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ABSTRACT

We summarized several efforts for revision of the earthquake catalog of Japan. The earthquake catalog of the Central
Meteorological Observatory (CMO) and Japan Meteorological Agency (JMA) since 1926 contained various inhomogeneity.
The quality and content of the catalog were affected by changes related to applied hypocenter location methods, magnitude
determination formulae, adopted velocity models of the crust and upper mantle, mechanical to electrical instrument
transition, distribution of stations, operational procedures of the network and‘socio-économic conditions like World War II
and so on. To revise the catalog and to make it more uniform in quality, we made a comprehensive digital data set for
hypocenter parameters and seismic phasé readings, extended the time span of the catalog for the period from August 1923 to
December 1925 and have been relocating earthquakes after 1926. To make a comprehensive earthquake catalog of Japan,
seismic phase data of early periods that were archived by JMA and other local weather stations in a handwritten form and
seismological bulletins of universities were combined into a computer-readable digital format for hypocenter determination
_and other studies. Some of the macro-seismic observations were also unified in the data. For the hypocenter location of
each event, because of inhomegeneity in quality and quantity of data over long periods of years, we chose the most
appropriate location method among conventional least squares methods using P and S arrivals, S-P times, depth fixed
solution for some of the offshore earthquakes in consideration of timing accuracy of the data, number of available data and
depth resolution of the epicentral area. Also, epicenter-given solutions were even assigned to larger explosion earthquakes of
volcanoes. The effort for improvement is still in progress, however, we have already revised about 60% of the hypocenters
for the period from 1926 through 1960 and the remaining will be revised within a few years. The annual number of relocated
and newly determined hypocenters amounts to about 600 earthquakes.‘The revised catalog shows that prominent seismicity
patterns that are available from high precision modern seismic networks such as linear alignment of aftershocks along strike
slip faults, shape of double-planed subducting plate and migration of shallow earthquake swarms are inferable from early

periods of the data. The revised catalog will support various studies of regional seismicity and seismic hazard'analyses.

{

1. BUBIZ B, BARIGORIICER L TWEZEIRS. B

BOE TR BERIBA I N TR 130
FrEBLl, RROBAF -y NEMINTE 2. 1923
ERR B R A YK, RAEOHBERMIZT TIZ 80
HFEEAZTHE0, HRICHIMBHEASOFET

N DEBEOHBERAMICE INWTER S NZRA
Eom@Ehsnsig, MEoks, s—y0H - B
BL, R0 LoMRoBh I OJIicbRohkn
NEDORE 2R-> TS, IS5ICHERERNHBEDLU

*Meteorological Research Institute {RIFFEFT
**Sendai District Meteorological Observatory I BEX KRS

***Seismological and Volcanological Department, Japan Meteorological Agency &7 X (LIFER
**+*Ministry of Education, Culture, Sports, Science and Technology ZEfEI ¥4 (RIRTHIBAILIL)
**%*+* Association for the Development of Earthquake Prediction H1EBF 4148 S FERE S



BRERHE R EELI~25

ATOHIZ DV T HFEHEQIB)BE, HXERERE

SHBER R U EMB Y O AHERINT
W5,

BERKRDQMED S 027 & LT, 1884 FELIFHT DV
TIEE LM EERHCE D < FE3£(2003)i2 & 2 #Fit
BOAS O, HRBRIAE %D /- 1885 1 5 1925
FEFTOHMIZDONTIE, ARMEBEER SHEEHIX
SBBPHRERICE TV TER E N FH B EFEM
BICETAFEAIFOS (FREA1979) ,
12E) MRHINTE 72, BRERORARRICED

<AZ BT, 1926 SELIRE 1960 £HTIE, HEAHR

B Not (MUK SITA98)EIES) IckB Ay Dy
A%, & LT 1961 FELIIRRSUT B A BIC & 58
5070, WA Qb2 I, IR SN TS,
AN & O F A BRIV SN B, BEME
R OO feBR BERTAT 73 & B ¢ BHBIMERR O 72301 B R AT R
REBER LTV,
TNSOFTHRARE - [REFOMEN YOS,
PRGRE(1952), KRTA958), KEIT (1966) 7z &
MEDBETINTHY, HREB-LME, BERE
Fik, BREEICHNIRABORCSY, BEORES
DRF, BIEREC D RIS & R, <o
Fa—K (M) ORESE BREKGOMIHEE
DRI & > TP TS, FBAEOEE &
DEBTF -5 OH, BOEHRICES TAIKT S, dR
[EE - [T OB H & 07 DNEHHE— TR
&, TTIAN (1987) IKbEHIh TS, i
VRS & BIEREIRIC & O RE S MBI, 7
DEFNYOFCHEINTNS, £ 1952 ELUFIITD
WTH, SPERILISLO P2 S ORBIEOT— 513,
RIS B O I B & TRIRBUE I —9)Ebh T

Wiy, SHOBELSRED TWBREDI LT
CETRE, HASHARFERBEBRLDD.

1960 4 AT TR AHIE 0D £ A 73 R B RIAE
L, FRERE - KETOHAP@L Mz, 5D
BNy O/, EEMICOROMEN SO ELT
FBaNTa:. ARER, AAOMEDS DY Ok
EES, N5O7OMMEBECERT S EEE
BICHAD SN, MEH S 07 DERICEN BN
BIfE7s & ORRNL, S TRIAHRS B TIREES
NTHEST, —HoEVELABEERIE, B
BREERECIIERMSAND I ENS, INETIIH®

FHO98D).  AFFICRE ST B BERERELUA I H -

CETEEEKA BB DL THEETIEEO R Z & D X

&%, MBHYOTDHREZIDHRIIONVNTHER

L7z

2. ginEy

. SEIORETIE, [ETABYTHNSNZZERHT
mz, BFEOMBAYOSELT, BEKRINTWD
HEBRRERZBRARIERATSZ &ICLE. [QBIT
IZHW
BT, FRRE, HETOMBERAEE &%
KERERAOEL, FEMTTY, MEEORR-CHE
BB R ENH D, 1920 F{An 5 1930 ELDH
BICBT 2 ERNBRINTNEILARE - WRFTOE
#, REMTUTHOU A b % Table 1 IR, Fh&E
DEEOBEEIZ DV TIE Appendix] IS L 7. (LLi%

CRRAIELT, RAARSLATEE BREREE

EHBRE ST

Station < |Name of printed materials Period of Publication
3t i Bl i3 . [1937.1538
2 3] NOR1OK HERTREH 1928-1937(Selected)
BB AKITA BERIREH 1934-1937
B {ISHINO  ~ EBRIRES 1924-1930
fus fSENDM ERRARER 1927-1330
R YOKOHA RHENRERELHEROE) 1924-1938
ifEa KUMAGA RESNRTERRMR. HERERAN 1923-1938
iNTiR WAEBAS BERNRER 1929~1937
¥ CHOSHI ﬂ%lﬂmﬂi\!i 1926-1928
B KOFY NIEE 1933-1936
E-334 NAGANO §§We9{%$i& BERBR 1923~1933
A MATSUM EHFRIR 1923-1934
tRE 11DA 55&%5{%&@ 1923-193¢
B9 O WAXE RHRTRES 1926-1933
BEe:  |NUMAZY BERIRME, ZRHRFLREANES (X0 1923-1936
EEKRE |OMIVA BRURFMBEMEES (R0 1933-1936
SRR |GOTENB SERARFRERRNAE (R 1933-1936
5 170 BRARFHRRMRE (XX 1931Jun-1936
ARG F) [SUZAK] SRR RERERBNES 19331934
EIN HAMAMA PERELARTR 1923, 1928~1938=
2ER NAGOYA SEEARRERE (B30, E%ﬂﬁﬁ#ﬁiﬁ 1923-1938
L] GIFY HERARAW HEAKRER 1922-1938%
L TAKAYA BERIARAR, &Eﬁiizﬂ 1933-1936+
8 N11GAT EEEES. HERRRNR FHAXSGMEE 1923,1926,1936,1930
B TAKADA FAMBNRE REMEAARER 1923,1926.1929.1930
Bl TOYAMA B RIEHTER, LR RREH 1535-1939
KK FUSHIK BURARER BLRARKBH 1929-1932, 1936-1939
3 TSU EABFERTE 1930~1936 :
Zif HIKONE HERREARER 1923-1938
3] KYOTO FBEARAH 1923-1939
=¥ Wi YAZU HBHFLIREE 1927-1939
B% OSAKA KA MR RAROER 1922-1936
SR (JUR)IKASHIH FRANRER 1926-1938
JOBL [WAKAYA MRURKR AR 1923-1939 (Selected}
bl KOBE HEEEARES MBS (B 1923-1937(Except1927)
B F TOYOOK FERHERRQERES (R 1928~1937 .
A SUMOTO HEHE ARG BRBE (R 1928-1937
Y OKAYAM mmﬁﬁﬁiﬂ 1931-1835
b3 SAKAL SRR 1931-1936%
SRR HAMADA Eﬂﬂﬁ&ﬁﬁ Stﬁﬁ*iﬁ 1923-1936
=8 HIROSH LEBRR 1932-1939
FZx  {TAOTS §msﬁsmfs?a BERABHARNER 1923-1938
i3 TOKUSH ERRABER 1930-1938
il MATSUY TRAXRAR 1922-1939
FHG (AN FRAKRER 1922-1930
$E2R  [NHIHAR FREARRE 1929-1933
ot KOCH1 EAUABRFHRER FURIARFR 1927.1933.1934
=5 MUROTO BHRUEMORER 1933
AX SHIMIZ s RMRFTOR R 4933
X B ( §}€C) EE RS ﬁﬁﬁ#ﬁ% 1922-1939
ERRRRE 1927-1938
B ReE %ﬂ 19221938
RO R FH 1929-1936
REERARER 1931-1928(Selected)
ERRUBRTHETH BHRKRAR 1925-1934
ERBREARAR 1923-1938
FERRAR 1932(Jan-Mey)

*Partly missing cr lacking

Table 1 A list of printed materials that include seismic
phase data and which are archived in the library of the
Japan Meteorological Agency. The list includes materials
published by local weather stations and meteorological
observatories during the period from 1922 through 1939.
(Selected) in the period of publication means that the
materials contain phase readings of felt earthquakes only.
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P(with top bar)
PP

Notations

First preliminary tremers(longitudinal)

Mchorovicici phase(tndividual, o upper first preliminary wemors)
Wave once reflected at ihe earth's surface

< N A

YP ¥y
Wave ence reflected at the earth's surface
Long waves of the begivning of the surface phase
CGreatest moiion in the surface phase(Maximum Amplitude in principal phase)
Maxil motion in after shockings or trailers(Waves of the tzil or end portion} .
end of dicernable movement
Sudden beginning of the motion(Bistinct commencement of a phase)
Gradual beginning of the motion(indistinct commencement of a phase)
Micron, 1/1000mm
N- S component of amplitude
E- W component of amplitade
Vertical component of amplitude
Disiance of epicenter(Epicentral distance)

T
&

k4

TS T

"

EF ]
& & F

Table 2 An cxample of symbols and their notation for
interpretation of seismograms adopted by the meteorological
stations in the 1920s and 1930s.
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Fig.1 A histogram of annual number of phase data (Open
symbols) and those of phase data with amplitude readings
(Solid symbols) during the period from 1923 to 1964. A
share of data with amplitude among the total number of
phase data (in %) is also indicated by a solid quadrangle. The
data for the year 1956 is under processing and is not shown.
Variation of the share of amplitude readings through the
period may be due to the changes in the guidelines for
observational practice and condition of the network.
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Fig.2 Annual frequency of earthquakes reported by IMA
(1982) (open circles) and those relocated by the present
study. The frequency of relocated and newly located
hypocenters are indicated by solid circles and those newly
located but not confidential are indicated by open squares.
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F1g3 Monthly number of newly located earthquakes
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Numbers of newly located earthquakes are indicated by
solid circles and those of poor solutions by open squares,
respectively.
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Fig4 Seismicity map in and around Japan during the period
from January, 1924 to December, 1925. Concentration of
hypocenters in the Kanto district and the Kinki district may
be partly due to the densely distributed seismographic
stations in these regions.
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Fig.5 Distribution of the main shock and aftershocks of
the 1925 Kita-Tajima earthquake (M6.8) in Hyogo
prefecture. Although epicenters of aftershocks are not well
constrained, alignment of epicenters along the NW to SE
direction suggests strike slip faulting of the main shock
along it.
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Fig.6 Re-examination of hypocenters of the 1925
Miho-Bay earthquake (M 5.7) and its aftershocks and a
foreshock. The upper figure shows the main shock and
aftershocks of the 2000 Tottoriken-Seibu earthquake (M
7.3 open circles) together with those of the 1925
Miho-Bay earthquake (solid circles). Taking into
account larger hypocenter location errors in 1925 and
information that small aftershocks of the Miho.
earthquake were felt only in inland macro-seismic
observation points and not registered by the
seismograph of Sakai weather station, which was
located in the coastal area of Miho bay, there is a strong
possibility that the 1925 Miho-Bay earthquake took
place from the inland nucleation zone of the 2000
Tottoriken-seibu earthquake. Open squares indicate
macro-seismic observation points and Sakai weather
station. The lower figure shows a magnitude time plot
of earthquakes in the source area of the 2000
Tottoriken-seibu earthquake since 1923 and indicates
variation of seismicity for a long period of years and
forerunning upheaval of activity after the 1990s.

Fig.6 1, 2000 4 10 A 6 H SEUR AT HBOABR
CBIEEhE, 1925 7T HAHBKRELZERBOMEL
FOREE, BERELEEZHOTHS. BEUIRTETH
BOBESRTIZ, BEIC M 75 ADMBIEIHIFEL
FELTWAEZENASNTH D, KT 1990 FR41D
BN SIERLL 2D, ThS DMBOBRNREDE

BHTHEBEOMBEE—HTHIEBHSMIZNTNS
(H5140,2001). 1925 E£DHEL, KNS ERBOD
B LIEINTBY, FRAV)DAY O THER
BIIBEARDSNTWVS. L L BERRERBED
WEDN, BERVOHBOBENHIRICEFL TNWEZ

S EMSEBEMBEEDIT, ZOMETHRVWBNRET

T, BRBVWOBESKEBHEIN, BESGEH
SEREMETIE, ES5LTHERLVICRED

SERELAE, REBOBEIL, E5OFRAEL
OO, POMIHEEFLICAHLTND., k%
FEIEWERBEFR O BN bRRBI NN E I
NEVRBIC L DERBEE, NEOERFE, LEMA,

ZRRZEORNBEAFM»GWEINTNS. ZhsD
TEEEARDES L, ERBOMEII, NEICER
EEDOHBTH > HATREMAEEICEN. BRAER
~EEAEICIE S DNT NS, IO TIHIHES
MBOBEERAL LS, BROREZZIIHE~E
FHAICRE< 25, BT, ZEBOBER,
FOHDMS 7 5 ADHBEEFU L ST, 2000 £ 50
B IR DA BANE TR L - T d B alfetEAs
). Fig.6 O MT ) 5, M5 2B X 5 B IEH)Ht 1990
ERIZAS TERILLEZ EXGN D, FEDOHRAN
TRETD M7 7 5 ADHBORERMKBRZHRSD
+T, RYcEABAY O OERANERATH S
EERLTNS.

5.3 [X P R AR 0D R EE 3 0D 7 A
RABRAFOABSBE2EELAKROMELT
Fig.7 12, 1923 £HEMBEN ST BRIV 1924 NS
1937 FIZTMTTO, HIEREN ®R)IIR), BEEN
@R ROBRFEN (L) OXAERIFIN S
WEDH -7, GHRMBEOREEESHERT. KN
BHIFTE, 1930 FERUITIIBIECRIFERN TR 50 717,
BRENTIZOHFS D, TRTOBHS TEREL#
BTV S IBEPNEVA, BEORE SIS
WHEBOEBZFNBSENN VIS, BBERRIR
i, 1923 E0BEMEIC L DR L, BN ZE
BAL 72 D13 1924 S£I275 5 TS TH D, FIFHITIE BB
A O BB & K PIELRIFT D& B O A1 RE &
BN B HEMAED SN 5. Ll 1923 EREEMED
BIESRIEET 5 3 ROGRMED RAhEIE, 1924
FEn5 1927 FE T TR M N> THD,



HADBRENY 0T DHE

: 306
? 7 Kita-Izu(Mj7.3)

//fyg:mnashi}"ref.
4 0

5 2 & ¢ &

S

2 2 8 8 & %
g 8 & 2

" ‘Cumulntive Number of Felt Earthquake since 1924

1929

Fig.7 Cumulative frequencies of felt earthquakes based on
the reports of felt earthquakes from voluntary weather
observation points that were operated in Shizuoka,
Yamanashi and Kanagawa prefectures showing gradual
subsidence of aftereffects of the 1923 Kanto earthquake (M
7.9) around the focal region. Bumps on the curves in 1930
and 1931 are due to the 1930 Ito earthquake swarm,
- aftershocks of the 1931 Kita-Izu earthquake (M 7.3) and
those of the 1931 Nishi-Saitama earthquake (M 6.9)
respectively. Question marks on. the curve of Kanagawa
prefecture indicate periods of discontinuity of observations
or missing data.
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Fig.8 Yearly numbers of ecarthquakes which were
located by using P and S arrivals (solid diamond), by
using S-P times (open circles) and on the condition that
focal depth was given (open squares). Proportion of
earthquakes located by using P and S arrivals to total number
of located earthquakes increased as the observation
network was improved.
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Fig.9 A comparison of seismicity around the source region
of the 1927 Kita-Tango earthquake (M 7.3). The upper
figure shows main shock and aftershock distribution
relocated by the present study and the lower figure shows
micro earthquake activity in recent years. Thick solid lines
in the upper figure indicate active fault and coastal lines,
and thin dotted lines show other active faults and
prefecture’s border.
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Fig.10 Comparison of epicentral distribution of the 1930 Ito earthquake swarm reported by JMA (1982) on the
left, relocated by the present study on the middle and epicentral distribution of a recent earthquake swarm in
1998 located by modern densely distributed sensitive seismic network on the right. Although the relocated
epicenters are scattered around the east coast of the Izu peninsula, considering location precision at the time, the
swarm activity in 1930 might be similar to that observed in 1998, which shows tight clustering of earthquakes.

TH2H, EEAMOENEFHRD L THDSA, FEit
FRIZDOWTIEHEDEDLST, BREhTRE> -
BEbHD. LHLUEBEOKH 130 ENS 178 F L1
A, REMEOENNE WHBLED TORBTHS
ZEEEZDE, BRECKVBHEREEENKES
Nz EMNGNnD. YR, EEHRIC—FT VBTN
DB, BENSFEERSMD D, ROBEEDHE (B
) EWHRITIE, Nasu et al.(1930)/3 E BRI T
DEERBENC X BREL 1998 EDEBHOREREIC
HAREXRS BN, Bk D BHRMBEDHNEE

1930 Ito Earthquake Swarm

139° O 138° 20
) Feb.~ Apr.
@ May~ June
™M
(2]
O
M A
38" 0 9
: 2
°© a%
Q
. 28
o
¢
{/\
0 Skm /j g\
Lankddd ~
K 738° 20
Fig.11 Difference in epicentral distribution between the

February to March swarm (open circles) and the May to
June swarm (solid circles) near the Ito area in 1930. The
eastward systematic shift of the May activity relative to
the June activity may be due to migration of magma
injection occurring under the east coast of the peninsula
that is inferred from studies of recent swarm activities.
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Fig.12 Relocated foreshocks, main shock and aftershocks
of the 1930 Kita-Izu earthquake (M 7.3). While foreshocks
cluster around the main shock, aftershocks are distributed
in the north-south direction along the Tan’na fault (Thick
solid lines). Significant foreshock activity is illustrated by
the fact that the number of located aftershocks is exceeded
by that of foreshocks. '
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Fig.14 Plane view showing a comparison of seismicity
in the northern Kanto district up to 120 km focal depth for
the period from 1924 to 1937 (upper) with recent
seismicity for the. period from 1997 to 2002 (lower). Due
to larger location error, clusters of epicenters are vague in
the 1920s and 1930s but most of them correspond well to
clusters of earthquakes associated with subductions of the
Philippine sea plate and the Pacific plate under the Kanto
district, which are easily recognizable from the recent
observations. Shallow clustering in the border of Gunma
and Tochigi prefectures recognizable from the recent
results is not seen in 1920s and 1930s. The earthquake
detection capability of the period must be not enough to

_locate earthquakes of small magnitude in this region. On
the other hand, micro earthquakes are still seen by the
recent observations in around the area where the 1931
Nishi-Saitama earthquake (M 6.9) and its aftershocks are
formulated.
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Fig.15 A comparison of hypocenter plots on the vertical

. plane for the hypocenters in Figure 14. Approximate

boundaries of the Pacific plate (upper and lower) and the
Philippine sea plate (PHS) are also indicated. Detailed
structure, such as the double-planed subducting Pacific
slab is not seen from the upper plot for the period from
1924 to 1937, due to poor depth resolution of hypocenter
location. However, distinct clusters at various focal
depths correspond to the patterns recognized by the
recent observations in the lower figure.
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Fig.16 Linear alignments of aftershocks along the faults of the eleven prominent inland earthquakes that
have originated from strike slip faults showing not only temporal variation of earthquake location accuracy
through the period from 1925 to 2000, but also individual characteristics of aftershock patterns of each
earthquake. Aftershocks are plotted on the maps with the same reduced scale and with the same orientation
along the earthquake fault (bold lines). Faulting parameter is after Sato et al. (1989). Mj indicates JMA
magnitude and some names of the earthquake are abbreviated (1995 Hyogoken-nanbu — Kobe1995,

2000 Tottoriken—seibu — Tottoriken-W2000 etc.).
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Fig.17 Annual frequency of earthquakes included in the
new earthquake catalog. Annual numbers of earthquakes
(open thombus), those of M=4.0 (solid triangles), those of
M=5.0 (open circles) and those of M=6.0 (solid squares)
are respectively indicated with logarithmic scale.
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Fig.18 Yearly variation of rate of earthquakes of which
magnitudes were given among total number of earthquakes
listed in the old JMA earthquake catalog (solid symbol)
and those revised by this study (open circles)..
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