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Status of historical seismology in Japan
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Abstract

Japan’s combination of high seismicity and a long history has produced copious written records of histori-
cal earthquakes. Systematic collection and investigation of such historical documents began late in the 19th
century. Now, almost all of Japan’s known historical materials on earthquakes have been transcribed into 25
printed volumes. The collections include records of about 400 destructive earthquakes from A.D. 599 to
1872. Epicentral coordinates and magnitudes have been estimated for about half these events and details of
earthquake and tsunami disasters have been summarized in catalogues. The space-time pattern of great
Tokai and Nankai earthquakes is a good example of revealed earthquake history. The existing collections of
historical sources, however, contain low-quality records that produce errors and fictitious (fake) earth-
quakes, and are difficult of full utilization because of volumes. Moreover, there are peculiar problems to
Japan’s historical times such as calendar and time of day. Systematic ways of estimating seismic intensities,
epicenters, focal depths and magnitudes have not yet been established. Therefore, historical earthquake cat-
alogues are yet incomplete. Constructing a reliable database of the whole historical documents in collabo-
ration with historians to give wide-ranging researchers easy and full utilization of old earthquake records is
urgent task. Revision of earthquake catalogues and construction of a seismic intensity database with inter-
national standard are also necessary.

Key words historical seismology — Japan — histor- been intensively conducted in Japan for more
ical documents — earthquake catalogue — database than a century.

Purposes or contents of historical earth-

quake study can be categorized into three. The

1. Introduction first is scientific observation and analysis of
historical earthquakes such as underground

The seismic activity in and around Japan natural phenomena, that is, historical seismol-

is very high because it is located in an active ogy, an indispensable branch of earthquake
plate boundary zone where four lithospheric science. The second is investigation of histori-
plates converge on one another. The Japanese cal earthquake disasters including physical
people have suffered from severe earthquake and mental aspects from the viewpoint of pres-
and tsunami disasters frequently throughout ent and future earthquake countermeasures
their history, and have left a huge amount of (e.g., Miki, 1979). The third is analysis of his-
written documents on these events. Based on torical societies and people related to earth-
them, study of historical earthquakes has quake disasters from the viewpoint of social

and human sciences (e.g., Kitahara, 1983).

Though these three fields are interdisciplinari-

ly related to one another and should collabo-

rate closely, this paper focuses on the first
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Both rekishi-jishin (historical earthquakes)
and ko-jishin (old earthquakes, paleo-earth-
quakes) are used in Japan to denote earthquakes
in historical times. Concerning these terms,
Ishibashi (1987) proposed definitions as fol-
lows; «paleo-earthquakes» is the general term
for earthquakes during the pre-instrumental pe-
riod («pre-instrumental earthquakes») includ-
ing «historical earthquakes» and «prehistoric
earthquakes», whereas «historical earthquakes»
means earthquakes in pre-instrumental histori-
cal times when written records exist, and «pre-
historic earthquakes», ones during older times
without written records including the Holocene
and Pleistocene. We should note, however, that
pre-WWSSN (World-Wide Standardized Seis-
mograph Network) (pre-1963) earthquake
records and earthquakes are sometimes called
as «historical seismograms and earthquakes»
(e.g., Lee et al., 1988).

The time window of historical earthquakes
as defined above differs from place to place in
the world. In Japan, the beginning of the age of
historical earthquakes is about the 6th century.
The oldest known earthquake dates back to
A.D. 599, which is recorded in Nihon Shoki
(e.g., Kuroita, 1951, 1952), the Japan’s oldest
chronicle completed in 720. Although an older
earthquake is also described in Nihon Shoki and
it is often said of A.D. 416 (e.g., Usami, 2002b,
2003), historical events before the early 6th
century A.D. belong to a mythical age for
which precise dating is almost impossible; the
year of 416 is a holdover of the ultranationalis-
tic view of history during the pre-World War II
period claiming that Japan had been founded by
Emperor Jin’'mu in 660 B.C., which had a
strong influence on the pre-1945 historical seis-
mology as well.

The lower limit of the age of historical earth-
quakes in Japan is usually considered to be 1872
or 1884. The year 1872 is taken because the Gre-
gorian solar calendar was adopted and instru-
mental observation of earthquakes, though very
primitive, was started in Japan in 1873 (e.g., Us-
ami, 1979, 1982, 1988). The year 1884 is taken
because Utsu’s (1979, 1982, 1988) parametric
catalogue of large earthquakes (M = 6) and dam-
aging earthquakes (M < 6) in Japan based on
careful re-interpretation of instrumental data be-
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gins from 1885. The method of historical seis-
mology, however, is useful even after these
years, especially until the 1923 great Kanto
earthquake (M,, 7.9) or until around the end of
‘World War II. Takemura (1999, 2001), for exam-
ple, investigated strong ground motions due to
the 1923 Kanto earthquake and very large after-
shocks immediately afterwards based mainly on
many descriptions of personal experiences.

Archaeoseismology and paleoseismology
have recently begun to complement historical
earthquake research in Japan (e.g., Sangawa,
1992; Ota and Shimazaki, 1995; Matsuda,
1999). Field records of historical earthquakes
include surface fault displacements, surface
fractures, landslides, liquefaction features, up-
lifted marine terraces, subsided marshes, dam-
aged archaeological sites, tsunami deposits, tur-
bidites, dendrochronological materials, and
remnant magnetization. For many unknown
earthquakes during historical times, whose
written records do not exist, archaeoseismology
and paleoseismology are the only ways to in-
vestigate. In this review, however, I will con-
centrate on historical seismology dealing with
written historical records of old earthquakes.

Japan is a volcanic country as well, having
experienced violent volcanic eruptions many
times, and study of historical eruptions has
been conducted in parallel with that of histori-
cal earthquakes. Therefore, what will be dis-
cussed in this paper can be applied to historical
volcanology to a considerable extent. As for the
investigation of historical natural disasters oth-
er than earthquakes, tsunamis and volcanic
eruptions, collaboration with historical seismol-
ogy has not been active in Japan so far.

2. Tectonic setting and seismicity of Japan

The Japanese Islands are located in the
midst of the plate convergence zone at the
northwestern margin of the Pacific Ocean
where two oceanic plates are being subducted
beneath two continental plates (fig. 1). North-
east Japan is considered to be on the North
American plate or the Okhotsk (Sea of Okhot-
sk) microplate, and southwest Japan, on the
Eurasian plate or the Amurian microplate. Al-



Status of historical seismology in Japan

I |
~45°N  130° 135°

300 km

=40°

Pacific
plate

Fig. 1. Plate-tectonic setting of the Japanese Islands. Hokkaido, Honshu, Shikoku and Kyushu are four main
islands of Japan. Arrows indicate the motions of the Pacific and the Philippine Sea plates relative to north-
east Japan roughly. Subduction boundaries of these two plates are shown by solid lines. Sgt — Sagami trough;
Srt — Suruga trough. As for the continental plates and the boundary between them (broken line), see text. K and
E denote two old capitals, Kyoto and Edo (now Tokyo), respectively.

though the plate geometry and kinematics of
these two blocks remain controversial, there is
general agreement that these two parts of Japan
have been converging with each other in an
east-west direction at the rate of 1 to 2 cm/yr,
roughly, since the late Pliocene or the early
Pleistocene, and that the juvenile convergence
boundary between the two plates runs along the
west coast of northeast Japan and crosses the
middle of Honshu toward the Suruga trough.
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The Philippine Sea plate is being subducted
beneath the southern part of northeast Japan
(Tokyo metropolitan area and its vicinities) and
beneath southwest Japan. The convergence di-
rections and rates are north-northwestward and
about 3 cm/yr at the Sagami trough, and west-
northwestward and 4 to 6 cm/yr at the Suruga-
Nankai trough and the Ryukyu trench. The Pa-
cific plate is being subducted beneath northeast
Japan west-northwestward at the Kuril and
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Japan trenches at the rate of about 8 cm/yr and
beneath the Philippine Sea plate west-north-
westward at the Izu-Bonin trench at the rate of
about 6 cm/yr.

Because of these plate interactions the seismic
activity in and around Japan is very high (fig. 2).
Figure 2 shows only the shallow seismicity, but
deep seismic zones reach as deep as about 600 km
in the subducted Pacific plate and as deep as about
300 km in the subducted Philippine Sea plate
along the Ryukyu trench. All the four types of

1981/08/01-2001/07/31 (
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large or great earthquakes in terms of plate tec-
tonics in subduction zones take place in Japan
(fig. 3). They are interplate events along the sub-
duction boundaries, shallow intraplate events in
the crust of overriding plates, offshore shallow in-
traplate events in the oceanic plates, and deeper
slab earthquakes in slabs (subducted oceanic
plates). Major historical disastrous earthquakes in
Japan include great interplate events along the
Kuril and Japan trenches, Sagami trough and Su-
ruga-Nankai trough, presumably interplate events
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Fig. 2. Epicentral distribution of earthquakes of Ms 5.5 or larger and with hypocentral depths less than 60 km
in and around Japan during the period from 1 August 1981 to 31 July 2001 after the International Seismologi-

cal Center. Interval of isobaths is 2000 m.
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intraplate earthquakes

slab earthquakes (B)
shallow crustal earthquakes (C)
shallow submarine earthquakes (D)

Fig. 3. Schematic illustration of fault planes of four
types of large or great earthquakes in terms of plate
tectonics around Japan.

along the west coast of northeast Japan, large or
great shallow inland events, great intra-oceanic-
plate events far-east-off northeast Japan, and large
or great slab events within the subducted Pacific
and Philippine Sea plates. The broad seismicity
gap along the Suruga-Nankai trough delineated in
fig. 2 is the place where great interplate earth-
quakes have recurred in the past and are anticipat-
ed to occur in the near future as explained in Sec-
tion 7.1.

At present, the Japan Meteorological
Agency (JMA; called the Central Meteorologi-
cal Observatory (CMO) until 1956), which be-
longs to the Ministry of Land, Infrastructure
and Transport, has the responsibility for nation-
wide seismic monitoring and tsunami warning.

3. Periodization of Japanese history and
historical documents

All raw materials used for investigating his-
tory are called shiryo (historical sources) in
Japanese. Therefore, in principle, shiryo includes
not only written documents such as chronicles,
books, letters, diaries, memoirs and notes but al-
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so epigraphs, paintings, drawings and all kinds
of relics, remains and folklore. Conventionally,
however, the word shiryo is used to mean written
historical documents, which is the case in histor-
ical seismology as well.

The documents are commonly grouped by
major periods in Japanese history (fig. 4) and in
each period spatial coverage of written histori-
cal records depends upon the location of a po-
litical and cultural center, usually the capital.
During the Kofun (or Yamato) period (ca. A.D.
300-710), the Yamato clan rulers in southwest
Japan established the Imperial line that contin-
ues with today’s Emperor. In the Asuka and
Hakuho sub-periods of the late Kofun period
Imperial Palaces were located mostly in the
Asuka region, 55-60 km south of present-day
Kyoto (see fig. 9a). In the beginning of the Nara
period (710-794), the Imperial Court estab-
lished Japan’s first permanent capital at Heijo-
kyo (later called Nara, about 35 km south of
Kyoto; see fig. 9a) modelled on the Chinese
capital. In the ensuing Heian period (794 to
1185 or 1192) the capital had been moved to
Heian-kyo (later called Kyoto; figs. 1, 9a),
which had remained the home of the Imperial
Court until 1868. With a shift in power from the
Imperial Court to a military government in Ka-
makura, about 45 km south of present Tokyo
(see fig. 9a,b), the Kamakura period (1185 or
1192 to 1333) began. Following that period an-
other military government ruled mainly from
Kyoto during the Muromachi period (1333-
1568). Since around 1467 the period of civil
war had covered the whole country for a centu-
ry and central government had been disintegrat-
ed. Although these times of devastation came to
a close around 1600 through the reunifying
process in the Azuchi-Momoyama period (1568
or 1573 to 1600 or 1603), preservation of his-
torical records of the Medieval ages is consid-
erably poor and many historical documents of
older times are inferred to have been lost. Fi-
nally, the Tokugawa clan gained hegemony over
other feudal houses, and the Tokugawa shogu-
nate ruled Japan from Edo (now Tokyo; figs. 1
and 9a,b) between 1603 and 1867, the Edo pe-
riod. Thereafter, with the Meiji Restoration of
1868, Tokyo became both the political and the
Imperial capital, as it is today.
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Fig. 4. Periodization of Japanese history and capitals.

Japan’s earliest documents originated dur-
ing the Asuka, Hakuho and Nara periods. At
that time, the power of the Imperial government
had been strengthened and the centralized
regime based on elaborate legal codifications
following the Chinese system had been estab-
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lished. By the early part of the Heian period,
Rikkokushi (Six National Histories; including
aforementioned Nihon Shoki) (e.g., Kuroita,
1934b,c, 1935, 1951, 1952), strictly official his-
tories written in classical Chinese, had been
compiled by court functionaries at the Emper-
ors’ command.

The last of the six was completed in 901.
Rikkokushi covers the mythology and Japanese
history since the earliest times to 887 based on
records kept by the court, leading families, and
temples. The descriptions are basically reliable
except for the myths and legends in the early
part of Nihon Shoki. Included are many records
of earthquakes, tsunamis and volcanic erup-
tions. Although the writers were based in the
vicinity of Asuka, Nara and Kyoto, they de-
scribed large-scale earthquake disasters in
places far from Kyoto, such as Kyushu (in 679),
Kanto (district around present Tokyo; in 818,
841 and 878) and farther north except for
Hokkaido (in 830 and 850 in northwest Honshu
and in 869 east off northern Honshu) (for these
events, see fig. 9a,b).

The oldest earthquake catalogue in Japan,
though non-scientific of course, is the section of
earthquakes in Ruiju Kokushi (Classified Na-
tional History) (e.g., Kuroita, 1933b, 1934a)
compiled by Sugawara no Michizane (845-
903), an eminent court scholar, and completed
ca. A.D. 900. In Ruiju Kokushi matters record-
ed in Rikkokushi are re-edited by classifying
them into various categories. Although the ex-
isting copy of Ruiju Kokushi is less than one
third of the original, the section of earthquakes
survives. As a chronology of about 700 earth-
quakes before 887, it is invaluable because it
mentions events from parts of Rikkokushi that
have been completely lost.

Since Rikkokushi, Japan has had no official
national histories in the strict sense. Historical
source materials after 887 are various chroni-
cles compiled by scholars, temples, feudal lords
and military governments; fragmentary records
and diaries of the Imperial Court, temples,
shrines and military rulers; and diaries, biogra-
phies, essays and letters of court nobles, priests
and warriors. Since after the middle of the
Heian period until the end of the Edo period,
many diaries were written by court nobles and
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Fig. 5a-c. Meigetsuki, diary of Fujiwara no Sadaie (1162-1241), a court noble and a great poet, as an example
of Japanese historical documents. a) Photo of the national treasure original script (reproduced from Reizeike
Shiguretei Bunko (2003) by courtesy of Reizeike Shiguretei Bunko). The bar in the upper part indicates the part
of the 5th day of the 2nd month of the 1st year of Tenpuku (17 March 1233 in the Julian calendar), which is re-
ferred to in Section 7.3 of the text. b) Faithful reprint of the bar-indicated part in (a) by types. Note that this di-
ary is written in Chinese, which is rather usual in the Ancient and Medieval ages. ¢) Type print of the Japanese
reading of (b) by the combination of kanji (Chinese character) and kana (Japanese alphabet). The sentences are
still archaic style and rather difficult for modern Japanese people to understand.

priests in and around Kyoto, and many of them
survive mostly in forms of hand written copies.
For some of them, however, the original scripts
have been preserved as national treasures. Fig-
ure 5a-c shows one example, which is referred
to in Section 7.3.

After the age of Rikkokushi, events in north-
east Japan, including the present Tokyo metro-
politan area, were sparsely recorded before the
Edo period, except during the Kamakura peri-
od. The Kamakura shogunate compiled Azuma
Kagami (e.g., Kuroita, 1932, 1933a) as its offi-
cial history from 1180 to 1266, which contains
many records of earthquakes.

During the Edo period of long-term peace and
stability, economic and cultural developments of
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Japan created mountains of primary documents,
not only in the ruling class but also among the
commoners of burgeoning cities and taxed vil-
lages. These documents include official histories,
records and diaries of the Tokugawa shogunate;
histories, chronicles, records and diaries of 250-
or-so regional lords; numerous records, memo-
randa, letters and diaries by urban merchants and
leading farmers in villages; and private writings
of various kinds among the ruling warrior class.
Because of national isolation under the
Tokugawa shogunate, Japan had little contact
with the West except for The Netherlands for
more than two centuries during the Edo peri-
od and left behind the progress of modern sci-
ence and technology. Instead, however, bibli-
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ography, historiography, national and local his-
tory had been highly developed, many Ancient
and Medieval documents were transcribed or
published in wood-block prints, and thus rather
plentiful high-quality data had been prepared
for the historical research that followed the
Meiji Restoration.

Thus, an enormous quantity of historical
documents is available throughout Japanese
history. However, the spatial and temporal
record densities are very inhomogeneous.
While seismologists tend to discuss tectonic
reasons for the remarkable temporal change in
seismicity as is shown in fig. 6, such as the na-
tionwide high seismicity in the 9th century, the
apparent temporal variation in seismicity is ba-
sically a faithful reflection of the historical
source inhomogeneity explained so far.

In 1963-1976 Kokusho So-mokuroku (All-
inclusive Catalogue of Japanese Writings; in
nine volumes)(Morisue et al., 1936-1976) was
published by Iwanami Shoten Publisher in
Tokyo. It was the results of a nationwide census
of historical documents that was made with the
cooperation and assistance of the country’s
leading scholars since 1939. It catalogues
more than 500 000 books and writings writ-
ten by Japanese since the earliest times of his-
tory to 1867. Included is basic information on
each entry: title (including the transliteration
of potentially ambiguous Chinese charac-
ters), length or number of volumes, classifi-
cation by document type, author or editor
where known, date of completion, the various
manuscripts or printed editions, and the li-
braries, archives, temples and private houses
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Fig. 6. Number of destructive earthquakes in every ten years since A.D. 590 through 1999 in Kyoto and vicin-
ity, the Kamakura area, the Edo (Tokyo) area and other areas in Japan based on table 3-1 in Usami (2003).
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where they can be found. This is an indispen-
sable tool for historical sciences of Japan in-
cluding historical seismology.

Today, most major historical source materi-
als, especially in the Ancient and Medieval
ages, are available in type-printed books pub-
lished through careful and critical collating
with the most reliable extant copies.

4. Brief history of historical seismology
in Japan

4.1. Dawning of seismology

In 1854 Japan was forced to open its door to
the West by successive demands by the United
States, Great Britain and Russia. Ensuing polit-
ical convulsions brought down the Tokugawa
shogunate; a new Imperial government was
formed in the Meiji Restoration of 1868. The
new government spurred rapid modernization,
or Westernization, under the slogan of «enrich
the country and strengthen the military». Im-
porting and promoting Western science and
technology became national mandates. Japan-
ese seismology began in this context.

Early in Meiji era (1868-1911), the Japan-
ese government invited Western experts to work
as advisors or teachers in various fields. Some
in science and engineering were surprised by
and became much interested in the frequent
earthquakes felt in Tokyo. These circumstances
promoted efforts to measure earthquake ground
motion accurately by instruments and to learn
about the space-time distribution of past earth-
quakes in the Japanese Islands. By chance, on
22 February 1880 the Yokohama earthquake of
M 5.5-6.0 took place causing slight damage in
Yokohama (roughly 30 km south-southwest of
Tokyo) and Tokyo, and the Seismological Soci-
ety of Japan, the world’s first academic society
of seismology, was established on April 26 in
that year.

Around this time the first scientific studies on
earthquake history in Japan were published by
Hattori (1878), a Japanese, Naumann (1878) and
Milne (1881) (see Usami, 1979, 1988, 2002b). A
little later, apart from them, Ogashima Hatasu, a
government official in mining, edited without
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any help a set of comprehensive chronological
tables of 13 kinds of natural disasters in Japan
since ancient times to 1885 including earth-
quakes and volcanic eruptions. After his death at
age 35, it was published as a book (Ogashima,
1894) that had been conveniently referred to for
a long time because it contains original records.
Here, we should note that most data used for all
these works had been well prepared in the Edo
period as mentioned in the previous chapter.

4.2. Compilation of historical earthquake
documents

In 1892 the Imperial Earthquake Investiga-
tion Committee (direct translation of the Japan-
ese name is Board of Investigation for Prevent-
ing Earthquake Disaster) was established with
the 1891 Nobi earthquake, a great inland event
of M; (magnitude assigned by JMA; see Sec-
tion 5.6) 8.0 in central Japan with more than
seven thousand dead, as a momentum. One of
the 18 purposes of the Committee was to inves-
tigate historical earthquakes and to compile
earthquake history. Tayama Minoru was ap-
pointed as a part-time member of the Commit-
tee for compilation of historical earthquake
records. In 1904 the achievements of his efforts
was published from the Committee as Dai-Ni-
hon Jishin Shiryo (Collection of Historical
Documents on Earthquakes in Great Japan)
(Tayama, 1904a,b) in two volumes with an at-
tached earthquake catalogue (Tayama, 1904c).
Then, Omori (1913, 1919) made descriptive
catalogues of Japanese large earthquakes.

Concerning this work, only efforts on the
seismology side have been explained so far (e.g.
Usami, 1979, 1988, 2002b). However, it should
be emphasized that the work must have owed
very much to the national project of collecting
and compiling all historical documents in Japan
after Rikkokushi thoroughly, and this project,
again, was indebted a great deal to the historio-
graphical fruits during the Edo period. Tayama
was, at the same time, a non-regular member of
Shiryo Hensan-kakari (Department of Compi-
lation of Historical Materials) attached to the
College of Literature of Tokyo Imperial Univer-
sity (now, Historiographical Institute (HI) of the
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University of Tokyo) which has been continu-
ing compilation and publication of Dai-nihon
Shiryo (Collection of Historical Documents in
Great Japan) (Historiographical Institute of the
University of Tokyo, 1901-) as the national
project. In a sense, Dai-nihon Jishin Shiryo is a
part of Dai-nihon Shiryo, which basically fol-
lowed Shiryo (Historical Materials), unpub-
lished manuscripts in the late Edo period edited
by Hanawa Hoki’ichi, a great scholar on Japan-
ese classics blind from the age of five, by the
support of the Tokugawa shogunate.

Based on Tayama (1904a,b), Omori (1913,
1919) and other investigations on historical and
post-1872 earthquakes, Imamura (1925) made a
compact «Chronological Table of Large Earth-
quakes in This Country» which was contained
in Rika Nenpyo (Chronological Scientific Ta-
bles) No. 1. Although the Table gave only oc-
currence dates in the Japanese and Western cal-
endars, names of damaged places and brief de-
scriptions of damage for 312 earthquakes in-
cluding Korean and Formosan ones, a map
showing epicenters of 82 events was attached.
This Rika Nenpyo and the Chronological Table
of Large Earthquakes in Japan have been pub-
lished every year since then, except for 1944-
1946 during World War II. The Table has been
revised and updated by several seismologists
from time to time and widely referred to.

4.3. Enrichment of historical seismology

The 1923 great Kanto earthquake of M,, 7.9,
which caused more than 140 000 deaths in
Tokyo and vicinity, spurred the founding of the
Earthquake Research Institute (ERI) of Tokyo
Imperial University. It was established in 1925,
replacing the Imperial Earthquake Investigation
Committee.

In 1928 Musha Kinkichi, a high-school ge-
ography and English teacher, was asked by the
director of ERI to revise and enlarge Tayama’s
(1904a,b) Dai-nihon Jishin Shiryo. Musha de-
voted himself to this avocation enthusiastically
with almost no direct help or financial support.
In a very difficult situation during World War 11
his accomplishment was published in mimeo-
graphs as three volumes of Zotei Dai-nihon
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Jishin Shiryo (Collection of Historical Docu-
ments on Earthquakes in Great Japan, Enlarged
and Revised Edition) in 1941 and 1943 by the
support of the Japan Society for the Promotion
of Science (Musha, 1941, 1943a,b). The fourth
volume was published after the end of World
War II in 1945 by the help of Mainichi News-
papers Company as Nihon Jishin Shiryo (Col-
lection of Historical Documents on Earth-
quakes in Japan) (Musha, 1951).

Imamura (1937) made another map of epi-
central distribution of large earthquakes in
Japan (fig. 7) based on the table of severe earth-
quakes during 1596-1935 prepared by himself.
It is noteworthy that in this map epicentral areas
are shown for larger earthquakes instead of epi-
central points. We can see from this map that
the major seismic belts in and around Japan had
been already recognized by Imamura.

A remarkable fruit of historical seismology
in Japan in the 1930’s and 1940’s is the forecast-
ing of great Tokai and Nankai earthquakes,
which will be described in Section 7.1, made by
Imamura (1933, 1943). Imamura had understood
correctly the characteristics of recurrence of
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Fig. 7. Epicentral distribution of severe earthquakes
in Japan since 1596 till 1935 as given by Imamura
(1937, fig. 80).
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great earthquakes along the Pacific coast of
southwest Japan, which is now explained as due
to the subduction of the Philippine Sea plate,
based on the study of historical earthquakes and
contemporary interseismic and past coseismic
crustal deformations. Imamura considered that
the Tokai and Nankai earthquakes were immi-
nent and asked the authority concerned to con-
duct repeated precise leveling surveys along a
new line in the Tokai district and founded a
crustal activity observatory for seismic and tide-
gauge observations in the Kii Peninsula (see fig.
11) at his own expense. On 7 December 1944
the Tonankai earthquake (western half of the
Tokai earthquake; see fig. 11) of M,, 8.1 took
place causing more than 1000 deaths and miss-
ing persons. The leveling survey near the epicen-
tral region was just being carried out at the time
of the earthquake, and the probable short-term
precursory vertical crustal movement was detect-
ed. Imamura judged that the Nankai earthquake
would follow soon and urged the persons con-
cerned to make every effort to realize short-term
prediction. However, due to the shortage of ma-
terials by the complete defeat of World War I,
observations could not be made sufficiently, and
on 21 December 1946 the Nankai earthquake of
M,, 8.1 occurred causing more than 1400 deaths
and missing.

Kawasumi (1951) presented a catalogue of
342 large earthquakes in Japan from A.D. 599 to
1949, which gave for the first time estimated
epicenter coordinates (latitude and longitude in
0.1 degree) and magnitudes for most events. The
magnitudes were Kawasumi’s (1943) magni-
tude M, which was defined as the JMA seismic
intensity at an epicentral distance of 100 km.
Kawasumi (1951) derived an empirical formula
for obtaining Richter magnitude M from M as

M =4.385+0.5 M.

Richter magnitudes thus obtained for historical
earthquakes were first printed in the table in Ri-
ka Nenpyo in 1952 by Kawasumi’s editing.

4.4. New trends

Around the mid-1970’s, historical seismolo-
gy in Japan started to make more progress.
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Ishibashi (1987) summarized marked tenden-
cies of new trends as follows:

1) A huge amount of historical earthquake
documents of high qualities which had been un-
known to seismologists has been intensively
collected from all over the country and pub-
lished elaborately.

2) Interdisciplinary collaboration among
seismologists, geologists, geomorphologists,
and, especially, historians increased.

3) Critical reading of historical earthquake
documents, minute inquiries into historical
backgrounds at the times of earthquakes, efforts
to evaluate seismic intensities from historical
descriptions as objectively as possible, and
quantitative treatment of seismic intensity data
for estimating proper epicenters and magni-
tudes.

4) Methods of paleoseismology such as ge-
ological and geomorphological investigations
of fault displacements, uplifted marine terraces,
tsunami deposits and archaeological remains
have been effectively applied.

5) Deduction of fault models, inference of
fault segments which generated particular
earthquakes, seismotectonic interpretations and
discussions related to or focusing on long-term
earthquake predictions were made actively.

Concerning the above-mentioned item (1)
work of collecting new historical documents on
earthquakes was re-started by Usami Tatsuo at
ERI in 1970’s. In 1976 because of the Suruga
Bay earthquake hypothesis (Ishibashi, 1976,
1981), which claimed that a M 8-class inter-
plate Tokai earthquake in the Suruga Bay re-
gion might be imminent, the importance of his-
torical records of earthquakes aroused great
public attention and the Ministry of Education
made a special arrangement of cooperation be-
tween ERI and HI of the University of Tokyo
(Usami, 1979). In 1979 the collecting work of
historical earthquake documents was put in the
4th five-year plan of the National Earthquake
Prediction Program. The collected documents
were published as Shinshu Nihon Jishin Shiryo
(Historical Documents on Earthquakes in
Japan, New Collection) (Earthquake Research
Institute of the University of Tokyo, 1981-
1994). Tsuji Yoshinobu, at National Research
Center for Disaster Prevention at the time, also
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collected historical earthquake documents very
energetically after the Tokai earthquake issue
mainly in the region affected by the Tokai and
Nankai earthquakes with special interest in his-
torical tsunamis. He edited six thick volumes of
newly collected historical documents (e.g., Tsu-
ji, 1979a,b), but all the contents have now been
absorbed in Shinshu Nihon Jishin Shiryo.

Beginning with the second volume in 1982,
the volumes of Shinshu Nihon Jishin Shiryo
were published by the Japan Electric Associa-
tion (JEA). This association serves the electric
industry in Japan. It provided funding for publi-
cation of Shinshu Nihon Jishin Shiryo in the ab-
sence of support from the National Earthquake
Prediction Program. According to JEA, the as-
sociation has been carrying out investigation of
historical materials on earthquakes since 1981
under the leadership of Usami (Usami and Dai-
wa Exploration & Consulting Co. Ltd., 1994).
For the electric-power industry, historical earth-
quakes are important in site selection and seis-
mic design of nuclear power plants. Because
Japan’s national energy policy mandates the de-
velopment of nuclear power, the country has 52
operating reactors among 16 commercial nu-
clear power stations, all along coastlines, and
additional plants are planned or under construc-
tion. Thus, although most Japanese seismolo-
gists seem to be unaware of the situation, histor-
ical seismology in Japan owes much to financial
support by the country’s nuclear power develop-
ment policy and to the resulting industry.

In the late 1970’s a small interdisciplinary
research group of ko-jishin (old earthquakes,
paleo-earthquakes) started up activity. It contin-
ued detailed critical studies on selected histori-
cal earthquakes contained in Rika-Nenpyo’s
Table and Usami’s (1975, 1987) books (Hagi-
wara et al., 1982, 1989, 1995). On the other
hand in 1984 the first informal meeting of re-
search group of rekishi-jishin (historical earth-
quakes) was held. The meeting, in which any-
one interested in historical earthquakes could
talk, had been held every year and collection of
presentations had been published in annual bul-
letin Rekishi-jishin. In 2000 the group was re-
formed to a membership system of Rekishi-
Jjishin Kenkyu-kai (The Society of Historical
Earthquake Studies).
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The tragic disaster with more than 6400
deaths due to the 1995 Kobe earthquake
(M;7.3, M, 6.9) changed the national regime of
earthquake investigation, earthquake disaster
mitigation and earthquake prediction research
drastically. Very dense networks of high-sensi-
tive, or broad-band, or strong-motion digital
seismometers and GPS stations have been de-
ployed, investigation of active faults and re-
search on strong ground motion have been
greatly intensified. Historical seismology, how-
ever, has not been included in this intensifica-
tion. This is probably because the real situation
of Japanese historical seismology is not well
understood by most seismologists and the au-
thority concerned; many people may have
imagined that historical earthquake investiga-
tion had been completed with Usami’s (1987,
1996) catalogues.

5. Methodology of historical seismology
in Japan

Historical seismology is seismological ob-
servation and analysis of historical earthquakes
not by seismograms but by historical materials.
There are two main objectives in this study.
One widely accepted, is to reconstruct histori-
cal seismicity in the study area finally estab-
lishing historical earthquake catalogues. The
other, I would like to emphasize, is to widen the
observation time window of seismology to look
for new seismic phenomena which are scarcely
observed within the current very short instru-
mental period. Therefore, although the basic
knowledge of modern seismology is an indis-
pensable background of historical seismology,
we should be free from a conventional view of
current seismology; in older times extraordi-
nary phenomena may have happened. In this
sense historical seismology is full of dreams for
younger seismologists.

Historical seismology is an integration of
historiography and earthquake science. The pro-
cedure of observing and elucidating a certain
historical earthquake is as follows (Ishibashi,
1995b).

1) Collecting all available historical docu-
ments on the target earthquake by judging that
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each document describes the same event of the
same occurrence time

2) Rejecting unreliable records by careful
and critical examination of each document from
the viewpoint of historiography

3) Extracting historical facts on the earth-
quake by reading and examining selected
records very carefully from the both viewpoints
of historical and earthquake sciences

4) Revealing true earthquake effects such as
ground motion, coseismic crustal movement,
surface rupture, tsunami, felt aftershocks and so
on from the extracted historical facts in terms of
earthquake science

5) Obtaining a seismological summary of
the earthquake including origin time (date and
time), magnitude, seismic intensity distribution,
epicenter or epicentral area, focal depth, fault
model, rupture process, and seismotectonic im-
plication through seismological interpretation
of revealed phenomena.

In Japan, step (1) has been pursued inten-
sively for all historical earthquakes since the be-
ginning of historical seismology as explained in
the preceding chapter. Step (2), on the contrary,
has been paid no attention to at all in the main-
stream, although several researchers have come
to consider this step seriously in recent years.
Neither has step (3) been performed rigorously.
Concerning steps (4) and (5), although they
have been more or less conducted for all histor-
ical earthquakes, the conventional procedure has
not necessarily been systematic among re-
searchers. Under all these circumstances there
still remain various errors as mentioned later
even in the latest catalogue of historical earth-
quakes. And there are some problems peculiar to
Japanese historical seismology as follows.

5.1. Calendar and dates

Until the Gregorian calendar, a solar calen-
dar being used worldwide, was adopted on 1
January 1873 (the 3rd day of the 12th month of
the 5th year of Meiji; Usami’s (1979) descrip-
tion is incorrect), the Japanese had been using a
lunar calendar. The feature of the traditional
Japanese lunar calendar, essentially different
from the Western solar calendar, is a close cor-
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respondence between civil and natural months
and an inexact correspondence between civil
and natural years.

In historical seismology in Japan dates of
occurrence of earthquakes are usually converted
into the solar calendar. But, one problem exists
that almost all works in the Japanese historical
seismology so far, including Musha’s (1941,
1943a,b, 1951) and Usami’s (1975, 1987, 1996,
2003) books and the catalogues in Rika-nenpyo,
have adopted the Gregorian calendar throughout
historical times, whereas the Julian calendar had
been officially used until 4 October 1582.
Hayakawa and Koyama (1997) and Koyama and
Hayakawa (1998) pointed out this problem and
recommended using the Julian calendar before
October 1582 because of the importance of
global study of large-scale volcanic eruptions,
tsunamis and earthquakes. Ishibashi (1998b,c,
1999b), for example, followed this recommen-
dation. Utsu (1990) had already adopted the Ju-
lian calendar before this recommendation. How-
ever, Usami’s (2003) catalogue, which is regard-
ed as the most authoritative one in Japan, does
not use the Julian calendar, which Usami (1986)
regards as less convenient than simply applying
the Gregorian calendar throughout Japanese
earthquake history.

Era names (nengo or gengo) determined by
Emperors have been used in Japan continuously
since 701 up to now following the old Chinese
system. While some Emperors reigned under on-
ly one era name, especially since 1868 Emperors
Meiji, Taisho, Showa and present Heisei, most
Emperors in older times changed era names rather
often during their reigns for various superstitious
reasons, in which large-scale earthquake disasters
were important. Before Taisho a new era name
was applied to the whole calendar year during
which the change was made. For example, great
interplate Tokai and Nankai earthquakes took
place successively on the 4th and Sth days of the
11th month of the 7th year of Ka’ei (23 and 24
December 1854) devastating almost the western
half of Japan and the era name was changed from
Ka’ei to Ansei on the 27th day of that month; then
the earthquakes have been called the Ansei earth-
quakes or Ansei Tokai and Nankai earthquakes.

Since almost all era names are written with
two Chinese characters and some of them re-
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semble each other, low-quality historical docu-
ments sometimes have errors in writing. For ex-
ample, on the 4th day, 10th month, 4th year of
Ho’ei (28 October 1707) the great Ho’ei earth-
quake occurred along the Pacific coast of
southwest Japan causing catastrophic disasters;
several documents contained in Musha (1941)
describe that a large earthquake took place on
the same date of the 4th year of Kan’ei (11 No-
vember 1627), which can be judged to be mis-
takes between Ho’ei and Kan’ei by careful ex-
amination. We should note, however, it is diffi-
cult to know such a mistake if the number of
documents is not enough to judge. Japanese
people have been using a sexagenary cycle
(kan-shi) to enumerate years and days follow-
ing the Chinese classical system, which was
used very commonly in the period of historical
earthquakes. The system is the combination of
10 stems (kan) and 12 branches (shi), each of
which is represented by one particular Chinese
character, and the cycle repeats every 60 years;
for example, the 4th year of Ho’ei (mostly
1707) was the year of fei-gai, and the next fei-
gai year was the 4th (this 4th is just a coinci-
dence) year of Meiwa (mostly 1767). This sys-
tem is helpful in checking the reliability of his-
torical records by examining, for example, the
self-consistency of the expression of the year.

5.2. Time of day

The Japanese system for telling the time of
day was completely different from the present
one before the adoption of the solar calendar in
1873. There were two different systems. One
divided a day into 12 even parts and assigned
12 branches of the sexagenary system. The oth-
er divided the periods from sunset to sunrise
and from sunrise to sunset into six equal parts,
respectively; the duration of one part is differ-
ent between daytime and at night even on the
same day and different according to seasons. In
the Ancient and Medieval ages the former
equally-dividing system was officially used in
the Imperial Court, but in the Edo period the
latter unequally-dividing system was common-
ly used. Often, one part of roughly two hours
was divided into two or three intervals.
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According to Nihon Shoki, a kind of water
clock made by the Emperor was used in 671 for
the first time as the standard for telling time to
people. It is said that a Western mechanical clock
was first introduced to Japan in 1551; Francisco
de Javier, a Jesuit missionary, presented it to a
feudal lord in the western Honshu. A small num-
ber of pendulum clocks of Huygens’ invention in
the latter half of the 17th century were brought in-
to Japan during the national isolation in the Edo
period, and based on them original pendulum
clocks compatible with the unequally-dividing
time system were developed. They were used
among upper classes in the late Edo period. Com-
moners, however, knew time by their own sense
or by hearing bells or drums sounded in castles,
temples or special towers in towns, whose time
control was not accurate.

In any case, the timing system for the Japan-
ese historical earthquakes is not good; the error
may exceed about 30 minutes for the occur-
rence time of an earthquake even in the best
condition. The beginning of a new day, mid-
night or dawn, was not standardized in histori-
cal times, so we should be careful in identifying
the date from historical records.

5.3. Place names

Since Japan has not experienced complete oc-
cupation by foreign countries except after World
War II, there is no significant problem of drastic
change of place names. Of course many place
names have been changed since ancient times, but
scholars and dilettantes have investigated this
matter minutely, especially since the Edo period,
and now we have many excellent dictionaries of
place names. A recent major problem is that small
place names in local communities have been van-
ishing rapidly in the last few decades, which
makes it very difficult to know from historical
records, for example, how far into a certain vil-
lage a historical tsunami reached.

5.4. Seismic intensity scale in Japan

In Japan a seismic intensity scale was first
introduced in 1884, which was a four-degree
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Table I. JMA seismic intensity scale 1949.

Slight. Extremely weak shocks felt only by persons at rest or by those who are very sensitive to earth-

Rather strong. Slight shaking of houses and buildings, rattling of doors and Japanese sliding doors

Strong. Strong shaking of houses and buildings, overturning of unstable objects, and spilling of liquids
out of vessel. Felt by walking people outdoors, and many people inside rush outdoors. Considerable

Very strong. Cracks in the walls, overturning of gravestones, stone lanterns etc., damage to chimneys

Disastrous. Collapse of less than 30% of all houses, landslide, and fissures in the ground. Most people

Scale Explanation
0 No feeling. Shocks too week to be felt by humans, registered only by seismographs.
1
quakes.
2 Weak. Shocks felt by most persons, slight shaking of doors and Japanese sliding doors (shoji).
3
(shoji). The water surface of a vessel can be seen to ripple.
4
swinging of hanging objects such as light bulb.
5
and stone fences.
6
cannot stand.
7

Very disastrous. Collapse of more than 30% of all houses, intense landslide, large fissures in the

ground, and faults.

After Earthquake Research Committee, Headquarters for Earthquake Research Promotion, Prime Minister’s Of-

fice, Government of Japan (1998).
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Fig. 8. Comparison among seismic intensity scales of JIMA (of 1949; see text), MM (Modified Mercalli) and
MSK (Medvedev-Sponheuer-Karnik) (after Seismological Division of the IMA, 1971).

scale (e.g., Seismological Division of the JMA,
1971). Through several changes since then, the
JMA seismic intensity scale 1949 of eight de-
grees (table I) was adopted in 1949. Except for
the maximum intensity, 7, which was added af-
ter the disaster of the 1948 Fukui earthquake
(M, 7.1), this scale can be regarded as the same
as preceding scales since around 1898.

On 1 April 1996 the definition of the JIMA
seismic intensity scale was changed; seismic
intensity is to be determined based on the in-
strumental seismic intensity measured by spe-
cial seismic intensity meters. Moreover, on 1
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October 1996 intensities 5 and 6 were divided
into two ranks, 5 Lower and 5 Upper, and 6
Lower and 6 Upper, respectively. In the Japan-
ese historical seismology, however, we can
consider that intensity evaluation has been
done by referring to the JMA seismic intensi-
ty scale of 1949. The comparison between this
scale and other scales used in the world is
shown in fig. 8.

It is noteworthy that all local weather sta-
tions belonging to JIMA (CMO until 1956), as
well as many local offices assigned, have been
reporting seismic intensity systematically since
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1885 and that the CMO/JMA has been publish-
ing the data in bulletins. This is a valuable data
set for historical seismology as well in that
many examples of dense seismic intensity dis-
tributions are available for instrumentally locat-
ed earthquakes all over Japan. Based on this da-
ta set Utsu (1989) compiled seismic intensity
maps for large earthquakes (M = 6) and damag-
ing earthquakes in Japan for the period between
1901 and 1926.

Usami and Collaborators (1986) prepared a
tentative table for evaluating seisimic intensi-

ties for historical earthquakes during the Edo
period based on various phenomena including
damage of temples, shrines, stone walls, cas-
tles, cultivated fields, roads, bridges, and so on,
but it has not yet been used by other researchers
widely. The standard guidelines for estimating
seismic intensity in the Ancient, Medieval and
Early Modern ages of Japan have not yet been
established, and for the same historical record
the seismic intensity has been sometimes over-
estimated or underestimated according to re-
searchers.

D
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Fig. 9a. Epicentral distribution of destructive earthquakes in Japan since the beginning of history till 1872
shown in Usami (2003) (western part of Japan). Historical capitals have been added: A — Asuka; N — Nara;
K — Kyoto; Km — Kamakura; E — Edo (present Tokyo). Reproduced from Usami (2003) with slight modification

by courtesy of the author.
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5.5. Epicenters and focal depths

Generally, epicenters of historical earth-
quakes in Japan have been given as macroseis-
mic epicenters, centers of isoseismal maps, un-
der an implicit assumption that focal depths
were shallow. In many cases, however, this may
not be the case because many large earthquakes
in Japan occur at deeper places off the Pacific
coast or within the Pacific and the Philippine
Sea slabs. Recently, epicenters of historical
earthquakes with some particular features have

been estimated by comparing their features in-
cluding isoseismal maps with those of instru-
mentally well-located earthquakes. For exam-
ple, the 1772 earthquake in northeast Japan had
been considered to be an offshore event of M
7.4 in Usami (1975), but owing to the occur-
rence of the 1987 slab earthquake of M; 6.6
with focal depth of 72 km just beneath the Pa-
cific coastline of northeast Japan, Usami (1996)
relocated the 1772 epicenter near the coastline
(see fig. 9b) and changed M to 6 + 3/4 = 1/2 be-
cause the feature of the damage distribution of
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Fig. 9b. Epicentral distribution of destructive earthquak

es in Japan since the beginning of history till 1872

shown in Usami (2003) (eastern and southwesternmost parts of Japan). Historical capitals have been added:
Km — Kamakura; E — Edo (present Tokyo). Reproduced from Usami (2003) with slight modification by cour-

tesy of the author.
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the 1772 event resembles that of 1987 (Usami,
2002b, full Ms).

In some cases characteristics of ground mo-
tion such as predominant periods and duration
times and presumable aftershock activities are
also important for estimating earthquake types
(see fig. 3) and hypocenter locations. One ex-
ample is the 13 June 1648 earthquake. Usami
(1987, 1996, 2002c, 2003) estimated its magni-
tude at 7.0 and epicentral coordinates at
139.2°E, 35.2°N (fig. 9a), which is identical to
those of the 1633 Kan’ei earthquake of M about
7, one of disastrous Odawara, central Japan,
earthquakes repeating every ca. 70 years (e.g.,
Ishibashi, 1985). Ishibashi (1978), however, in-
ferred that the epicenter of this event was far
away from Odawara, somewhere far offshore,
based on the estimated seismic intensities at
Odawara (5 Lower) and at Edo (4 Upper), ab-
sence of noticeable aftershocks and long-period
ground motion at Edo revealed through critical
and careful examination of historical records.

Another example is the 1819 Bunsei Ohmi,
central Japan, earthquake of M >7 which
caused severe damage to rather wide areas
around Lake Biwa and north of Ise Bay (see fig.
9a). Though it had been implicitly regarded as a
shallow crustal event and a causative active
fault had been a main concern, Ishibashi
(1999a) paid special attention to the fact that it
had been accompanied with very few after-
shocks; among 206 historical documents on
this event, only two documents recorded two
tiny earthquakes 10 days and 15 days after the
main shock. Furthermore, by comparing the
isoseismal pattern of this event with that of the
1994 May earthquake of M; 5.2 which occurred
at a depth of 44 km within the Philippine Sea
slab beneath the Lake Biwa region, Ishibashi
(1999a) inferred that the 1819 Bunsei Ohmi
earthquake was a large slab event within the
Philippine Sea plate subducted beneath central
Japan.

Some researchers of historical earthquakes
have inquired too closely into epicentral coor-
dinates of great M 8-class earthquakes, which
is, however, almost meaningless because
source regions of great earthquakes are as
broad as 100-150 km in length, and epicenters
or hypocenters, the points of initial break, can
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be hardly known from macroseismic data. For
large or great earthquakes, estimation of source
regions, or fault planes or asperity distributions
if possible, is more meaningful. In this sense,
Imamura’s (1937) epicentral distribution map
(fig. 7) shows his great prescience.

Earthquake Research Committee in Head-
quarters for Earthquake Research Promotion in
Prime Minister’s Office, Government of Japan
(1998) shows estimated source regions for
some large or great historical earthquakes.

5.6. Magnitude of historical earthquakes

At present, in principle, magnitudes of
historical earthquakes in Japan are equivalent
to My, magnitudes assigned by the Japan Me-
teorological Agency, which were introduced
to give the same values as Gutenberg-
Richter’s magnitude (e.g., Utsu, 2002). Actu-
ally, however, a major problem is emerging
from the history of researches (e.g., Hagi-
wara, 1989).

As mentioned in Section 4.3, Kawasumi, for
the first time, assigned M of historical earth-
quakes in the Table of Rika Nenpyo in 1952; M
converted from M; in Kawasumi’s (1951) table.
Meanwhile, it had been noticed that M of about
3900 earthquakes in Japan during the period
1885-1943 obtained from M, and listed in a
JMA’s catalogue published in 1952 were unrea-
sonably large, especially for events before
1914. Utsu (1979, 1982) examined in detail
how and why these M, values were so strongly
biased. Magnitude values of historical earth-
quakes which are basically based on M, should
be re-evaluated.

On the other hand, many researchers have es-
timated magnitudes of specific historical earth-
quakes by means of the following formulas:

log S4=0.82M-1.0
(Katsumata and Tokunaga, 1971)

log Ss=M-3.2
(Muramatu, 1969)

log S = 1.36 M — 6.66
(Muramatu, 1969)
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where S; denotes the area in km® of JMA seis-
mic intensity / or larger. If we assume the area
is circular with the radius r;, then we can obtain
the following formulas, which are more conve-
niently used:

log r4=0.41 M -0.75
log rs=0.5M - 1.85
log r6 = 0.68 M — 3.58.

Magnitudes of Japanese historical earthquakes
widely used now are mixtures obtained by sev-
eral methods. Systematic re-examination is
needed. Matsu’ura er al. (1999, 2000, 2001,
2002, 2003) carried out this kind of work for
earthquakes after the late 16th century.

6. Data and catalogues of historical
earthquakes in Japan

6.1. Historical sources

Among the collections of historical earthquake
documents in Japan introduced in Section 4, Zotei
Dai-nihon Jishin Shiryo and Nihon Jishin Shiryo
compiled by Musha (1941, 1943a,b, 1951) and
Shinshu Nihon Jishin Shiryo compiled by Usami
and his colleagues (Earthquake Research Institute
of the University of Tokyo, 1981-1994) are two
main series for the current use. In principle, all his-
torical documents describing earthquake-related
matters in the Japanese Islands are thoroughly
printed in these collections faithfully to original
sentences. Therefore, if one has all these two col-
lections of 25 volumes at hand, he or she can ac-
cess all historical earthquake records in Japan
without visiting any archives nor libraries.

Zotei Dai-nihon Jishin Shiryo and Nihon
Jishin Shiryo, 4000 pages in total, added 6400-
odd earthquakes including 90 large events to their
antecedents Dai-nihon Jishin Shiryo (Tayama,
1904a,b), which contained about 2000 earth-
quakes including 156 large events. Shinshu Nihon
Jishin Shiryo, 21 volumes and 16 812 pages in to-
tal, further added numerous earthquakes and his-
torical documents.

There are, however, serious problems in these
books. One is that probably the collection is not
complete, especially for the Edo period. Hence
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Usami, for example, is very enthusiastic in fur-
ther searching for buried historical materials and
publishing them (Usami, 1998, 1999, 2002a).

The second problem is much more serious
than the first. They contain just fragments of his-
torical documents, or clippings of descriptions of
earthquakes only. And since the compilers did not
carry out any critical examination of historical
documents selection, they contain a mixture of
reliable and unreliable records. Furthermore, no
explanation of historical documents is given.
Therefore, although they are valuable, we should
regard them as a kind of index of historical
records. Users should examine each historical
document very carefully concerning the follow-
ing points; by whom, when, where, in which sit-
uation and for what purpose was the document
written, and how has it been handed down until
today. And users should go back to the original
document, see the whole text, and also examine
historical backgrounds of descriptions. Checking
contemporary reliable documents without earth-
quake description is also very important as will
be shown in Section 7.3.

The third problem is that the books are just a
huge amount of printed papers. So, full-scale uti-
lization of massive information including key
word searching is almost impossible. For effec-
tive utilization of invaluable historical earthquake
records by wide-ranging researchers and special-
ists, as well as for improvement of the quality of
the collections, construction of a full-text digital
database of all existing collections is an urgent
task as mentioned in Section 8.

6.2. Earthquake catalogues

It is widely considered that the most author-
itative catalogue of Japanese historical earth-
quakes is a series of Usami’s books, which is
both parametric and descriptive. Usami (1975,
1987, 1996, 2003) has continued publication
and revision of the catalogue of all destructive
earthquakes in Japan up to date including histori-
cal events. His latest version (Usami, 2003) con-
tains 486 historical earthquakes during the period
from 416 to 1884. For 214 events epicentral coor-
dinates (longitude and latitude) and magnitudes
are given, for 12, only epicentral coordinates and
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for 21, only magnitudes, are estimated. For each
event, basically, date in both the solar (Gregorian)
and the Japanese lunar calendar, time, place name
of source region, description and comment are
given. For lager events with severe damage rather
detailed explanations of macroseismic effects and
disaster are provided with maps, tables and
graphs. For example, the 1707 Ho’ei earthquake
of estimated magnitude 8.6, an interplate event
along the Pacific coast of southwest Japan, occu-
pies 16 pages, the 1847 Zenkoji earthquke of esti-
mated magnitude 7.4, an inland shallow event in
central Japan, seven pages, and the 1855 Ansei
Edo earthquake of magnitude about 7, an event
just beneath the capital Edo (present Tokyo), 10,5
pages. A brief English translation of this cata-
logue updated to 1995 is available in IASPEI’s
CD (Usami, 2002c). Figure 9a,b show the epicen-
tral distribution map contained in Usami (2003).

Although Usami’s (2003) catalogue is a valu-
able product of the Japanese historical seismolo-
gy, personal view and interpretation are consider-
ably presented, and not a few obviously fictitious
earthquakes and rather many doubtful events are
listed. Another handy catalogue widely consulted
by various users is Rika Nenpyo’s table intro-
duced in Section 4.2, recent version of which ba-
sically follows Usami’s catalogue.

6.3. Intensity database and isoseismal maps

Seismic intensity distribution maps and iso-
seismals of Japanese historical earthquakes
have been presented for many events by many
seismologists as their research products. But the
results are not for all historical events, nor pre-
pared by a standardized method, nor compiled

[d
\
A
A
- 4
."'"\.‘ﬁg \ [{ SN C
TS S )E o f
N/ A 5 T i
'~ Matsushiro, W L
! 6 s e '\,_-\_._'\v“'\\ ‘{!?I
i3] O 45 ke e
m*a 6 . P& 5 i4
" . 4
s 5% anmit ¥ - /
T hw? oTEB L 43 b Jas
5356 56 ’ 5 e A B ema L/ |
e oG85 ! 3R 2 LA Y T -
- ‘mmmE ) : 0 ¢ 2 N 4 ;
& I T e T N /R B L P
L W N 4 g 4 ". " R T
i5~(;';(;)saka4.‘- # ¢ ?;kn S!ngagoyg )f#za. E5 c%ﬁ-ﬁﬂ! !f Kofu K.—\'.L' e d ﬁm; ;EJ}‘—'}; - 4
% 56 ' e e N e N B 5 S
/gf/{‘” 7 5]:‘,;‘,‘.;.\-325 5. 5T6'; '? S S o "?E' oF e s Milo
4 6 / ‘ﬂl L2 k-4 ___..a ,. Q o $KiR =§ ?5~6 A KEe E ‘)
k | T’ S,
"\ 5-6e J:!TJE*" Tm. . 4~5
’smzuoka 2 e Lt \""‘,;t' P \é
h N N
" Pref. j DAY 545—'&51\7,,,,”,4
5*,}{*1.'1 He-1e
& > 7,
HR
s 2545
- 34

Fig. 10a. Distributions of seismic intensities and tsunamis due to the 1854 Ansei Tokai earthquake illustrated
by Ishibashi (1994). Seismic intensities (modified from Usami and Daiwa Exploration and Consulting Co. Ltd.,
1994) are on the JMA scale and the numerals underlined represent tsunami heights in meters (after Hatori, 1974,
1977, 1978, 1984). Chinese characters are place names.
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Fig. 10b. Closeup of seismic intensity distribution (on the JMA scale) in Shizuoka Prefecture (lower central
part of fig. 10a) due to the 1854 Ansei Tokai earthquake (modified from Usami and Daiwa Exploration and Con-

sulting Co. Ltd., 1994).

systematically. Usami and Daiwa Exploration
and Consulting Co. Ltd. (1994) made seismic in-
tensity distributions and isoseismals in a system-
atic way for almost all destructive historical
earthquakes in Japan from 599 till 1884, about
350 in all. The book, however, was not for sale
nor distributed widely.

Figure 10a,b shows the seismic intensity dis-
tributions due to the 1854 Ansei Tokai earthquake
(see fig. 11). As can be imagined through from fig-
ures, the number of intensity data points, each of
which consists of location, time, and seismic in-
tensity, should be extremely large for all historical
earthquakes in Japan, although fig. 10a,b is an ex-
ample of the most dense distribution. It is conjec-
tured that some researchers, groups or companies
have prepared kinds of databases of seismic inten-
sity for all historical events. Usami and Daiwa Ex-
ploration and Consulting Co. Ltd. (1994), for ex-
ample, prepared cards of seismic intensities at
present-day municipalities for their book accord-

ing to the explanation. However, no intensity data-
bases are open to the public use. It is a significant
future task to construct a full-scale seismic inten-
sity database of Japanese historical earthquakes.

7. Some recent results of historical
seismology in Japan

7.1. Recurrence history of great interplate
earthquakes along the Nankai trough

Great interplate earthquakes associated with
the subduction of the Philippine Sea plate have
repeatedly occurred along the Suruga-Nankai
trough off southwest Japan since A.D. 684 at
intervals of 100-200 years. The space-time pat-
tern of their recurrence has been the best-
known in the world; more detailed patterns and
related problems have recently been clarified
(Ishibashi, 1999b, 2002; fig. 11).
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These great earthquakes occurred as pairs of
M ~ 8 events, one in the eastern half (Tokai
earthquake) and the other in the western half
(Nankai earthquake), as was the case for the
1854 Ansei earthquakes, while sometimes oc-
curring as a single giant event like the 1707
Ho’ei earthquake. There are nine series of the
Tokai and Nankai earthquakes since 684 down
to 1944/1946. The keys to identifying older
events are strong ground motion and damage in
Kyoto, Nara, and Osaka, those in wider area of
southwest Japan, tsunamis along the Pacific
coasts of southwest Japan, typical coseismic
vertical crustal movements (uplift of the Muro-
to and Oma’ezaki points and the west coast of
Suruga Bay, and subsidence of the Kochi plain,
the WSW-ENE running zone across the south-
ern part of Ise Bay and the northern coast of
Hamana Lake), temporal inactivity of specific
hot springs in Shikoku and the Kii Peninsula,
and aftershock activities recorded in Kyoto.

The oldest event, the 684 Hakuho earthquake,
is described in Nihon Shoki and is judged to have
been definitely a Nankai event based on strong
ground motion and severe damage in a broad area
including the capital Asuka, tsunami, subsidence
of the Kochi plain, and interruption of welling of
hot springs in Shikoku and the Kii Peninsula. It
may have included a Tokai event simultaneously
(possibly Ho’ei type). The 887 Nin’na earthquake
was also a definite Nankai event and was proba-
bly a Tokai event as well (Ho’ei type; Ishibashi,
2000). The 1096 Eicho earthquake was clearly a
Tokai event, and the following 1099 Kowa earth-
quake was presumably a Nankai event though the
evidence is not sufficient. While a Tokai event
paired with the 1361 Ko’an (or Shohei) Nankai
earthquake had been unknown, Ishibashi (1998b)
pointed out that a big shock a few days before the
Nankai event, which had been regarded as one of
foreshock activity, should have been a Tokai
earthquake.

It is uncertain yet whether great earthquakes
occurred or not in the ca. 200 year intervals of
684-887 and 887-1096. It seems probable that
great Tokai and Nankai earthquakes took place in
the mid-13th century. Although historical records
are insufficient in those times, more minute inves-
tigation of historical seismology is required to
discover missing events (see also Section 7.3).
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In 1498, Meio era, presumably both of the
Tokai and Nankai earthquakes occurred almost
simultaneously as was the case for the 1707
Ho’ei earthquake, but still controversial (e.g.,
Ishibashi, 1998a; Tsuji and Ueda, 1997). The
1605 Keicho event was obviously a tsunami
earthquake (Ishibashi, 1983a; Yamamoto and
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Fig. 11. Space-time distribution of great interplate
earthquakes along the Suruga-Nankai trough (modified
from fig. 1 in Ishibashi, 2002). Roman and italic nu-
merals indicate earthquake occurrence years and time
intervals between two successive series, respectively.
Thick solid, thick broken, and thin broken lines repre-
sent certain, probable, and possible rupture zones, re-
spectively. Thin dotted lines mean unknown. The left
column shows Japanese era names. In the map; 1 —
Iwatsuta Shrine archaeological site; 2 — Fujinami ar-
chaeological site; Al — Awaji Island; HL — Hamana
Lake; IB — Ise Bay; Kp — Kochi plain; Ky — Kyoto; Mp
— Muroto point; Nr — Nara; Op — Oma’ezaki point; Os
— Osaka; SB — Suruga Bay; Yu — Yura. A to E are sub-
divisions of rupture zones commonly used.
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Hagiwara, 1995a); several diaries of court nobles
and priests written in Kyoto suggest no ground
shaking there. Senko-ji temple in Awaji Island is
said to have been destroyed in a secondary liter-
ature, which is probably miswriting. The reason
it was an anomalous tsunami earthquake may be
strongly related to preceding great inland events
in 1586 and 1596 (Ishibashi, 1989). The 1707
Ho’ei and 1854 Ansei earthquakes took place in
the Edo period causing widespread severe disas-
ters due to strong ground motions and tsunamis,
and an enormous number of records has been
preserved (see fig. 10a,b).

It should be noted that in the four series of
1096/1099, 1361, 1854 and 1944/1946 the
Tokai earthquake preceded the Nankai earth-
quake by 30 h to two years. In 1707, and
probably in 887 and 1498 as well, the Tokai
and the Nankai earthquakes occurred almost
simultaneously within the time resolution of
historical seismology, 30 min, or a few hours
in older times. No reliable smaller earth-
quakes of M 6~7 are known.

Because the northeastern half of the
source region of the 1854 Ansei Tokai earth-
quake has been unruptured whereas the south-
western half of it was re-ruptured in 1944 and
the interseismic crustal movement has been
remarkable since the early Meiji era, a great
interplate earthquake along the Suruga trough
has been considered to be imminent and a na-
tionwide preparedness has been strengthened
since 1976 (Ishibashi, 1976, 1981). At pres-
ent, however, recurrence of the Tonankai
(1944-type) and the Nankai earthquakes with-
in a few or several decades has also become a
nationwide concern. Thus, the current quies-
cence zone along the Suruga-Nankai trough
clearly seen in fig. 2 is one of the most dan-
gerous place in Japan in terms of long-term
earthquake forecasting.

7.2. Possible fictitious earthquakes

Since Zotei Dai-nihon Jishin Shiryo
(Musha, 1941, 1943a,b), Nihon Jishin Shiryo
(Musha, 1951) and Shinshu Nihon Jishin Shiryo
(Earthquake Research Institute of the Universi-
ty of Tokyo, 1981-1994) contain considerable
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amount of low-quality materials such as sec-
ondary literature written a long time after the
events, and critical reading of such historical
documents by seismologists has been very in-
sufficient, it is considered that even Usami’s
(2002c, 2003) latest catalogue contains at least
several fictitious earthquakes (so-called fake
earthquakes) and many doubtful events (table
II). Careful re-examinations of some of these
events have been carried out by Hagiwara et al.,
(1982, 1989, 1995) and Ishibashi (1978, 1983b,
1994, 1997, 1998c, 1999b). However, systemat-
ic discrimination of fictitious earthquakes in
catalogues as objectively as possible remains as
a future work.

7.3. The 1233 fictitious (fake) Nankai
earthquake

As an example of identifying a fictitious
earthquake, the examination of the 1233 event
by Ishibashi (1998c) is introduced below.

Usami (1996) listed the earthquake of 24
March 1233 (in the Gregorian calendar; 17
March in the Julian; 5th day of the 2nd month
of the 1st year of Tenpuku in the Japanese lunar
calendar) without epicentral coordinates or
magnitude (see also table II). Although Usami
(1996) added «Damage due to strong wind and
heavy rain? Authenticity unclear», he suggested
that this earthquake might be responsible for
the liquefaction in the first half of the 13th cen-
tury at Iwatsuta Shrine and Fujinami archaeo-
logical sites (see fig. 11), which he thought
might have been due to a great Nankai earth-
quake. Then, the government’s Earthquake In-
vestigation Committee put the 1233 earthquake
into a tentative data set of the Nankai earth-
quake for probabilistic evaluation of future oc-
currence of a great earthquake (Subcommittee
for Long-term Evaluation, 1998).

The only basis of Usami’s (1996, 2002c) in-
terpretation is Hidaka-gun-shi contained in
Musha (1941), which is a kind of chronicle
of Hidaka County of Wakayama Prefecture
in the Kii Peninsula published in 1923 and
cannot be regarded as a primary historical
source. Since the brief description in Hida-
ka-gun-shi on the 1233 event refers to
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Rensenji-ki, Ishibashi (1998c) went back to
the latter after checking the original book of
Hidaka-gun-shi. Rensenji-ki is a record
transmitted from older times in Rensenji
temple in Yura Town (see fig. 11) in Hidaka
County and was published in type in 1985 by
Yura town office.

Concerning the event in question Rensenji-
ki says «(17 March 1233 in the Julian calendar)
there was a large earthquake; enormous disaster
in many provinces due to strong wind and rain;
uncountable dead and collapsed houses in many

areas». We should note, however, Rensenji tem-
ple was founded in 1485, far later than 1233,
and Rensenji-ki started to be written in 1657,
further afterwards. So, although the record is
valuable for the province concerning the Early
Modern and Modern ages, descriptions on the
Medieval ages are generally unreliable.
Ishibashi (1998c) searched for contemporary
original records in 1233 in Kyoto, just 130 km
away from Rensenji temple, and found two di-
aries, Meigetsuki and Minkeiki, written by court
nobles. Both are published in type, while the

Table II. Possible ficticious (fake) earthquakes contained in Usami’s (2002c) catalogue.

No. Date Epicenter M Deaths Area/outline of the damage Ref.
(D/M/Y) Lat.-Long.
2/8/887 Echigo Thousands Tidal wave. 1
drowned
24/3/1233 Many countries Many Many houses collapsed by large earthquake, 2
strong storm and heavy rain.
046  22/5/1241 Kamakura 7.0 Yuigahama: worship hall behind big torii
washed away, 10 ships on coast destroyed.
054 22/11/1360 33.4-136.2 7.75 Many Tsunami hits between Kumano-Owase and 3

7/11/1433 37.7-139.8 6.7
7/12/1646 Edo

106 13/6/1648 35.2-139.2 7.0 1

158 20/12/1711 34.3-134.0 6.7

29/8/1784 Edo 6.1

1000 odd

Osaka-Hyogo shore, large damage.

Hachimangu shrine: structures collapsed 4
(doubtful).
Houses destroyed, fissures; Edo castle: 5

stone walls slightly destroyed.

Edo: tiles fall down, half of earthen walls 6
destroyed; Odawara: many houses col-

lapsed; Odawara castle: 18 m of stone walls
collapsed, tiles of towers and gates partially

fell down, walls slightly destroyed; Hakone:

1 dead by fallen rocks.

1073 houses collapsed, banks destroyed, 7
fissures, a root of a pine tree extracted,

tsunami hits 10 times; (doubtful) damages

in Takamatsu territory only.

Houses shock, tiles fell down. 8

1 — Ishibashi (1999b); 2 — Ishibashi (1998c); 3 — Yamamoto and Hagiwara (1989); 4 — Ishibashi (1983b);
5 — Ishibashi (1995a); 6 — Ishibashi (1978); 7 — Yamamoto and Hagiwara (1995b); 8 — Ishibashi (1994).
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original scripts are preserved as national treas-
ures (fig. 5a). Though both of them contain many
descriptions of earthquakes, they described noth-
ing suggesting earthquakes, strong wind and
rain, or disasters on and around the 5th day, 2nd
month, the Ist year of Tenpuku. The two diaries
also have everyday weather records, which are
consistent with each other, suggesting no stormy
day around the date in question.

Although «the absence of evidence is not
the evidence of absence», in this case we can
deny the description of Rensenji-ki by much
more reliable contemporary records, especially
by everyday weather records. Thus, occurrence
of a Nankai earthquake or any large earthquake
around Kyoto and the Kii Peninsula on 17
March 1233 in the Julian calendar is denied.

As for evidence of past liquefactions obtained
by archaeoseismology, we should note generally
that they are just evidence of strong ground mo-
tion at the sites and cannot tell where causative
earthquakes took place, or exactly when.

8. Future problems

In a review paper on Japanese historical
seismology in the framework of earthquake
prediction research (Ishibashi, 1987), I pointed
out two problems to be solved quickly for this
field to contribute more to earthquake sciences.
One was the absence of research sections and
full-time scientists having official responsibili-
ty for historical seismology. The other was the
difficulty of analyzing huge collections of his-
torical documents in book-form only. I pro-
posed 1) establishment of a new research of-
fice(s) specializing in historical seismology,
which would also be a center(s) of collabora-
tion between seismologists and historians and
for collection and maintenance of historical
records, and 2) construction of a database sys-
tem of the whole historical earthquake docu-
ments in Japan for a wide variety of researchers
and specialists using a personal computer and
CD-ROM.

At present, however, these two proposals
have not yet been implemented. As for the first
point, the present situation of the historical
seismology in Japan seems to be worse. The
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most serious problem is an extreme scarcity of
researchers in this field, especially among the
younger generation. For the study of historical
seismology, interest, knowledge and sense in
both seismology and historical sciences are re-
quired. It is very difficult, however, to culti-
vate such multi-disciplinary researchers in the
present system of education and research of
earthquake science. In this respect historical
seismology exhibits a striking contrast to pale-
oseismology, in which a certain number of
younger specialists has been continuously ed-
ucated.

Concerning the second point, discussions
and a small-scale project of constructing a data-
base of historical earthquake documents were
started following my proposal (e.g., Ishibashi et
al., 1989; Iwasaki et al., 1990; Iwasaki, 1999).
However, because of the limitation of budget,
manpower and computer ability, the project was
not successful.

Koyama (1999) pointed out basic problems
in current historical seismology in Japan as fol-
lows:

1) Insufficiency of critical examination of qual-
ity of historical documents and selection;

2) Uncertainty in estimated epicenters and
magnitudes and tectonic interpretation in Usa-
mi’s (1996) catalogue;

3) Absence of database of historical earth-
quake records;

4) Adoption of the Gregorian calendar
throughout historical times;

5) Insufficient awareness of the spatial and
temporal heterogeneity of historical earthquake
records;

6) Lack of examination into recording charac-
teristics of each historical document;

7) Insufficiency of present and future re-
searchers;

8) Misunderstanding about historical seis-
mology by researchers of neighboring fields.
Most of these points have been discussed in
this paper.

Despite these fundamental problems, basic
products of historical seismology, such as col-
lected historical records, estimated seismic in-
tensities and earthquake history in each region,
have become increasingly important for ad-
vanced earthquake studies and preparedness.
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Some recent remarkable examples include the
evaluation of spatial distribution of asperities
(short-period wave radiation zones) on the fault
planes of the 1707, 1854 and 1944-1946 great
Tokai-Nankai earthquakes through inversion of
seismic intensity data (Kanda et al., 2003) and
inference of the time and size of the 1700 giant
Cascadia, the Pacific coast of North America,
earthquake from Japanese tsunami records (Sa-
take et al., 1996, 2003; Tsuji et al., 1998). Fur-
thermore, seismic intensity maps of historical
earthquakes are keys for calibrating calculated
results of strong ground motion due to future
large events, and earthquake history in various
regions are essential for probabilistic evaluation
of future destructive earthquakes and assess-
ment of potential of active faults, all of which
are recently intensified subjects of earthquake
preparedness in Japan. Thus, offering much
more reliable and objective data and results on
past earthquakes is a serious task of historical
seismology.

Ishibashi et al. (2003) has started a research
project of constructing a full-text digital data-
base of all historical earthquake documents in
the Ancient and Medieval ages under the Grants-
in-Aid for Scientific Research by MEXT (Min-
istry of Education, Culture, Sports, Science and
Technology). Although the project term is limit-
ed to four years, we plan to critically examine all
the historical documents in the existing collec-
tions, select them, carefully emend every text
and compose a re-edited collection of all histor-
ical documents in digital form. We also aim at
interdisciplinary collaboration among seismolo-
gists, volcanologists, historians and information
scientists. Furthermore we intend to compose a
seismic intensity database compatible with the
so-called Intensity Data Points (IDP; e.g., Stuc-
chi, 1994) and containing some additional ele-
ments such as the characteristics of ground mo-
tion. So far, Japanese seismologists have uncon-
sciously considered that study of Japanese his-
torical earthquakes, methodology and procedure
themselves except obtained results, are only of
interest within Japan because of the peculiarity
of Japanese language, culture and history. How-
ever, historical seismology in every part of the
world is a global interest like other fields of
earthquake sciences.
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Ishibashi et al. (2003) are restricting the tar-
get within the Ancient and Medieval ages be-
cause historical sources in these times have
somewhat different characteristics from those in
the Early Modern ages and historical records in
the Early Modern (mostly the Edo period) are
too huge an amount to be treated by a small re-
search group. Works on the Edo period should
be done as a national project, like the large-scale
instrumental observation of current earthquakes.
Then, the result will be a great contribution to
the international earthquake study.
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