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BRCFILVETF— 22T M, #Rdi. TOBBFVEBICOWIETOTF— 5%
BimTELz L, BB LEENRE TS L, EBICHEDO~/=F . — FEE
WELIZ LR END, FLCEMENIAREBOR DT — % (ABE, 1985) L EREL
THISRD =/ =Fo—Fezxr 7% RKRCREL, TOHTSLITCEMEZITS. hb
DF—z2xLEC, M, & M, OBRFLEREME, Bii=F s — B L CENIGT%
F5. BEncikL s M, 23T 5.

2. BE~vI=F,—F M,
LEELTOMEDKREIAETDICL » & L EYRERMEE—2 v M, TH5D
chirEEOTEEY S, MEH LOFEYOTXYESE D, EORIMEEYL ¢ L LT,

M,=pDS (1)
THFEIXh B (AKI, 1966). XL, M, 5
M. .=(og M,—16.1)/1.5 (2)

CEoTE—2VLEe=27=2F.—F M, »EFHZNI 5 (KANAMORL, 1977). Z Zi& M,
DHEMIL dyn-em THhDH. MEHEDHWE< /=5 o — i, BEED 74 2 v a VY
100km *#z 2 X5 AEAKMENOKE &% BRI 2, AAMLTLE - THEDHE
hkEL bRV K LT, WEE A7 PO RALYHS DO KRESHL RDERD
M, 27O EITbIT /e big .

M, =2 M, %PET 503 BY BT X - TR S IR OB & M5 fENT
Lisidiugis s, 0 X 5 RS FIH T & 2 ORI E 2 il < huk
Bz 1960 FEELMETH » T, THUINCK & fhFRc oW QiiERL g b M, = M,
BWETHZ EN—BRCHETHD. T OEAND, ABE (1979) ERMEOUIR LT
S1etc 5T, BRMEE LTOWBELF HNERCEE U, EEE O R AIRIE O F A%
HEEWED M, LRI ABIRIH S & 5 BHilEEL B, 1830 FARLIRRCHR
FEFETHRAE LLEMEOKRE SHEIMb L. o o THA S @RI+ 58
W~ r=5.—F M, OEZHZ

M,=log H+C+4C (3)

chz bhA. o oic, H @ m) ixfiiikiisic L sk ok kKR RE, C & 4C 1k
WEERT, C=9.1 TH5. 4C offiz, HEORALGHT LB HALOBEETEHL
S, FokziE, FUCRELCHEYBARATHEIT UL 40=0.0, ~V A1 DK AN
CEPTIUE 40=0.2 LB, M, DEFRTHIc- TERI TR, 1) #
DIFEMEAHREMz L - ThE2 b2 &, () HREOERG LRI Z2HENRLED S
sk, Q) M, D M, io&byd IO fEHAYKET 52 & THDH. ZOHEC
T oC 1837 A 1974 EORICH & 72 65 HOBEKMED M, NREISh, ThbD
HICITHED K E SOEC M, BHE LK EY, Wb BRENEAFET 2 2 & bR
hi-.

M, oI ABLBE ED DR, NP R IR S iy A A6t Tl DY R i R 1814 (O
FT&5 L5 REENEUL SR (ABE, 1981b). TE/edUR AL, EHIREEOEHE
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L CRARENMEHERC S SThREAL TV 5 2 ExHEIH T, KX @) KRBT HHIE
TERE FEIE DR IREERE L WE B Loz nc o e L Th S, BRLELT, HED
=7 =F .- FORERIC LU
TR T,

M,=log H+log 44-5.80 (4)

LOCATION OF
TIDE STATIONS

ERndbe
M,=log H,~+log 4-+5.55 (5)

NEF IR, o, H, (7
m) (IR EE S O
RAERECTH D, 4 (B km)
RERERNLBMAE TOWRELD
EEEcH 2 (Fig. 1 £R).
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Fig. 1. Distribution of tide stations in Japan.
An example of measuring propagation dis-
tance is shown. The distance is measured
from the earthquake epicenter to stations
along the shortest oceanic path.
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Fig. 2. Relation between maximum Fig. 3. Relation between maximum

tsunami-wave amplitude and propaga-
tion distance for various tsunamis. H

tsunami-wave amplitude and propaga-
tion distance for large earthquakes of

is amplitude and 4 is distance.

The

lines give the relations for various
values of M..

M,=8.1-8.3. H is amplitude and 4 is
distance. The line represents the re-
lation for A,=8.2.
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Table 1. Calculation of tsunami and earthquake magnitudes.
y=tsunami magnitude; M =surface-wave magnitude; s=standard error; n=
number of observations.

YEAR | MO DY REGION M, s n M, s =n
1952 3 4 + B 8.24 0.22 13 8.33 0.19 10
1952 11 5 BAF oy B 9.03 0.17 10 8.19 0.18 9
1963 10 13 =t r 7 & 8.37 0.17 23 8.08 0.25 15
1964 6 16 OB OB W 7.92 0.16 15 7.50 0.28 17
1968 5 16 EHRBEBEF W 8.18 0.14 19 8.11 0.35 12
1969 8 12 NP S S = 8.17 0.17 26 7.76 0.22 15
1973 6 17 iz~ S 8.05 0.13 26 7.66 0.36 9
1975 6 10 S S = ] 7.88 0.13 14 6.84 0.15 7
1978 6 12 = BB W 7.42 0.20 10 7.53 0.38 24
1983 5 26 ® oH B W 8.09 0.21 19 7.66 0.29 9

* The value of M, was obtained from data in Japan, though this event occurred in
Kamchatka (ABE, 1981b).
ERFAIE T H7edic, M, BHEEBENOER X e 1890 EHE LI X 7@t
LTLRETELWD, ThiEFHoM 2 L ThH-T, WE~ 7/ =F . — FORED
BEEBEHIEALTHS. XL, SEOREESEFIRT 285612, KFEFEOX
AR D 1830 ERRF TN A L1 H B (ABE, 1979).

KRN D EE DR KIEN & EIFERE M, L & ORI OV TR A & T
FL. Fig. 2 vAh0AiekE I DEN O RAEE & GIGER & OBERERT. £H
M2 2MHEO M, w3 2R @) OBFEELTCWS. BECEIFEMIALTH-T
LEPEORMPEERIMEOKRE 1T X » TREMIE - T 5 Z ERPEXRMEREFIC L
TLIIT B DLW Ebnd, M, BMEAkoL o (XE) 3 1952 £ 11 A5 A
AT o DHUEENE (M,=9.0, M,=9.0) T#%5. Fig.8 /% M,=8.1~8.8 ® 4 ffi®
MBI K5 ARCKIRIGE & (EIREEREE DD Z RS, HHE O FEI A IRIBS M, =8.2
L7l EoR (@) TIFELIRTWHZEMbns, LLELLLDE, WED M,
DFEE LT M,=8.1 OFEFOTIWEEILTFHE LT M,=8.2 DBIFHER L b /0
BRI ST WA, D& M, & M, OFEBHEY X RLTW5. Table 1 1%
10 BoXRMEBRRIC VT M, & M, OPIRE (RERFEZE) Yl oths, -
D 10 FIOFHEEOFEENT M, < 0.17, M, T 0.27 ThHbH, M, it M, 2kt F—
ZDELDENRRLLNE N, —HICHEE DTN T O R F 1 T T L L BY R
KMol binwnd B TnWb X5 THDH, FEEICTLO L /NI & bhn
5.
M, g el o~ =52 - ¥ ThB L5 RANDH 22 (#iH, 1987),
WTOOIBEBICKH LTy WIOBNREYRTREFOZ T, HL EFTLHEFE OB O
RERELERATHELOTHS. ZO—flE LTlhizii, HEDS~ =5 .— VOl
B A B R AR E T oW T, M, B0~ =9 . —FX b
AT KERMEER DT EMNEILEER TS (ABE, 1979, 1981b). Tz, 3L AL DY
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—ARK LT MO EECHEEDORE EREHRETHL0L W 50, A OFAERR
DEREEDN D B TTRTCOPHICONTFSTHDHETWT B LIXTER.

3. BXRMEDEED M,

AARDOBBCOWT, TORKREF -2 @, 6G) Xbv M, 2FHREL, W
oK e FORET, BINETok. FEI2 Table 2 12 LD THB.

T ZCE S HARRM L itk 28~48°N, i 122~154°E OfFTH 5. = DFEIEK
RETEIES ) vO R el BFAUY G, BRAE & FEERIITE
(1982a), K&K (1982) DH;ETH # = FEHEHEBMIC I A, gL LIz 1894 £
M 1985 EETD 92 FEMTH .

Table 2 1, M, DHRE « RIEOWHATFHEH ST, 1894 235 1985 £ T 92
FHc XA RS CEE 114 Pl ERELTH 5. BEEORRLER FA L LTl
(1985) DH 2w 7T L 5T 50, ROBTHETRS. 1938 FEREBEEI O, 1952
FEhh 1958 ) T o BRI O 5 Hidk, 1972 L 1978 0 BB R O it
FINEE LT, ¥t 1961 £ 1 B 16 B 20 B 19 5 ORI O F I SEEI »
DT E S DD LW OTIRE LT\ e, iz, 1978 4E 6 A 27 BREW okt
BB X D ERCBEMER T 20 TERLTH 5.

W LCEED S BT M, %RETE L0 104 flch s, BIMLIHEOESED
7= 2 3P REHE TR ST OMER-CHE MRS e & 0 HRESE, HLIREKAS
A (1986) Dk 5 BFREEEOMRED, WEFESECHEPIEFN LR SC X 2. B
PR DG s & o DEFIC O TiE, B OEIBEREA 100 km KO T — 2 D
2t M, 23R 5% 5lnh 1o, 1914 SERBWUKFF OME S 1927 FFHEHEE, 1945
FESTE S D 10 WMo on Tk, EREKEE S 1~1.6m Kol
EHEXINTWBLO0, BYLHEET - 2203FHTET M, X IRETEeh T REDORK
PEOHIL 1982 4 12 J 28 H=FELHHHO/NEETH H, L OHEBNI L0 O
MWL 5.

F =2 DB X VAT O M, DA KRESBET ShcflE LT 1901 £ 8 A 9 H
(7.6 75 7.8), AE 8 B 10 A (7.7 b 7.2) OFHFEFHFIOFEEL ST OIS,
Fie, 1963 4£ 10 B 20 Ay PEphodE o M, 13 8.0 25 7.9 IHETE vk,
Zofbic, BERT M, 52 bhithomi DT, 1963 46 10 § 12 H=t » 7 By
e E O X 5 M, Ko bl ol b .

b D My, My, M; (21RO~ /=9 o — FChH 5. 1980 sELEDE—2 v+ o =2
=F o= FMxEELTUSGS D=—2 vt « FuyaAffic k5. M, 1% ABE (1981a,
1984) & ABE and NOGUCHI (1983) offi, Z7ix[M UFANCTE » TRD b -FmE ~
FeF.— FThbH. SEOUETICY -7 1898 FLEOTXTOMBICOWT M, %
fd B XS BHT. 1911 ERFEREE DO HEIXES 160km DFEVIMMELOT M,
BE bR, EEE~< 2 =F=2—F mp O 8.0 THS (ABE, 1981a).
KANAMORI (1972) i3 1896 £ 6 A 15 HEFRMMED M, % 7.9 LRDTW5. L
ALieA D, ZORECHEA SRR ERTOMER T, Thick s M, opgER
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Table 2. Tsunamigenic earthquakes around Japan for 1894-1985.

The format of the table is specified as follows:
YEAR, MO, DY, HR and MN: Origin time. Year, month, day, hour and minute in
JST (JST=UT+9 hours).
LAT, LONG: Epicenter coordinates. Latitude in °N and longitude in °E.
REGION: Geographic name of epicenter.
M,: Tsunami magnitude.
M, : Moment magnitude.
M,: Surface-wave magnitude.
M;y: JMA magnitude.

YEAR | MO DY | HR MN | LAT LONG REGION M | M, | M, | M;
1894 3 22 | 19 23 | 425 146.0 | B = oy | 82| — | — | 7.9
1896 1 9 | 22 17 | 36.5 141.0 | 2% 3 B ¥ | 7.8 — | — | 6.6
1896 6 15 | 19 82 | 39.5 144.0 | = F B W | 82| — | 7.4| 6.8
1897 2 20 5 50 | 38.1 141.9 | & o R ¥ | — | — | — | 7.4
1897 8 5 9 10 | 38.3 143.3 | = s B oy | 7.8 — | — | 7.7
1898 4 23 8 37 | 38.6 142.0 | = #® B W | 67| — | 7.4 7.2
1899 11 25 3 43 31.9 132.0 Oyt fh 7.0 — 7.2 7.1
1901 6 24 | 16 2 | 28.0 130.0 | ¥ Kk W | 761 — | 7.3| 7.5
1901 8 9 | 18 23 | 40.5 1425 | HHBY A | 7.8 — | 7.3 7.2
1901 8 10 3 33 | 40.6 1423 | Hmmm Ay | 7.2 — | 7.5 7.4
1911 6 15 | 23 26 | 28.0 130.0 | TEkEMHE | — | — | — | 8.0
1914 1 12 | 18 28 | 81.6 130.6 | R pBpRd | — | — | 6.7 7.1
1915 11 1 | 16 24 | 38.3 1429 | ® # B ¥ | — | — | 76| 7.5
1918 9 8 2 16 | 455 152.0 | v A, a4 | 851 — | 8.2 8.0
1918 11 8 | 13 338 | 4.5 1505 | wr, 7&h | — | — | 7.7 7.7
1923 6 2 2 24 | 359 142.0 | ¥ #, B ¥ | 74| — | 7.2]| 7.3
1923 9 1| 11 58 | 3.1 139.5 | # # % | 8.0] 7.9| 8.2 7.9
1923 9 2 | 11 46 | 34.9 140.2 | By aw | 75| — | 7.7 7.3
1927 3 7 |18 27 | 3.5 135.2 | Mm@ K gm | — | 7.2] 7.6] 7.3
1927 8 6 6 12 | 37.9 142.1 | & ¥ B oy | 6.8 — | 7.1 6.7
1927 8 19 4 27 | 34.0 1420 | Eg e e | 74| — | 6.8] 6.9
1928 5 27 | 18 50 | 40.0 143.3 | & = B g | 7.1 — | 7.1 7.0
1931 3 9 | 12 48 | 41.2 1425 | HHm By AW | 7.2 — | 7.8 7.6
1931 11 2 | 19 3 | 323 1326 | = w ¥ o | 7.8 — | 7.6] 7.1
1933 3 3 2 30 | 39.2 1445 | = = B ¥ | 8.3| 8.4| 85| 8.1
1933 6 19 6 37 | 88.1 1425 | &= ®m B ¥ | 7.1 — | 7.83] 7.1
1935 7 19 9 50 | 3.6 141.4 | 2 B W ¥ | 6.6 — | 6.5]| 6.9
1935 10 13 1 45 | 40.0 143.7 | & F & o#w | 7.2 — | 7.2] 6.9
1935 10 18 9 11 | 40.8 144.4 | HFHBWHM | 6.9 — | 7.2| 71
1936 11 3 5 45 | 38.2 142.1 | = # B ¥ | 70| — | 7.2| 7.5
1938 5 23 | 16 18 | 86.7 141.6 | % & B | 75| 7.7 761 7.0
1938 6 10 | 18 53 | 25.83 125.2 | mwgdkHWR | — | — | 7.7 6.7
1938 11 5 | 17 43 | 378 142.2 | % & B W | 7.6| 7.8] 7.7 7.5
1938 11 5 | 19 50 | 7.8 141.7 | & & B @ | 76| 7.7 77| 7.8




MR oE R 295
Table 2. (continued)

YEAR | MO DY | HR MN | LAT LONG REGION M | M, | M, | M;
1938 11 6 | 17 53 | 87.4 141.9 | & B B ¥ | 7.3| 76| 7.6| 7.4
1938 117 6 38 | 87.0 141.6 & & B v | 7.4 7.6 7.0] 6.9
1938 11 14 7 31 | 87.0 141.5 & B oW | 7.1 — | 7.00 6.0
1938 11 22 | 10 14 | 86.7 142.1 | % | B Yh | 67| — | 6.6| 6.9
1938 11 30 | 11 29 | 87.0 142.2 % OB B oWl 7.0 — | 6.9 6.9
1939 3 20 | 12 22 | 32.3 132.0 | H B W ¥ | 6.7, — | 6.5 6.5
1939 5 1 | 14 58 | 40.1 139.5 | £ m B { | 69| — | 7.0| 6.8
1940 8 2 0 8 | 44.3 1395 | i A ¥ B W | 77| 75| 75| 1.5
1941 1 19 1 46 | 32.0 1321 | = W B ¥ | 7.6 — | 7.8| 7.2
1943 6 13 | 14 11 | 41.8 143.4 | FHFEHIHFM | 7.3 — | 7.2] 7.1
1944 12 7 | 13 35 | 3388 186.6 | = @ K ¥ | 8.1| 81| 8.0 7.9
1945 1 13 3 88 | 34.7 137.1 | #m R E#H | — | 6.6| 6.8 6.8
1945 2 10 | 13 BT | 41.0 142.1 | FHEBHBHFEW | 7.1 — | 7.1 7.1
1946 12 21 4 19 | 33.0 135.6 | oty vh | 8.1 8.1 8.2 8.0
1947 11 4 9 9 | 43.8 141.0 | ®m W ¥ | 7.8 — | 7.1| 6.7
1948 4 18 1 11 | 333 1356 | mfpprEEWH | — | — | 7.3 7.0
1952 3 41! 10 22 | 4.8 1441 | + B ¥ | 82| 81| 83| 8.2
1952 3 10 2 8 | 41.7 143.7 HEmaem | 78] — | 7.1 6.8
1953 11 26 2 48 | 34.0 1417 | BER ¥ E W | 7.8 7.9 7.9 T4
1956 3 6 8 29 | 44.3 144.1 | @ k& W | 6.2y — | 6.0| 6.3
1958 17 7 58 | 44.3 1485 | = r e v E¥h | 8.2 8.3| 8.1 8.1
1959 1 22 | 14 10 | 37.5 142.2 s B B oW | 69| — | 7.1 6.8
1959 10 2 | 16 3 | 37.5 143.3 | @ B B ¥ | 65| — | 6.5| 6.8
1960 3 21 2 7| 39.8 1434 | & F B ¥ | 75| — | 77| 7.2
1960 3 23 9 23 | 39.4 143.7 | = F B oy | 7.1 — | 6.8 6.7
1960 7 30 2 31 | 40.3 1425 | & F R W | 7.0 — | 6.7] 6.7
1961 1 16 | 16 20 | 36.0 1423 | 2% ) & ¥ | 7.2 — | 6.9 6.8
1961 1 16 | 21 12 | 3.2 142.0 | 2% #® B ¥ | 7.1 — | 65| 6.5
1961 2 13 6 53 | 43.2 1479 | =trwm 7 &¥W | 6.9 — | 6.9| 6.6
1961 2 27 3 10 | 81.6 131.9 | & B B | 75| — | 7.6 7.0
1961 7 18 | 23 3 | 29.6 131.8 | BASWHM | 6.9 — | 6.9| 6.6
1961 8 12 0 51 | 42,9 1456 | B = | 6.8| 7.0 7.1 7.2
1961 11 15 | 16 17 | 42.7 1456 | B = b | 69| — | 6.8| 6.9
1962 4 12 9 52 | 38.0 1428 | & W K ¥ | 6.8 — | T.1| 6.8
1962 4 23 | 14 58 | 42.2 1439 | + B ¥ | 6.7 — | 6.9| 7.0
1963 10 12 | 20 26 | 43.9 1489 | =t =7 &¥W | 69| — | 7.0| 6.3
1963 10 13 | 14 17 | 43.8 150.0 | =+ = 7 By | 8.4| 85| 8.1 8.1
1963 10 20 9 53 | 44.1 150.1 vy 7B | 7.9 — | 7.2] 6.7
1964 5 7| 16 58 | 40.3 139.0 | #% B K ¥ | 7.1| 7.0| 6.6| 6.9
1964 6 16 | 13 1 | 88.4 139.2 | # #H K ¥ | 7.9 76| 75| 7.5
1964 7 24 | 17 14 | 45.8 1834 | T & F B | 7.2| — | 6.8| 6.4
1964 12 11 0 11 | 40.4 1389 | fk W K # | 6.5 — | 6.5| 6.3
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Table 2. (continued)

YEAR | MO DY | HR MN | LAT LONG REGION M, | M, | M, | M,
1965 6 11 | 12 33 | 43.7 1488 | =trw vy | 7.0 — | 7.0] 6.4
1968 1 29 | 19 19 | 43.2 147.0 | @& B | 7.3 7.3| 7.3 6.9
1968 4 1 9 42 | 323 1825 | wm oM B ¥ | 7.7| 74| 761 7.5
1968 5 16 9 48 | 40.7 1436 | HEHEBH AW | 8.2 8.2 8.1 7.9
1968 5 16 | 19 39 | 414 142.9 | FHEBEEHFM | 770 — | 771 7.5
1968 6 12 | 22 41 | 394 1431 | B F B @ | 74| 71| 73] 7.2
1969 4 21 16 19 | 82.2 13821 | ®m # B v | 6.7 — | 6.8] 6.5
1969 8 12 6 27 | 433 147.8 | & S} B ¥ | 8.2] 8.2 7.8| 7.8
1970 7T 2 7 41 | 32,1 182.0 | m OBy B ¥ | 7.1 7.0 6.8] 6.7
1971 8 2| 16 24 | 41.2 143.7 BHEmmawm | 710 — | 7.1 7.0
1971 9 6 3 35 | 46.7 141.4 | v~V LM | 751 7.3 6.9 6.9
1972 2 20 | 18 22 | 332 141.3 | AkmEHEW | 74| — | 7.4 71
1972 12 4 | 19 16 | 83.2 141.1 | ALgidimm | 7.6 — | 75| 7.2
1973 6 17 | 12 55 | 43.0 146.0 | & = W | 8.1 7.8| 7.7 7.4
1973 6 24 | 11 43 | 43.0 146.8 | B = ¥ | 76| 7.5] 7.3] 71
1973 6 27 782 | 427 1466 | B2 = W | 69| — | 6.5| 6.5
1974 5 9 8 33 | 346 1388 | AT &k | 65! 6.5| 6.3 6.9
1974 9 27 | 14 47 | 42.8 1467 | B8 = ® | 7.0 — | 6.5| 6.6
1975 6 10 | 22 47 | 42.8 148.2 | & B oy 7.9 — | 6.8 7.0
1976 121 | 19 5 | 487 1492 | =re7 i@ | 7.1 — | 6.8] 6.5
1978 1 14 112 24 | 34.8 1393 | r kfE | 6.7 6.6| 6.4 7.0
1978 3 23 9 81 | 44.4 149.7 =rwmTEMH | 71 — | 7.1] 6.7
1978 3 23 | 12 15 | 4.8 1494 | = b e pmyh | 75| 7.4) 7.4 7.0
1978 3 2 4 47 | 4.3 1498 | =rm W | 77| 76| 75| 7.3
1978 6 12 | 17 14 | 38.2 142.2 | T ® B W | 7.4| 76| 75| 7.4
1979 2 20 | 15 32 | 40.2 1439 | = F K W | 69| — | 6.7| 6.5
1980 2 23 | 14 51 | 43.5 146.6 | & B | 6.8 7.1 6.8| 6.8
1980 6 20 | 16 20 | 34.9 139.2 | HEEEIHW | 6.3 6.4| 6.0 6.7
1981 1 19 3 17 | 38.6 143.0 | = 3 B ¥h | 7.0| 7.0] 6.9| 7.0
1982 3 21 | 11 32 | 42.1 142.6 H & | 7.1] 69| 6.7] 7.1
1982 7 23 | 28 23 ) 36.2 142.0 | 2% B B ¥ | 7.0| 7.0| 6.8] 7.0
1982 12 28 | 15 37 | 33.9 1395 | == @AW | — | 6.2] 6.0 6.4
1983 5 26 | 11 59 | 40.4 139.1 | £ @ K ¥ | 8.1| 7.9 7.71 7.7
1983 6 21 | 15 25 | 41.3 139.0 | FHEBWHE | 7.3 7.0] 6.7] 7.1
1984 3 24 | 18 43 | 444 1489 | =br e W | 7.1 71| 7.0 6.8
1984 6 13 | 11 29 | 81.4 139.8 | B & i ¥ | 7.3| 5.6 5.4| 5.9
1984 8 7 46 | 824 1822 | w oW O ¥ | 6.9] 6.9] 7.0 7.1
1984 9 19 2 2| 341 1416 | FR¥EEW | 7.3] 6.8| 6.8| 6.6
1985 None




WEREOE R 297

155°€ ! T
O mes — A0 . AVERAGE FOR 1894-1985
O w7 D?/P\ : 1p *f% 0., e CUMULATIVE
! . L]
0 Me<? \ . o . o INTERVAL
My e C’/ .
1894-1985 ol 0.5k '. J
OO}’&// 'ki.}r/ r .
,ﬁln/ P — L ) i
: g (%) .
& - =z .
3 w L]
g o ‘e
Wb ° ° . -
E . -
L o o000 o
’ s Gt BB 0.05F ° ]
4;,« /3 T PACIFIC CCEAN o o o
) NN el
6P ‘ ° ° . i
ol / C o R ]
o
Y4 \
rd [ 1 0.01 ) o 1 Q com
25N B8 7 8 9
125° M
t

Fig. 4. Map showing distribution of Fig. 5. Average annual frequency of

tsunamigenic earthquakes around Japan tsunamigenic earthquakes around Japan
for 1894 to 1985. Circles are ranked as a function of M,. Solid circles show
by M.. Lines off the Pacific coast the cumulative frequency per year,
denote oceanic trenches and troughs. and open circles show the interval

frequency per year.

BREHEIC /e A L B b0, = 2Tl ABE and NogucHI (1983) » 3 A vHifEic
DT DOHENZ BEIC LT 0.5 223 L effid 88 Ui, My 2IFRIRa X (0983,
1954) I X % =2/ =F.— FThb, HIZFHE (1982a) LHWEAMTHS. KL,
1896 £ 1 A 9 HE 6 F 15 HDME T O T BRI 2537 ffi®, 1938 4 6
J 10 BE 11 § 14 HoMECOWTRELTOERFEA L. M, & M; »¥iLLi:
HEn—2%, Myt M, RIELTWBEVvbRALD0, REFEN o Tho FE» Fit
(1982b) <ok « FIEE (1984) 7o KIC X » TIRIME N TV 2D TH 5.

Fig. 4 1% M, B"PREINLTXTOREEOSTRCH 5. Fig. 5 1o 1 F£4b
DFAFIERRT. BSUT RS, Aaik M,0.1 S EoFECcH S, M6.9 05 8.2
OFIT BEFFEILIEEENTH D, M=6.9 0F — 2 L THEAEE#EHA 75L&
—0.75 DA RD LS. HEORKAEFEITHAT, D3V OOEH Dig\ D/
TR A RE Ll wubhd L. M, 22 B3R TRADEEL 1918
9 A8 HYA, S B0 (M8.5) THH, K\t 1963 4 10 4 18 H=tr 7
Eyhods (M,8.4), 1933 45 8 A 3 AAFRIPOEE (M:8.8) 2%il, ME 92 4
MOFHEHBART, M27.0 O 1.2 £ 1 @osc, =i M,=8.0 ot
# 6.6 FFic 1 @oEltRE Az Litits.

4. M, & M, OEE%

M, & M, oklz%y Fig. 6 1273, LOUIOPRCRE Ucdill, AT HARECR
MU, K EEOEBIc 2L T, MRICE~NNZ L on LT3, M,
D 6.4 b 8.5 FTHORWIEHICH 2 »T M, & M, 2ZE—F LTk bH, BHOEL
T 0.0140.16 TH 5. W TR RTFEOHKICOVWT M, & M, O X



9 ' T T T " SE¥T 0.000.16 ThHote. =
* PACIFIC OCEAN NESEOFERMIZEAELR LT
o JAPAN SEA / | o . -

e BB EE M, OEEEYFHER

oL e | AETHLDEHELDRED.
° // A A3 O F Iz o\ TSR
M L . / | TG R bR, FRRFERE L
o o e T M=M,+0.2 DBARTcE S h
7+ e i, % (ABE, 1985). = 03\ DFH
}/“' W KPR L BAY OME
i : 1 DURE DB S Wi B EE) P O
6//< ' . 1 ] BN EBEFEZLATS (F
6 7 v 8 9 B, 1984; ABE, 1985; SATAKE,
_ . N ‘ ‘ 1986). o, ok x M,
I e anh et st o sy, LTS L BRI
genic earthquakes around Japan. The line RN N T 1.6 iz &5
represents M,=M,. Solid and open circles WenWh Z tEERLTED, B

show the events that occurred in the Pacific

- e A W = —
and the Japan Sea, respectively. RBEOTE AR~ /= F -

FrD TP 5 ECERIRS
CREHIBEARFETH .

—fEiC M, SIS — 2 LHSckd bR, Lo EGEREER L T M, &
BldiSbhsz L3, M, BRdDBRRGL S B oWET ok & S52#E 2 5 T
LY IeZ ETH D (fok 21E, DAVIES et al., 1981; KANAMORI and MCNALLY, 1982).
DR M, EHALEEOLELEDELTHS.

5. ZHHE
WEAR DI IIED < /=5 o — FORIC K EREEA R TL 00 B D,

Table 3. List of major tsunami earthquakes with M,-M.=0.5.

YEAR | MO DY | HR MN | LAT LONG REGION M, M, | M-M,
1896 6 15 19 32 39.5 144.0 | = F B ¥ 8.2 7.4 0.8
1927 8 19 4 27 | 34.0 142.0 | F & ¥ 1 ¥ 7.4 6.8 0.6
1961 1 16 | 21 12 | 36.2 142.0 | 2% #& K ¥ 7.1 6.5 0.6
1963 10 20 9 53 | 4.1 150.1 vy 7R 7.9 7.2 0.7

1964 5 7| 16 58 | 40.3 139.0 | %% m| K ¥ 7.1 6.6 0.5
1971 9 6 38 35 | 46.7 141.4 | ) vPHH 7.5 6.9 0.6
1974 9 27 | 14 47 | 42.8 146.7 | B = 7.0 6.5 0.5
1975 6 10 | 22 47 | 42.8 148.2 | = FF B W 7.9 6.8 1.1
1983 6 21 | 15 25 | 41.3 139.0 | 57 BEL7H 5 7.3 6.7 0.6
1984 6 13 | 11 29 | 31.4 139.8 | & B F ¥ 7.3 5.4 1.9
1984 9 19 2 2| 84.1 141.6 | F & ¥ B W 7.8 6.8 0.5
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Fig. 7. Comparison between tsunami magni-

o EciBdk 92 EH o EggE o tude and surface-wave magnitude for
W 10% T Hi-5b. tsunamigenic earthquakes around Japan.
%\ \4 Eﬁ_m\, R The line represents M;=M,. Open circles

FEELHET SRCER show tsunami earthquakes with M, greater
LRV 0.5 Wi fliicizkL than M, by 0.5 units or more.

FeEMIT V. BT E 2, Tl

Wlie M, & M, O#ECRIT5FREhOEHENE, 0.2 & 0.8, OFCHEY LT 5.
AR B & R R S 1B T O DA THCEIILETH D L E - THELE
zieus. R ORENHEIEL 1984 £ B BREOMETH 5.

6. FEITRILF—
KAJIURA (1981) i3, SEMZAAELIA (RE LRI G & 5 i dE-D v TR C O
DERF VY =iV F— E, & M, OBHREHEN, E, #iEET 5700 0B EK,
log E.(erg)=pM+a (6)
BN, o, M=M,, =2, a=4.54 TH%. =2 B HETFT V¥ ¢l s =FILF—
DEFEH SN DD, o EWIETOGRA, W EOTX) ok R, WEEmOES K
&, iR O ARRE AT  {KIE LIc 9 2 2 —ThH D, a=4.54 L\ 5 {HIX
BULIHEOSHEC DWW TEHEN ET B, O kRS2 5.

ST (6) RIRELT M=M, s L, HEORMEEIE»BRD bRICHEED
E, #FIHLT a *xB»TEDBZ EzT5., Table 413, L E, DY AMTH
. 1960 £V i & 1964 £ 7 I A HMERE O E, Offiiz KAJIURA (1981) 1
Lo TRF VY A =xA¥ b REibhfitchd, M, Ol ABE (1979) 1
XA, Ei, oo E, offiikAm (1977, 1978, 1984) 0@l f v~ — 2 5 VIR
I%. Fig. 8131 M, & E, OBG®F3. MHRIMLCERD LR THW A1 R 5T,
E, o 5 il Eighic o T3iE—FK L, FHELT a=4.3 %0505, Tibb, ¥
BBRELT
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Table 4. Tsunami energy estimated by the numerical inversion and potential
energy methods.

YEAR | MO DY REGION M, (x10¥erg) | REF
1896 6 15 HOF B 8.2 377 (1
1897 8 5 FZO A - S 7.8 14 (1)
1931 3 9 FHREF W 7.2 0.2 1)
1933 3 3 5 OF OB f 8.8 236 )
1944 2 7 = # R 9 8.1 23 4)
1952 3 4 + 5 # 8.2 41 6]
1968 5 16 HORE S M 8.2 82 (1)
1968 6 12 5 F R W 7.4 1.7 (1)
1969 8 12 a B B W 8.2 41 (1)
1973 6 17 GiEs = I 8.1 8.8 (1)
1978 6 12 OB R 7.4 0.8 (2)
1983 5 26 ® o\ B 8.1 39.5 3
1960 5 23 F Y 9.4 13000 (4)
1964 3 28 7 7 A A 9.1 2000 (4)

REF: (1) HH (1977), (2) #E (1978), (3) #H (1984), (4) KAJIURA (1981).

log E(erg)=2M,+4.3 (7)

24

i 2ME5Hh B, KAJIURA (1981) @
®r BRI BE T 5L, &
ol (6) D a=4.54 X\ 5 fiiixsz &
£t VERY 60° DIIRIAR b o Tkl
<ot BT RIS Lcb 0THh B
o 2, TRCHARTIE R a=4.83
o 20 VR 20° DEIRA ORI HET R
- WY L b D TH 5. %
er IO KT B D TR D T

18 METAELEI LTV 5.
] Fig. 8 Tlifn b EFi~fk d »s
17g 7 8 3 10 HEER T B EB I 1896 AR =p
My M TH S, = Ok M, 13E
Fig. 8. Common logarithm of tsunami encrgy DT —2inb 8.2 LRDBRT
in ergs plotted against M, for tsunamis WA, NEOF—z2E2HWB L
shown in Table 4. The line represents the Y 0kET 8.6 L7 %. (ABE,

lation, log E,=2M,+4.3. - i
e 1979). = F—0b& 3

LHEOT = 2hbRDOBRI M, OFHE (1) OBFIC L < HTILE S, 1960 £F
MRS (M,=9.5, M,=9.4) LT, R (6) WWBAIMEICASz LAt KAJIURA
(1981) 1@ ko THMI ATV 52, 22 TR () WZYAlr s 2 5.



RO E R 301

Table 2 &K (7) »5aE%E 92 £ (1894~1985 ) KW RIT ABF OB =R L F —%
KDTHDHE 1.0x10%erg E7ch. ZO=FAF¥—2 M,=8.9 OO E, wH4T
B2, 1960 sEF VEED K, Db 18 40 L iclhE sy, M,=8.0 © 14 EHoOEE
O E, ik 8.6xX10"erg THH, THETTLMED 8% whd5H. 1FEL b LI
BFEO=3xAF -t 1.1X10¥ erg/EETH D, Thit M,=T7.9 © E, w4+ %. 1837
Enb 1974 £ TD 188 ERICRATFE TR E L ERMEERE O =% L ¥ —1% ABE
(1979) © M, D# & = FhbAicd &1 4.5X10% erg (M,=9.7 © E, [H¥) L RKEbL
n5. Zhx SR+ s &, BRATCREA U O = 3 v —IRIRAFHE
SBTRELRBENCR=31F-D 3050 1 AL, bicdiz, HRPOME
X o THHEIRCHERO =3 L F — 1 3EFHT 4.5X10* erg/FETH H (KANAMORI,
1977, B O=FAF 122 hofy 1400 Ho 1 ofHTHS.

. ¥ & &

o, WG X A oRBC LSV TER S~ /=52 — F M,
ERAVWHZLICL» T, BARICRE REOKRE SOERILET . Ric, 1894
D 1985 £F T0 92 EBIC AARE CRAE LcBERF I >\ CHifiodtE o< 7
=Fa—Fehsxnr 7OBETELIOBEMET -7 104 FIOMED 5 L0 10% & M,
WCHARTHESC M, OKREBEME TS ERHLAC KT EDIL, M, &HE
=3 — L OBFERE RS, C o DA, ik 92 FRlic BARRE CHE Lo
BOE=F 1 F — 12BN CRAE LREOB=3 ¥ —0 1/80 khicb & BT
bht.

) &

HROBGETC e - T, TRINKCIHAAFHBAE, MAZRETHHIES JORBEROXE
T X VAR E R o HOPERAC S » TINEE FEE O & 8. KI5
DEHFLO—ICFUR R FRBG M © v — GREES A84690) s X UMIEEBIFENTIES
TR € v & — ORI A FIA L.
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Tsunami Magnitude and the Quantification of Earthquake
Tsunamis around Japan

Katsuyuki ABE

Earthquake Research Institute, University of Tokyo

The tsunami magnitude M, is unique among many magnitude scales in seismology,
because it is based on instrumental amplitude of tsunami waves, its level being adjusted
to agree with the moment magnitude of an earthquake. The previous catalog of M, is
revised and enlarged to maintain its uniformity. In the present catalog, M, is assigned
to 104 earthquake tsunamis that occurred around Japan for the past 92 years during the
period from 1894 to 1985. The 1918 event off Urup Island has the largest M;, 8.5. The
1963 event off Iturup Island (3,=8.4) and the 1933 Sanriku-Oki event (M,=8.3) follow.
From the relationship between M, and M;, at least eleven events are identified to be major
tsunami earthquakes which generated anomalously large tsunamis for their surface-wave
magnitude M;. The semi-empirical relation between M, and tsunami energy E. is obtained
in the form log E\(erg)=2M,+4.3. From this relation, the total tsunami energy for the
past 92 years is estimated to be 1.0X10%2erg. This corresponds to E, of M,=8.9, one-
thirteenth of E, of the 1960 Chilean tsunami, and one-thirtieth of the total tsunami energy
in the circum Pacific during the same period. The annual average of E, around Japan is
estimated to be 1.1X10* erg/yr, corresponding to E; of M,=17.9.



