2.62. It was established that A10(t)
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Figure 5. Cycle of seismic activity A10(t) in the Pacific focal zone off the coasts of Kamchatka, the
Kuril Islands, and northeastern Japan (from [Fedotov, 2005; Fedotov et al., 1980]): 1 – average seismic
activity values for 5 years (numbers correspond to earthquake numbers considered in [Fedotov
et al., 1980]); 2 – average annual A10 values determined from annual seismic activity maps of
Kamchatka; 3 – averaged graph of A10 change during the cycle; 4 – boundaries of standard deviation
σ (lgA10) = ±0.18; 5 – graph of A10(t) from [Fedotov, 1968, 2005].

increases, on average, by a factor of 1.9 during the last 10 years of the cycle and by a factor
of 2.3 during the last 5 years of the cycle. It was also noted that the value A11 (see text
below) [Fedotov et al., 2007] increases more slowly than A10 but does so monotonically over
the last 40 years of the cycle. Thus, estimates of A11 over three five-year intervals enhance
the reliability of identifying stage III of the cycle [Fedotov et al., 2008].

2.3. The First Long-Term Earthquake Prediction (1965–1985)

The identified systemic regularities in the distribution of strong earthquake sources,
the properties of the seismic cycle, and the magnitude of natural seismicity fluctuations
enabled S. A. Fedotov, in 1968, to construct for the first time a long-term earthquake
prediction for the Kuril–Kamchatka arc. The prediction was constructed for 13 large
segments of a 100-km-wide strip extending along the upper part of the continental slope
of the deep-water trench for the time periods 1965–1970, 1971–1975, 1976–1980, and
1981–1985 [Fedotov, 1968, 2005].

For each segment, the prediction included the positions of the seismic gaps, the
stage of the seismic cycle, the relative hazard of the seismic gaps, the probable values of
seismic activity A10, the most probable magnitude of the strongest earthquake M(D) with
probabilities of 0.8, 0.5, and 0.15, and the maximum possible earthquake magnitudes
Mmax [Fedotov and Chernyshev, 2002]. Among the 13 segments, those within which the
next earthquake with M ≥ 7.75 was most probable were identified, as well as those in
which such an earthquake was unlikely in the coming years. Note that as early as 1968

Russ. J. Earth. Sci. 2026, 26, ES2001, EDN: JCTKJG, https://doi.org/10.2205/2026es001111 11 of 30

https://elibrary.ru/JCTKJG
https://doi.org/10.2205/2026es001111


Long-Term Earthquake Prediction by S. A. Fedotov for the Kuril–Kamchatka Arc. . . Gvishiani et al.

Figure 6. Cycle of seismic energy release D(t) in the Pacific focal zone off the coasts of Kamchatka,
the Kuril Islands, and northeastern Japan (from [Fedotov, 2005; Fedotov et al., 1980]): 1 – average
for 5 years values of D in the source areas of earthquakes with M ≥ 7.75 (numbers correspond to
earthquake numbers considered in [Fedotov et al., 1980]); 2 – averaged graph of change during the
cycle; 3 – boundaries of standard deviation σ (lgD) = ±0.72; 4 – graph of D(t) from [Fedotov, 1968,
2005].

[Fedotov, 1968], the prediction for the region containing the source areas of the 1952 and
2025 earthquakes was given in two variants – for the western and eastern parts of the
segment of the considered strip.

In subsequent years, the predictions were systematically refined as new data on
earthquakes in the region became available. The predictions were regularly verified. The
first verification, carried out in 1974 [Fedotov, 1974], demonstrated the success of the
prediction made for 1965–1970 [Fedotov, 1968]. The earthquake near Shikotan Island on
August 12, 1969 with M = 8.0 occurred in the area where such events had been expected
according to the prediction. With regard to the prediction of A10 and the magnitudes
of the anticipated earthquakes (with a probability of 0.8), it should be stated that the
prediction was confirmed for 6 of the 7 segments for which it had been constructed, and
all earthquakes with M ≥ 7.5 occurred where they had been predicted as possible in
1965–1970.

Following the 1969 earthquake near Shikotan Island and the changes it introduced
into the seismic situation, the prediction for 1971–1975 was adjusted [Fedotov, 1974, 2005].
For each segment, the stage of its seismic cycle was refined. If no event with M ≥ 7.75 had
occurred within a segment since 1904, it was assigned stage III.

Taking into account the mean values of activity A10 and seismic energy in conventional
units D, characteristic for different stages of the cycle, as determined in [Fedotov, 1968,
2005], new probabilistic parameters P (A10) and P (D) were introduced in [Fedotov, 1974]:

• P (A10) – the probability that the value of A10, averaged over the preceding five years,
exceeds the level of A10 that exists in stage II of the seismic cycle (the prolonged stage
of seismic energy accumulation);

Russ. J. Earth. Sci. 2026, 26, ES2001, EDN: JCTKJG, https://doi.org/10.2205/2026es001111 12 of 30

https://elibrary.ru/JCTKJG
https://doi.org/10.2205/2026es001111


Long-Term Earthquake Prediction by S. A. Fedotov for the Kuril–Kamchatka Arc. . . Gvishiani et al.

• P (D) – the probability that the value of D, averaged over the preceding five years,
exceeds the level of D observed in stage II of the seismic cycle.

S. A. Fedotov noted that the smaller the product P (A10) · P (D), the greater the proba-
bility that the considered segment is passing through stage III of foreshocks.

Using knowledge of the current stage of the seismic cycle, the values of P (A10) · P (D),
and the assumption of a 5% average probability of an earthquake with M ≥ 7.75 within
five years at an arbitrary location, the segments of the Kuril–Kamchatka arc in which the
probability of an event with M ≥ 7.75 was greater or less than 5% were determined [Fedotov,
1974, 2005].

2.4. Formalized Identification of Boundaries for Earthquake Source Areas

During the initial development stages of the method for long-term earthquake pre-
diction, the source area was taken to be an ellipse with an axis ratio of approximately 1/2.
Within this ellipse fell about two-thirds of the aftershocks in the first year following an
earthquake with M ≥ 7.75. When delineating the boundaries of the epicentral areas, the
mutual positions of the epicenters of strong foreshocks, the mainshock, and aftershock
clusters, as well as data on rupture length, the tsunami source, and macroseismic data,
were taken into account [Fedotov, 2005].

By 1980 [Fedotov et al., 1980], new detailed data on the seismicity in the source
areas of earthquakes with M ≥ 7.75 enabled S. A. Fedotov to introduce formalized rules
for determining the boundaries of source areas based on data on their aftershocks and
foreshocks [Fedotov, 2005]. For that purpose, using a catalog of foreshocks, mainshocks, and
aftershocks for the first year for events with M ≥ 7.75 that occurred during 1958–1979 in the
region of the Southern Kuril Islands, isolines of seismic activity A10 and of seismic energy
release D (based on the first-year aftershocks with M ≥ 6.0) were constructed [Fedotov
et al., 1980]. Various pairs of A10 and D isolines were examined, and the conventional
median line between the A10 = 10 and D = 1 isolines was adopted as the boundary of the
source area. Where such isolines were insufficient to define all source-area boundaries,
the boundaries of the area of the first-year aftershocks with M ≥ 6.0 were additionally
employed [Fedotov, 2005]. The boundaries thus defined made it possible to substantially
refine the source areas of earthquakes with M ≥ 7.75 and to identify more reliably the
probable areas of the next such earthquakes in the Kuril–Kamchatka arc [Fedotov, 2005;
Fedotov et al., 1980].

The refinement of earthquake source boundaries using the new methodology permit-
ted the division, in the prediction for 1975–1980, of a number of segments into western
and eastern parts relative to the Kuril–Kamchatka arc. One such segment was the area
adjacent to Avacha Bay, the northwestern part of which, according to the assumptions of
S. A. Fedotov, was passing through stage III of the seismic cycle [Fedotov, 2005; Fedotov
et al., 1980]. In subsequent predictions, the hazard of an earthquake with M ≥ 7.75 in
this segment of the arc remained consistently high [Fedotov, 2005; Fedotov and Chernyshev,
1983], along with low values of P (A10) · P (D). Note that on the map of D isolines for 1962–
1983 [Fedotov et al., 1990], large gradients of seismic energy release were observed in the
Avacha Bay area, indicating that, at the end of the 1980s, the Avacha Bay area was one of
the most seismically hazardous areas of the Kuril–Kamchatka arc [Fedotov, 2005; Fedotov
et al., 1990].

2.5. Overall Assessment of the Reliability for the Prediction for 1965–1985

In 1987, an overall assessment of the reliability of the long-term earthquake prediction
for 1965–1985 was provided in [Fedotov and Chernyshev, 1987]. All five earthquakes with
M ≥ 7.75 (in 1968 with M = 7.9 east of the northern part of Honshu Island; in 1969 with
M = 8.2 off the islands of Kunashir and Iturup; in 1971 with M = 7.8 in the Kamchatka
Strait between Kamchatka and Bering Island; in 1973 with M = 7.9 off Kunashir Island;
and in 1978 the swarm of earthquakes with M = 7.1–8.0 off Iturup Island [Fedotov, 2005])
occurred in the seismic gaps where such earthquakes had been anticipated according
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to the prediction of S. A. Fedotov [Fedotov, 1965, 1984; Fedotov and Chernyshev, 2002].
Considering individually the predictions for 1971–1975, 1976–1980, and 1981–1985, it
should be noted that the earthquakes with M ≥ 7.75 were confined to segments with low
values of P (A10) · P (D) [Fedotov, 2005; Fedotov and Chernyshev, 1987].

In the predictions for 1965–1985, the seismic activity A10 estimated with a probability
of 0.7 was correctly predicted for segments passing through stages I or II of the cycle in 27
out of 37 cases, i.e., 73%. Earthquakes with magnitude M = 5.75–6.25, expected with
a probability of 0.8 over five-year time intervals, occurred in 24 out of 37 cases, i.e., 65%;
earthquakes with M = 6.25–7.0, expected with a probability of 0.5, occurred in 12 out of 37
cases, i.e., 32%. At the same time, the prediction of earthquakes with M = 5.75–7.0 was
successful in 1965–1970 and 1971–1975 and less accurate in 1981–1985 [Fedotov, 2005;
Fedotov and Chernyshev, 1987].

The long-term earthquake prediction for the Kuril–Kamchatka arc by S. A. Fedotov
was successful in 1965–1985. Its efficacy was confirmed by a 20-year verification against
actual data [Fedotov, 2005].

2.6. The “Scenario” of the Foreshock–Aftershock Process

Earthquakes with M ≥ 7.75 are often preceded by foreshocks and followed by strong
aftershocks, which represent a considerable additional hazard. In 1993, in [Fedotov et
al., 1994a], S. A. Fedotov studied the average sequence of foreshocks and aftershocks
with M ≥ 6.0 accompanying earthquakes with M ≈ 8.0. For this purpose, 17 events with
M = 7.8–8.2 that occurred during 1904–1985 in Kamchatka, the Kuril Islands, Japan, and
other parts of the Pacific seismic belt were analyzed, together with their foreshocks and
aftershocks with M ≥ 6.0 that occurred within one month before and after the main event.
Note that S. A. Fedotov did not consider earthquakes with M > 8.2, treating them as events
of a larger, independent class [Fedotov, 2005; Fedotov et al., 1994a].

For each of the 17 earthquakes, distributions of the number of foreshocks and after-
shocks by magnitude and time (by day over the course of a month and by hour during the
first 24 hours) were constructed, as well as cumulative plots of the temporal increase in the
average number of events observed in the mainshock source [Fedotov et al., 1994a]. From
the results of this construction of a “scenario” for the foreshock–aftershock process, the
following should be noted. Within one to two days, and especially in the last 24 hours
before an earthquake with M ≈ 8.0, foreshocks with M ≥ 6.0 were observed in 27% of cases.
The most hazardous are the first 8 hours after the mainshock, during which approximately
one-third of all aftershocks of the first month may occur. During the first three days, the
hazard of aftershocks with M ≥ 7.5 is high. After the first week, the probability of events
with M = 7.0–8.4 decreases substantially. During the first month after the main event, an
average of 6–7 aftershocks with M ≥ 6.0 are observed [Fedotov, 2005; Fedotov et al., 1994a].

In 1998, in [Fedotov et al., 1998], the probabilistic “scenario” was extended from one
month to one year. For its construction, 12 aftershock sequences that occurred solely
within the Kuril–Kamchatka and Japan focal zones were analyzed [Fedotov, 2005; Fedotov
et al., 1998]. It was shown that 70% of the annual number of aftershocks with M ≥ 6.0
occur in the first month; in the first 10 days, 92% of the monthly and 65% of the annual
number of aftershocks with M ≥ 6.0, and 97% of the monthly and 95% of the annual
number with M ≥ 7.0. Particular attention was drawn to the first three days, when 75%
of the aftershocks with M ≥ 6.0 over 10 days, 70% over a month, and 50% over a year
occur [Fedotov et al., 1998]. Over the course of a month, the process weakens, and in the
interval from one month to one year, only single events with M ≥ 6.0 occur. On average,
the strongest aftershock has a magnitude 0.8 units less than the mainshock and occurs
4.4–6.0 days after it. The closer in time the strongest aftershock is to the main event, the
weaker it is. In the majority of cases, the strongest aftershock is located at a distance of
one-third of the source area length from the mainshock epicenter [Fedotov, 2005; Fedotov
et al., 1998].
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The “scenario” of aftershock sequence development was systematically applied by
S. A. Fedotov for predicting seismic hazard after earthquakes with M ≥ 7.7 [Fedotov,
2005]. It is noteworthy that the aftershock sequences with M ≥ 6.0 of the Shikotan
(1994), Kronotsky (1997), Olyutorsky (2006), Middle Kuril (2006), and other earthquakes
conformed rather well to this “scenario” [Fedotov, 2005; Fedotov et al., 1999, 1994a,b, 2007,
2011]. Note that the prediction estimates for the long-term period of the aftershock process
proved to be the most reliable. Despite the fact that the “scenario” was constructed for
earthquakes with M = 7.8–8.2, the aftershock process of the 2025 megathrust earthquake
with MW = 8.8 demonstrates good agreement with it.

2.7. Overall Assessment of the Reliability for the Prediction for 1986–2000

In 2002, S. A. Fedotov carried out an assessment of the reliability of the long-term
earthquake prediction for 1986–2000 [Fedotov and Chernyshev, 2002]. The source areas of
both earthquakes with M ≥ 7.75 that occurred during this period (the Shikotan earthquake
of October 4, 1994 with M = 8.0 and the Kronotsky earthquake of December 5, 1997
with M ≥ 7.8–7.9) were located in the seismic gaps considered to be the most probable
areas of the next strongest earthquakes [Fedotov, 2005; Fedotov and Chernyshev, 2002].
Thus, by 2000, the long-term earthquake prediction for the Kuril–Kamchatka arc had been
validated for all 7 earthquakes with M ≥ 7.75 that occurred during 1965–2000 [Fedotov,
2005; Fedotov and Chernyshev, 1987, 2002].

Note that during 1965–2000, the application of the parameter B = P (A10) · P (D), that
was introduced in [Fedotov, 1974], demonstrated high efficacy. For example, beginning
in 1971, a monotonic decrease in parameter B was observed in the region of Shikotan
Island and the Kronotsky Peninsula. It reached critical values (less than 0.03) prior to the
earthquakes. Based on the analysis of parameter B values, a warning that the Shikotan
Island area had become, in 1994, the most probable area of the next strong earthquake
was sent by S. A. Fedotov to the Ministry of Emergency Situations of Russia five months
before the earthquake [Fedotov and Chernyshev, 2002; Fedotov et al., 1999]. In the case
of the 6 earthquakes (with M ≥ 7.75 in 1965–2000) for which data were available for
0–5 years prior to them, reduced values of B were observed. In three cases B values less
than 0.03 were observed. Moreover, all 6 events occurred in seismic gaps for which, over
the preceding 5 years, the lowest values of parameter B had been observed [Fedotov, 2005;
Fedotov and Chernyshev, 2002].

For 1986–2000, the predictions of the A10 ± σ values (with a probability of 0.7) and of
the magnitude levels (with probabilities of 0.8 and 0.5) remained, on average, at the level
of those for 1965–1985 [Fedotov and Chernyshev, 1987]. The magnitude level M(P = 0.8)
was attained in 57% of cases, and M(P = 0.5) in 30–35% of cases. The A10 prediction was
confirmed in 53% of cases, which is somewhat lower than in 1965–1985. This is explained
by the fact that, after the Shikotan and Kronotsky earthquakes, seismic activity increased
substantially not only within their source areas but also in adjacent segments [Fedotov,
2005; Fedotov and Chernyshev, 2002].

2.8. Development of the Method and the Long-Term Earthquake Prediction for 2001–2005

In 2002, the method of long-term earthquake prediction by S. A. Fedotov underwent
further development [Fedotov and Chernyshev, 2002]. In constructing the prediction for
2001–2005, in addition to the previously predicted parameters, the probabilities of the
occurrence of earthquakes with M ≥ 7.75 over the next five years were calculated for
each identified segment of the Kuril–Kamchatka seismogenic zone (the hazardous seismic
gaps in which the last earthquake with M ≥ 7.75 had occurred before 1920, and the
areas where earthquakes with M ≥ 7.75 had occurred during the preceding 80 years)
(Figure 7). For this purpose, such independent data as the regularities of seismic gap
distribution, the properties of the seismic cycle and its stages, the duration of the seismic
cycle (140 ± 60 years and 120 ± 50 years – the estimate updated by 2000 [Fedotov, 2005]),
the normal distribution of time intervals between strongest earthquakes at a given location,
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the average recurrence rate of the strongest earthquakes throughout the Kuril–Kamchatka
zone (approximately 5 years), the determination of the relative hazard of seismic gaps,
and other data were used [Fedotov, 2005; Fedotov and Chernyshev, 2002]. Note that the
probability estimates thus calculated are proportional to the value 1−B (i.e., they depend
on the values of A10 and D) and to the length of the arc segment under consideration
(Figure 7).

In Figure 7, attention is drawn to the high probability (20.5%) of the occurrence in
2001–2005 of an earthquake with M ≥ 7.75 in the Avacha Bay area. In turn, the aggregate
probability of such an earthquake in Avacha Bay and in the adjacent segment off South
Kamchatka (the region containing the source zones of the 1952 and 2025 earthquakes)
reaches nearly 40.0%, which constituted half of the probability of an event in all the seismic
gaps identified in 2000 [Fedotov, 2005; Fedotov and Chernyshev, 2002].

2.9. Retrospective Prediction for 2001–2005 for the Hokkaido Island Area

On September 25, 2003, an earthquake with MS = 8.1 occurred off the coast of
Hokkaido Island [Fedotov et al., 2004]. Its source did not fall within the zone for which
S. A. Fedotov had provided a prediction, being located to the south of it and encompassing
the southern part of the 1952 earthquake source (Figure 7) [Fedotov, 2005]. In 2004, in
[Fedotov et al., 2004], a retrospective prediction for 2001–2005 was constructed for the
segment of the Pacific seismic belt located off Hokkaido Island. For this purpose, the
beginning of segment 1 was shifted to the southwestern edge of the 1952 earthquake
source, up to the line dividing the seismically active zones of Hokkaido and Honshu. A new
segment 0 was also added. The estimates of P (A10), P (D) and B were obtained under the
assumption that the characteristics of the seismic cycle in this area are the same as those
for the Kuril–Kamchatka seismofocal zone. This assumption was based on the fact that the
region southeast of Hokkaido Island is a continuation of the Kuril–Kamchatka island arc
[Fedotov et al., 2004].

The retrospective prediction for 2001–2005 thus constructed showed that the aggre-
gate probability of an earthquake with M ≥ 7.7 in segments 0 and 1 was 29.6% [Fedotov,
2005; Fedotov et al., 2004]. Higher probabilities (38.8% in total) were determined only for
South Kamchatka and Avacha Bay (Figure 7). Thus, the seismic gap, encompassing two
segments with a total length of 300 km along the southeastern coast of Hokkaido Island,
was, in 2001, one of the most hazardous areas within the 2,300-km-long section of the
Pacific seismic belt located between the city of Ust-Kamchatsk in Kamchatka and Cape
Erimo on Hokkaido [Fedotov et al., 2004].

The retrospective results strongly supported the applicability of the method developed
by S. A. Fedotov in new regions. Subsequent mapping of the 2003 earthquake source
showed that it covered the most hazardous part of the seismic gap, a large portion of the
1952 earthquake source area (M = 8.3), and the western seismic quiescence zone [Fedotov
et al., 2004].

2.10. Long-Term Earthquake Prediction for 2004–2011

Long-term earthquake predictions for the Kuril–Kamchatka arc were updated by
S. A. Fedotov on a regular basis. New predictions were constructed no less frequently than
every six months, or more often if strong earthquakes had occurred and, as a consequence,
the seismicity parameters had changed substantially.

In [Fedotov et al., 2004], a prediction was constructed for 2004–2008 (April 2004–
March 2009). Its distinctive feature was that, for Kamchatka, the division into prediction
segments was performed in two variants. Maps of the prognostic parameter B were also
constructed to assess the relative hazard of the seismic gaps. This was done with the aim of
refining the prediction for the area of the city of Petropavlovsk-Kamchatsky. The prediction
constructed using the classical segmentation scheme showed that the highest probability
of an earthquake with M ≥ 7.7 in 2004–2008 was retained in Avacha Bay (18.9%) and off
South Kamchatka (17.1%).
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Figure 7. Map of the source areas of the Kuril–Kamchatka earthquakes of 1904–2000 with M ≥ 7.75, h = 0–80 km, and the probabilities of the occurrence
of such earthquakes in 2001–2005 in all segments of the prediction strip (from [Fedotov, 2005; Fedotov and Chernyshev, 2002]): 1 – numbers of the segments
for which the long-term earthquake prediction is given; 2 – instrumental epicenters of the mainshocks of earthquakes with M ≥ 7.75; 3 – boundaries of
the source areas of earthquakes with M ≥ 7.75, drawn with an accuracy of ±10 km; 4 – the same boundaries drawn with lower accuracy; 5 – probable
source areas of the 1904–1918 earthquakes with M ≥ 7.75; 6 – inferred source area of the 1841 earthquake, located in segments 12a and 12b; 7 – most
probable areas of the next earthquakes with M ≥ 7.75; 8 – possible areas of the next earthquakes with M ≥ 7.75; 9 – boundaries of the prediction strip;
10 – axes of deep-water trenches; 11 – axis of the volcanic belt of the Kuril–Kamchatka arc; 12 – epicenters of the 1991–2000 earthquakes with M = 7.0–7.6,
h = 0–80 km; 13 – probability value (in %) of the occurrence of earthquakes with M ≥ 7.75 in 2001–2005 in all segments of the Kuril–Kamchatka
seismogenic zone for which the long-term earthquake prediction is given.
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The increase in the A10 and D values at stage III of the seismic cycle may involve not
only the source of the approaching earthquake but also the adjacent areas. Proceeding
from this, a prediction was constructed in which segments 11a and 11b, 12a and 12b,
and 13a and 13b were combined (see, for example, Figure 7). Under the assumption that
segment 13 is passing through stage II of the cycle, the following probabilities of the
occurrence of an earthquake with M ≥ 7.7 were obtained for segments 11, 12, and 13:
12.6%, 28.6%, and 3.9%, respectively. In turn, under the assumption of stage III in
segment 13, probabilities of 10.3%, 23.4%, and 12.7%, respectively, were obtained.

The mapped isolines of parameter B also indicated that the most probable area for
the sources of the next earthquakes with M ≥ 7.7 was Avacha Bay (segment 12) and the
adjacent segments of South Kamchatka (segment 11) and Kronotsky Bay (segment 13). The
pattern of the parameter B isolines permitted the assertion that, in Avacha Bay, the outer
part farther from the coast is more hazardous [Fedotov et al., 2004].

After [Fedotov et al., 2004], in 2004–2005, S. A. Fedotov updated the predictions sev-
eral times. They were provided for November 2004–October 2009, June 2005–May 2010,
and September 2005–September 2010. The paper [Fedotov et al., 2007] presents the long-
term earthquake prediction for the Kuril–Kamchatka arc for April 2006–April 2011. The
methodological innovation here was the use of a new parameter, A11 – the number of earth-
quakes of energy class KS = 11 (M = 4.3) per year over an area of 1,000 km2. In turn, P (A11)
is the probability that A11 over most part of the source area of the strongest earthquake,
during the 10–15 years preceding it, will be randomly greater than its observed value.
Thus, for assessing the relative hazard of seismic gaps, in addition to B = P (A10) · P (D), the
parameters B1 = P (A10) · P (D) · P (A11) and B2 = P (A10) + P (D) + P (A11) were also used. The
values B1 and B2 allow the range of B values to be estimated in the case of low correlation
between A10, D and A11 and in the case of strong dependence among them [Fedotov et al.,
2007].

According to the prediction for April 2006–April 2011, the most probable area of
the next earthquake with M ≥ 7.7 was the Avacha Bay area and the adjacent segments of
the island arc, with an aggregate probability of 41.8–48.0%. The second most hazardous
area was the region of the Middle Kuril Islands. Here was an increase in the probability
of an earthquake with M ≥ 7.7 from October 2005 to April 2006 from 7.9% to 9.6%. The
aggregate probability for this segment together with the adjacent ones was 26.7% [Fedotov
et al., 2007].

Eight months after the prediction was made, on November 15, 2006, the Middle Kuril
(Simushir) earthquake with MS = 8.2, MW = 8.3 occurred in the region of Simushir Island
[Fedotov et al., 2007, 2008]. Its source filled the seismic gap between the sources of the
1915 earthquake with M = 8.1 and the 1918 earthquake with M = 8.3. The earthquake
occurred in full accordance with the predictions provided for 2001–2005, 2004–2008,
September 2005–September 2010, and April 2006–April 2011 [Fedotov et al., 2007, 2011].
It is important to note that, in addition to the probable location of the source area, the
magnitude of the event was also correctly predicted [Fedotov et al., 2011]. The earthquake
became a confirmation of results obtained by S. A. Fedotov indicating the high seismic
potential of the segment of the Kuril–Kamchatka arc in the Middle Kuril Islands area.
Previously, a number of researchers had considered that earthquakes with M ≥ 7.7 could
not occur there [Reisner and Rogozhin, 2003; Tarakanov et al., 1977].

Several weeks after the Middle Kuril (Simushir) earthquake, the long-term earthquake
prediction was once again updated (for the period November 2006–October 2011). In its
new version, the probability of an earthquake with M ≥ 7.7 in the Avacha Bay area and
the adjacent segments increased to 53%. Following it in terms of seismic hazard level
were the areas near the Nemuro Peninsula (11.2%) and Onekotan Island (9.8%), as well as
Kamchatka Bay in Kamchatka (9.4%) [Fedotov et al., 2007].

Two months after the Middle Kuril (Simushir) earthquake, a seismic event with
MS = 8.1 [Fedotov et al., 2008] occurred in the vicinity of its source, within the oceanic plate
in front of the oceanic trench [Mikhailov et al., 2025b]. Note that such a combination of two
earthquakes was a rare event, similar to the pair of 1918 with M = 8.2 and M = 7.9, which
also occurred two months apart near the islands of Simushir and Urup.
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2.11. Long-Term Earthquake Prediction for 2008–2021

In 2008, using the parameters A10(t) and D(t) refined in [Fedotov et al., 2008], a long-
term earthquake prediction was constructed for the period April 2008–March 2013. Ac-
cording to this prediction, the aggregate probability of an earthquake with M ≥ 7.7 in
the segment of the Kuril–Kamchatka arc encompassing South Kamchatka, Avacha Bay,
and Kronotsky Bay, which corresponds to shaking intensities of VII–IX in Petropavlovsk-
Kamchatsky, was 49.2%. The probability of an earthquake with M ≥ 7.7 in the Kamchatka
Bay area was 8.5%; in the Kuril Islands, in the Onekotan Island–Middle Kuril Islands area,
24.5%; and in the Nemuro Peninsula area, 9.6% [Fedotov et al., 2008].

In turn, in the predictions for the periods September 2010–August 2015 [Fedotov
et al., 2011] and September 2011–August 2016 [Fedotov et al., 2012], the probability of
an earthquake with M ≥ 7.7 in the Avacha Bay area and the adjacent segments of the
Kuril–Kamchatka arc was 54.0% and 52.2%, respectively. The aggregate seismic hazard
in the Middle Kuril Islands area (the seismic gaps south and north of the source of the
Middle Kuril (Simushir) earthquake) was 23.8% [Fedotov et al., 2011] and 24.6% [Fedotov
et al., 2012]; in the Kamchatka Bay area, 6.9% [Fedotov et al., 2011] and 7.5% [Fedotov et al.,
2012]; and in the Nemuro Peninsula area, 6.5% [Fedotov et al., 2011] and 6.6% [Fedotov
et al., 2012].

The study of the total released seismic energy, both in the entire Kuril–Kamchatka
region and in its individual parts, was employed by S. A. Fedotov as an important sup-
plement to the method of long-term earthquake prediction [Fedotov et al., 2012]. Fedotov
et al. [2011] analyzed data on the accumulation and release of seismic energy in the Kuril–
Kamchatka seismogenic zone from 1900 to 2010. It was shown that, since 1952, seismic
energy equivalent to an earthquake with M = 8.5 had been accumulated in the Kamchatka
area [Fedotov and Solomatin, 2015]. If an earthquake of such magnitude were to occur, it
would most likely encompass the entire seismic gap in South Kamchatka and Avacha Bay.
The probable time of such an earthquake was estimated as the end of 2011 ± 1 year, with
the latest possible date being 2015–2023 [Fedotov et al., 2011].

In 2012, the analysis of the similar development of the foreshock, mainshock, and
aftershock sequences of the Ozernovsky (November 22, 1969, M = 7.7), Ust-Kamchatsky
(December 15, 1971, M = 7.8), and Kronotsky (December 5, 1997, M = 7.8–7.9) earth-
quakes allowed S. A. Fedotov to draw the following important conclusions [Fedotov et al.,
2012]. Seismic processes in Kamchatka had developed in such a way that the sources of
earthquakes with M ≥ 7.7 migrated from north to south, successively filling the seismic
gaps. In this process, foreshock chains and swarms originated in the northern part of the
earthquake source areas. The main events occurred within the foreshock swarms or to
the south of them. Strong aftershock swarms propagated hundreds of kilometers south-
ward from the mainshock epicenter. Based on the revealed regularities in the migration
of seismicity, it was hypothesized that the rupture initiation and foreshocks of the next
Kamchatka earthquake with M ≥ 7.7 would be located in the Shipunsky Peninsula region,
and its source area would fill the seismic gaps in Avacha Bay and off the coast of South
Kamchatka [Fedotov et al., 2012].

In [Fedotov et al., 2012] it is noted that, in 2005, a tentative long-term earthquake
prediction had been constructed for northeastern Japan for the period 2005–2010. Within
its framework, a large seismic gap was identified off the eastern coast of Japan. Based on
the seismic history of this area and the seismic cycle duration of 140 ± 60 years, it had been
regarded since the 1980s as the probable area of future earthquakes with M ≥ 7.7. This
seismic gap was filled in 2011 by the source of the catastrophic Tohoku earthquake with
M ≥ 9.0 [Ozawa et al., 2011; Simons et al., 2011]. This provided a further argument both in
favor of the applicability of the method of long-term earthquake prediction developed by
S. A. Fedotov in general and for the territory of Japan in particular.

In [Fedotov and Solomatin, 2015, 2017], S. A. Fedotov presented predictions for the
periods September 2013–August 2018 and April 2016–March 2021, respectively. The most
probable areas of the next earthquakes with M ≥ 7.7 remained the segments located in the
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area of Petropavlovsk-Kamchatsky and South Kamchatka, with an aggregate probability of
42.0% [Fedotov and Solomatin, 2015] and 43.7% [Fedotov and Solomatin, 2017]. A high level
of seismic hazard was observed in the Kamchatka Bay area – 6.8% [Fedotov and Solomatin,
2015] and 8.9% [Fedotov and Solomatin, 2017]. In the Kuril Islands, the highest seismic
hazard level was in the Middle Kuril Islands area – 34.5% [Fedotov and Solomatin, 2015]
and 29.7% [Fedotov and Solomatin, 2017]. The segment near the Nemuro Peninsula had
probabilities of 7.1% [Fedotov and Solomatin, 2015] and 7.1% [Fedotov and Solomatin, 2017].

2.12. The Influence of a Series of Deep Earthquakes on the Development of the Seismic Process
in the Kuril–Kamchatka Region

In 2015–2019, S. A. Fedotov analyzed the influence of a series of deep earthquakes
beneath the Sea of Okhotsk (July 5, 2008, MW = 7.7; August 14, 2012, MW = 7.7; and the
Sea of Okhotsk earthquake of May 24, 2013, MW = 8.3), the Tohoku megathrust earthquake
(March 11, 2011, MW = 9.0), as well as the Near-Aleutian earthquake (July 17, 2017,
M = 7.7), on the development of the seismic process in the Kuril–Kamchatka region
[Fedotov and Solomatin, 2015, 2017, 2019]. In particular, high values of the A10 parameter,
constructed for the period 2008–2016, were identified at the northeastern and southwestern
boundaries of the source area of the 1952 Kamchatka earthquake with M = 8.5 [Fedotov
and Solomatin, 2017]. The area of maximum A10 values was located along the extension
of the line “epicenter of the Sea of Okhotsk earthquake – Avacha Bay”. This maximum
was largely determined by the seismic activation of May 18–24, 2013, which occurred here
immediately prior to the Sea of Okhotsk earthquake.

It was noted that the identified areas of high A10 values delineate the projection of the
deep source of the Sea of Okhotsk earthquake onto the shallow-earthquake region adjacent
to the deep-water trench. They are situated at the edges of the seismic gap, which extends
500 km from the Shipunsky Peninsula through Avacha Bay and South Kamchatka to the
area of Paramushir Island. This fact, together with the precise temporal coincidence of the
activation in Avacha Bay with the deep Sea of Okhotsk earthquake, indicated the existence
of a connection between the seismogeodynamic processes in the deep and upper parts of
the seismogenic zone and revealed the location of the most highly stressed segments of the
upper part of the Kuril–Kamchatka seismogenic zone. Based on the revealed relationships,
S. A. Fedotov concluded that the next destructive earthquake should be expected within
the seismic gap in South Kamchatka. The seismic energy accumulated there corresponds
to an earthquake of magnitude M = 8.0–9.0 [Fedotov and Solomatin, 2017].

2.13. Long-Term Earthquake Prediction for 2019–2024

The paper [Fedotov and Solomatin, 2019] was published at the end of 2019. This is
the last article by S. A. Fedotov on the long-term earthquake prediction for the Kuril–
Kamchatka arc, which appeared after his death. It provided a prediction for the period
June 2019–May 2024 (Figure 8). According to this prediction, the most probable areas of the
next earthquakes with M ≥ 7.7 during the specified five-year period remained the segments
located in the Avacha Bay and South Kamchatka. The aggregate probability of earthquakes
in those segments (11a, 11b, 12a, 12b, 13a, and 13b in Figure 8) capable of producing
shaking intensities of VII–IX in Petropavlovsk-Kamchatsky was 47.6%. Specifically, the
probability of an event with an intensity of IX (segment 12b in Figure 8) was 14.2%, while
the probability for events with intensities of VIII and VII (segments 11a, 11b, 12a, 13a,
and 13b in Figure 8) was 33.4%. It was noted that the probability of the earthquake with
an intensity of IX in Petropavlovsk-Kamchatsky during this period was four times higher
than the average long-term hazard for the Kuril–Kamchatka seismogenic zone.

In the Kuril Islands, the highest seismic hazard was in the region of the Middle Kuril
Islands (segments 6, 8, and 9 in Figure 8), near the ends of the main rupture of the Middle
Kuril (Simushir) earthquake. The probability of an earthquake with M ≥ 7.7 in these
seismic gaps was estimated as 6.9%, 9.4%, and 9.7%, respectively [Fedotov and Solomatin,
2019].
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For the period June 2019–May 2024, a high seismic hazard remained in the area of
Kamchatka Bay (segment 15 in Figure 8), with probability of the strongest earthquake
of 8.4%. In turn, the analogous probability in the Nemuro Peninsula area was 6.2%.
In the remaining segments of the Kuril–Kamchatka seismogenic zone, the probability of an
earthquake with M ≥ 7.7 was either equal to the average or considerably, up to 10 times,
lower than the average five-year probability of 3.6–4.2% [Fedotov and Solomatin, 2019].

S. A. Fedotov noted that during the five-year period preceding the prediction [Fe-
dotov and Solomatin, 2019], an increase in seismic activity of varying degrees had been
observed precisely in the identified seismic gaps, primarily in segments 1, 11b, 12b, and 13a
(Figure 8). At the same time, segment 10 in the Northern Kurils that is located between
two of the largest seismic gaps, was characterized by high seismic activity, indicating the
possibility that it could be involved into the source area of the next strongest earthquake.

2.14. Kamchatka Megathrust Earthquake of July 29, 2025

As noted in the introduction, on July 29, 2025 a megathrust earthquake with MW = 8.8
occurred in the Avacha Bay area. A detailed description of this event is provided in
[Chebrov, 2025; Chebrov et al., 2026]. The present section examines this event in terms of its
consistency with the results of semicentennial research by S. A. Fedotov on the long-term
earthquake prediction for the Kuril–Kamchatka arc.

Figure 8 demonstrates that the source zone of the 2025 megathrust earthquake [Che-
brov, 2025] encompassed segments 10, 11a, 11b, 12a, 12b, 13a, and 13b of the Kuril–
Kamchatka arc. According to S. A. Fedotov’s posthumously published 2019 prediction
for June 2019–May 2024, the aggregate probability of the strongest earthquake occurring
within these segments was 50.4% [Fedotov and Solomatin, 2019]. Comparing the 2025
source area with this prediction is justified, as it shows negligible differences from the
2020–2028 predictions developed in 2021–2024 by successors of S. A. Fedotov [Solomatin,
2021, 2022, 2024; Solomatin and Soldatov, 2023].

In particular, according to those predictions, the probability of the strongest event
within the zone covered by the 2025 earthquake source ranged from 48.6 to 49.4%.

The consistency between the location of the 2025 megathrust earthquake source and
the long-term assessments of S. A. Fedotov should be noted. As early as 1980, in [Fedotov et
al., 1980] the Avacha Bay area was identified as one of the segments of the Kuril–Kamchatka
arc where the next strongest earthquakes were to be expected. Subsequently, in 1987, the
establishment of large gradients of seismic energy release in this region, reported in [Fedotov
et al., 1990], confirmed the high seismic hazard of this segment.

It is important to note that since 2002, the probabilities of the occurrence for the
strongest earthquake over the subsequent five-year interval began to be calculated for each
segment of the Kuril–Kamchatka seismogenic zone [Fedotov and Chernyshev, 2002]. Since
then, the segments in southern Kamchatka and the Avacha Bay area have been consistently
identified as the most probable area of the next catastrophic earthquake. Over the course
of two decades, the cumulative probability of the strongest earthquake within the segments
later covered by the 2025 earthquake source remained steadily at 45–50% and above.

In 2015, S. A. Fedotov demonstrated that the seismic energy accumulated after the
1952 North Kuril earthquake could be released in the near future as an event with M = 8.5.
The source area of this event would fill the seismic gaps in South Kamchatka and Avacha
Bay [Fedotov and Solomatin, 2015]. In 2017, it was noted that the next strongest earthquake
with M = 8.0–9.0 would occur precisely within these seismic gaps [Fedotov and Solomatin,
2017]. At the same time, despite the low individual probability of an event with M ≥ 7.7 for
segment 10 (Figure 8), its level of seismic activity indicated the potential for this segment
to be involved to the source area of the next strongest earthquake in South Kamchatka
[Fedotov and Solomatin, 2019].
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Figure 8. Caption on next page.
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Figure 8. Long-term earthquake prediction for the Kuril–Kamchatka arc, source areas of the Kuril–
Kamchatka earthquakes of 1902–2019 with M ≥ 7.7, probabilities of the occurrence of shallow
(H < 80 km) earthquakes with M ≥ 7.7 in the period June 2019–May 2024 (according to [Fedotov
and Solomatin, 2019]), and the epicenter of the Kamchatka megathrust earthquake of July 29, 2025
with MW = 8.8: 1 – numbers of the segments for which the long-term earthquake prediction is
given; 2 – boundaries of the prediction segments; 3 – instrumental epicenters of the mainshocks of
earthquakes with M ≥ 7.7; 4 – boundaries of earthquake source areas with M ≥ 7.7, drawn with an
accuracy of ±10 km; 5 – segments of the same boundaries drawn with lower accuracy; 6 – probable
source areas of the 1904–1918 earthquakes with M ≥ 7.7; 7 – inferred source area of the 1841
earthquake; 8 – most probable areas of the next earthquakes with M ≥ 7.7; 9 – possible areas of
the next earthquakes with M ≥ 7.7; 10 – axes of deep-water trenches; 11 – axis of the volcanic
belt of the Kuril–Kamchatka arc; 12 – source areas of earthquakes with M ≥ 7.7 that occurred
after 1965 in the predicted seismic gaps; 13 – epicenter of the Kamchatka megathrust earthquake
of July 29, 2025 with MW = 8.8; 14 – epicenter of the Kamchatka earthquake of July 20, 2025 with
MW = 7.4; 15 – epicenters of aftershocks of the Kamchatka megathrust earthquake with MW ≥ 6.0;
16 – epicenters of the strongest aftershocks of the Kamchatka megathrust earthquake with MW = 7.4
and MW = 7.8; 17 – source area of the Kamchatka megathrust earthquake of July 29, 2025 with
MW = 8.8 (according to [Chebrov, 2025]).

The hypothesis advanced in 2012 in [Fedotov et al., 2012] that the rupture initiation
and a foreshock of the next strongest earthquake would be localized in the area of the
Shipunsky Peninsula, and that the aftershock cloud would extend hundreds of kilometers
southward from the mainshock epicenter, was fully corroborated by the actual development
of the seismic process within the source of the 2025 event. The spatial configuration of
the source similarly confirmed conclusion made by S. A. Fedotov that, in Avacha Bay, the
greatest hazard is posed by its outer part, which is farther from the coast [Fedotov et al.,
2004].

The foregoing indicates that the location, magnitude, and character of the source
process of the 2025 MW = 8.8 megathrust earthquake are in complete agreement with
the results of S. A. Fedotov. The actual occurrence of the event within the seismic gaps
of South Kamchatka and Avacha Bay, which for decades had been characterized as the
probable area of the next strongest earthquake, constitutes empirical proof of the high
efficacy and fundamental validity of the methodology of long-term earthquake prediction
for the Kuril–Kamchatka arc developed by Sergey A. Fedotov.

Note that, despite the substantial spatial overlap of the source zones of the 2025 and
1952 events (Figure 8) [Chebrov, 2025], the interval between the two megathrust earth-
quakes amounted to 73 years. This interval lies below the threshold value of the seismic
cycle duration originally estimated by S. A. Fedotov in 1968 as 140 ± 60 years [Fedotov,
1968]. However, it falls within the limits of the cycle refined in 2002 to 120 ± 50 years
[Fedotov and Chernyshev, 2002].

In [Mikhailov et al., 2025a] it is suggested that the relatively short interval between the
megathrust earthquakes may be a consequence of the fact that their source areas do not
coincide but complement each other. That is, in 1952 and 2025 the main slip may have
occurred on different segments of the subduction zone: on segments located closer to and
farther from the deep-water trench. In other words, during the inter-event period stress
accumulated not uniformly across the entire zone but concentrated in those segments that
did not release strain during the preceding megathrust earthquake. It is worth noting that
in [Fedotov, 1968], S. A. Fedotov formulated the hypothesis that a part of the arc segment
in the Avacha Bay area could have lain outside the source area of the 1952 megathrust
event. It is possible that the preceding megathrust earthquake for this segment should be
considered the event of 1841 (see the source area boundaries in Figure 2).

According to [Lobkovsky et al., 2026], the interval between Kamchatka megathrust
earthquakes may be governed by the fact that, within the framework of the key–block
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model [Lobkovsky et al., 1991], the South Kamchatka segment of the frontal wedge is
monolithic (highly consolidated). It lacks large longitudinal faults that could partially
release the accumulated stress. That is, if the wedge is not fragmented, elastic strain energy
accumulates almost synchronously over the entire plate interface, and the critical Coulomb
stress is reached relatively rapidly.

3. Conclusion

The long-term earthquake prediction method developed in the mid-1960s by Sergey
A. Fedotov [Fedotov, 1967] is based on the concept of seismic gaps [Fedotov, 2005], and
represents a fundamental contribution to seismology in the second half of the 20th century.
Within this approach, the concept of the seismic cycle was first formulated [Fedotov, 1968]
and a quantitative estimate of its duration for the Kuril–Kamchatka Arc was given [Fedotov,
2005].

As noted in [McCann et al., 1979], the method developed by S. A. Fedotov was a signifi-
cant breakthrough in seismology as it was proposed at the initial stages of the development
of plate tectonics theory. This approach made it possible to move from a predominantly
statistical description of seismicity in subduction zones to physically based quantitative es-
timates of seismic hazard. The results of research by S. A. Fedotov were regularly discussed
by the international expert community and were considered a model of system analysis of
long-term seismic hazard.

The research of S. A. Fedotov was predominantly focused on the Kuril–Kamchatka
region. At the same time, the developed method was also applied in other regions of the
Pacific seismic ring – from the Aleutian arc to the coast of Chile. The results obtained by
S. A. Fedotov initiated numerous studies based on the concept of seismic gaps and are
actively developed by leading scientific teams to this day [Kanamori et al., 1993; Kelleher,
1972; McCann et al., 1979; Mogi, 1969; Perez and Jacob, 1980; Plata-Martinez et al., 2021;
Sykes, 1971].

Analysis of the long-term earthquake predictions made by S. A. Fedotov demonstrates
a high level of their reliability. For example, within the studied Kuril–Kamchatka Arc,
since 1965, the sources of all earthquakes with M ≥ 7.75 were located within the seismic
gaps identified as the most probable locations for the next strongest earthquakes in given
five-year periods. These events include:

• 1968, with M = 7.9 east of the northern part of Honshu Island;
• 1969, with M = 8.2 off the islands of Kunashir and Iturup;
• 1971, with M = 7.8 in the Kamchatka Strait between Kamchatka and Bering Island;
• 1973, with M = 7.9 off Kunashir Island;
• 1978, a swarm of earthquakes with M = 7.1–8.0 off Iturup Island;
• 1997, Shikotan earthquake with M = 8.0;
• 1997, Kronotsky earthquake with M ≥ 7.8–7.9;
• 2003, earthquake off Hokkaido with MS = 8.1 (retrospective prediction);
• 2006, Central Kuril (Simushir) earthquake with MW = 8.3;
• 2011, Tohoku earthquake with M = 9.0;
• 2025, Kamchatka megathrust earthquake with MW = 8.8.

It is important to note that, in addition to the source areas, the magnitudes of the events
were also very successfully predicted.

The most important applied result of half-century research by S. A. Fedotov is the
prediction of the location and magnitude of the megathrust earthquake that occurred on
July 29, 2025, in Southern Kamchatka. This event became one of the strongest instrumen-
tally recorded in the Pacific Ocean – Okhotsk Plate transition zone and the first in the
21st century to confirm the long-term earthquake prediction by S. A. Fedotov on such
a large scale.

The results of the long-term earthquake prediction formed the basis for strategic
planning of seismic safety measures in the Russian Far East, particularly in the territory
of Petropavlovsk-Kamchatsky. The initiatives of S. A. Fedotov, supported by the USSR
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Academy of Sciences and the Russian Academy of Sciences, the governments of the USSR
and the Russian Federation, and the administration of Kamchatka Krai, became the scien-
tific basis for a set of measures to seismically reinforce buildings and structures. On this
basis, orders and resolutions of the Council of Ministers of the USSR (1986 and 1989), the
Council of Ministers of the RSFSR (1987), the Government of the Russian Federation (1995
and 2001), and a number of state decisions (2002–2016) on preparing Kamchatka Krai
for strong earthquakes were adopted. In 2009, the Government of the Russian Federation
approved the federal target program “Increasing the stability of residential buildings,
main facilities and life support systems in seismic regions of the Russian Federation for
2009–2018”. In 2013, the Government of Kamchatka Krai approved the target program
“Increasing the stability of residential buildings, main facilities and life support systems
in Kamchatka Krai for 2013–2015” [Fedotov, 2005; Fedotov and Solomatin, 2015, 2017,
2019]. By 2017, 75% of residential buildings in Petropavlovsk-Kamchatsky had received
the necessary seismic reinforcement [Fedotov and Solomatin, 2017].

Advance scientifically based knowledge of the seismic hazard level provided the
opportunity for targeted strengthening of buildings, improvement of warning and evac-
uation algorithms. As a result, in 2025, human casualties and massive destruction were
avoided. Thus, the method developed by S. A. Fedotov confirmed its effectiveness not only
as a theoretical concept but also as a fundamental basis for state policy on seismic risk
management.

The presented review of scientific papers by S. A. Fedotov allows the conclusion that
the long-term earthquake prediction method that was developed for the Kuril–Kamchatka
Arc is a fundamental stage in the development of Earth sciences and a striking example
of a consistent transition from empirical observations to a formalized, physically based
prediction system. The quantitative parameters included in the method, describing the
dynamics of the seismic process in the subduction zone, ensure its relevance in the modern
period.

The long-term earthquake prediction method by S. A. Fedotov has been successfully
verified by an event of planetary scale. The 2025 Kamchatka megathrust earthquake not
only did not refute but convincingly confirmed its main provisions.

The list of references of this article consists of more than 100 publications and is of
independent interest. This extensive bibliography can serve as a basis for continuing and
developing further research on long-term seismic hazard assessment.
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