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BE=V=F o —F M, ORTER EHBRHE S 2 2 —oHEAK ST, ED
Y =2F o= FDREORIETUTAHERIL. ZOBR~ 7 =F o — VOEHE
B DHAMEE 3 X OHEMEOHIRM L BB THZ LT X > TTFUOBELE
BB, BRIRBEMEYRWT, BIES log H=M,—log 4—5.55+C BN 5T
e H, (m) GEEOERERE 4(km) HETORMESREZEMUL, 2H, 22 0MHE
ToORFEEY ELT 5. REFEEO RAHERME 7 BERR log H=0.5M,—3.3+C
HHEBLNRD FHE H:(m) TREELhS., 22 M, 3o es—2v 1t e=ws=
Fo—F, CIERTHD, KEEMOEE T C=0, AXEMoREIL C=0.2
FRENFEAIND., WYREEOD LTI M, Db HEAE< 7 =F 2 — VXK,
G~ =F o — FRFIATAZEMNTES. HEEHEOBE L TIMCHATES L)
o bOBRRE—WOFRULA 7 7520 Ldbz LVCED, —7F, @bl
X5 FHRE log H=M,—B T X->THEx2bhb. EFX B OfHE LT, BEL
HOEWHITIE B=8.8, 757AHWRT7 VY a— Y VI LOBEIZIY B=9.1, 2 2F + »
AT B bOBEFICIY B=8.6 N LhFEH IS, FEkoOSEMEYKRETA
WIZ, BEOHINT OV TERE LHEEM R HEHNCHR L TR S &, KRITRS
BY, MEMOE GO OBETHREIEY I = V-2 vOBEH LRI EDIR.

L. FL&Ilc

KEFIZ TG EHBETIEZ 54 DTS, O EURET S EAGPEEICSK
ek E Sz RV End, DD I IERTFERIED LR TS, e T
L, BMEERTHEE IS TPHT A2 LMEREROTHOL R LT, [EROBRE OHEEIC
LB 2 MBEARHEREO—>TH 5.

HEORIEHET 5 HEL UCXF MR RO EREBODER LD
BOIBEHEORE > 2 o v— o VEAREMCELER TS (HHE, 1981; 57k, 1986),
FEDRME, ZOFEIREL» ORBEOF I LI LT 5 BB LIk Az
HANGEE LTHE2Elliebisv &5 BT, HPFLLEETIRL. —F, R
BB UIc ek o St gisa T, BRARBERIcESWTHED D = =5 .-V M
DHEESH EEDOA Y — A m R BITCHREORIN—EHEES RS (B, ¥,
1978), L2 L, m DEHEVHE TV Z LBHEEOTHEL SITHABCAEL, ZoF
BERERWTH B LTV (TR, 1982). KEFC X 5EETFH L ERICII Mic
SN HEFEFHUTHB. FOARL [EVHTLET em BE], SVt 2m
ETBRRAL], HH0R THVATTH Sm DECETIRAR] EvotdboThsd
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(REFTFHEMSHER, 1977). chbRBAEL ST X TERE VS ATERI D ICFHE
ERBLDTHBED, FROBERTFHE Voo ECREFCTHTE L.

RIBILTIE, RROFELIZEIOIEHD, B~ =F .~ F M, DEZRXNLHE
KIRLEB OMUAIZ L L1 LT, ME» AR RTHELRET 5. & OFET
WEBEHOFEER O TS TR IFRORER X 2ERENOTFRCLICATES LD
ThbH. ILETFHHEROEEMELY BT 5o BEc ik Liclil 2 gic EE &
HEEEE DB AT 5.

2. ZESOFAR
SEHEE OBRlOERICESWCEE~ = F 2 — F M, 1%

M,=log H,+log 4+5.55 (1)

TEFZKEN S (ABE, 1981). = zic, H, (B m) 3HEE CHNIACEEORASE
IRi%, 4 (B km) @EEASEHIEE co@E Lo BEREERERETHS. ZOR
TEER AL, M, Z"REERMOMEDE -2 vt e ~2=2F.— F M, CFHE LTH
UfHE e D LD IEHRINT WD ETH S, =D M, 1 330E=E— 2 v + M, (867 dyn-
em) 12X 5T

M. .=(log M,—16.1)/1.5 (2)
TEFKIh, EbIC M, iz
My=pDS (3)

THE 2 b5 (KANAMORL, 1977). = 2T, p WEEOEIMESR, D 3iiEmico¥Esy
DIFNhiE, S RHBHOMETH B, T (1988) D » % v /i, 18U Fh b
1985 £t 92 FRCHARFL TRAE LB OWT M, M, in X 0&foD
=7 =F 2= FBELBRTWS.

LD ER Q) EHEEFHIC X 28 ORKEIREHLEEOKRE S ER(LTH:
DICHA SRR TH 5%, ICFEL T ORBREORSOTFHRC LD 55, =
DF Z IS T ABE (1981) 3 JOVFTHER (1982) xRk D X 5 Ze FRIRARE L. ’

log H.=M,—log 4—5.55 (4)

oz, X Q) o M, % M, wigXinz, H, »—BOS4HELTo H, wHEH

DL DOTHB. ZORITTHBHEOEIOFAR & LR S hn, EEEHORE
ZEDICDICHEFRICE 21 ETFNEIRBINCKRELR-TLES. x5
®iT, ABE (1981) 3/ & 4 @WBIFAEME LT 4=r, OEFECHERIIEIT DI
HEEX, 1o L LTHIBEOER S 12 L5 X 5 AMEROLERYEE LK.
2Lz ¢, ABE (1975) =k % M, & S OFRBRMSHMBIGNS, r (HA km) &
M, & DB '

‘ log 7,=0.5M,—2.25 (5)
ThEzbh5., &R, d=r, TOEIXETHEGERELTR ), 6) 56
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log H,=0.5M,—3.30 (6)

NELR, BEOENELORENL -0 H AFHREMETHS L 2ht (ABE, 1981;
Frs, 1982).

K (@), 6) 12dLdEAFRAORKIALTERBIRZLOTHY, FTADEAK
WOBBIEHET AEE1TE, M, » M, whXTEST 0.2 KT AEL kB EicE
BT HLENHS (ABE, 1985). Z 2T, KTFHEOENEE AARBORE L #THOETY
K4 5hbic, HARBOBECHT 5 FHRE LT

log H,=M,—log 4—5.35 (7)
log H.=0.5M,—3.10 (8)

whEx Bz LT A, K@), 6) KERTzhbizdkie 10 =1.6 FRET ARGk
L2 5.

ESEIC 7 » C KAJIURA (1983) (3 AE; o EMEIC FEMmBa o ng, HRsiE
DD EHE O BRELIER LE. 2o TEOEREYER Lo, Tl H, &
H, #FEFECHCBEBRST RS, KREEOHE, HE km Whic AR - T
EEABEIRS. TOLRC BT HERED > bOREEY Hu: &5, EREEEY
% 20km 7oL 40km i K- T, n HEORKMBATOREEY Hyne *
WOEHERREEEE H L, Sbie, &RKEkchi-To H, okt BkRE
T Homee &5 5. KAJIURA (1983) 12 X HUZE, ZHhDOEIOMICIZKD X 5 7iF
PBAE AL BB,

H2EﬁnEHn.max/2 (9)
H o= Honx[2 (10)

x 9 v EECcoBBREEL, RN 10) 3L&£XKBEToBEGREREL TS, chbol
Frimh LTl H & He CBARRERES2 5. Tiobb, & 9) © H, 11 H,
EoBGEMABE @), () © H, wxind 5. —JF, KAJIIURA (1983) LIEML T35 X
512, K (10) D Hymee 13, 5% 6), @) TiHEshz H ciitd s, Tibb, F
WE H, 33t km v o oW ToESRC, 2H, 322 TORSHECThZ R
BEfRSToh, b, FE H RRHPEEOEAER, 2H, &R TOREHEC L
NENBRISITORBZ il b. BEMETHD Huwx & Homes 2ERCEEOMTS
fh, WEHF R L o TUELIER - X =3 (KAJIURA, 1983) owxiL <, £
DEHET AR ) 2B I T B SIS B B.

FRROBRAW Yo Tt M, OFEHEIEE LW, M, Buvwod FIETE S LR
Bis\s., FIC, HARIOWECRIEE bk ERBEHROMEN DI 5 JFE
CEILT, My WEWEAE~/=F2—F M, #fWAT3zE283%F 2 b5, M, 138
M 20 BRI OEmE O AMIIHREASHOH bR L 0T, BENRKEL#Hh T3
Ay —=nTH5. —F, BRTIZAM S HEOMERE ORKMBEIRE,L RO IEE
fFe2=F2—F M; MEbhT\w5b., —8z M; 13 M, TEEUCTWBEWbRTWS
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L 00, RERCIRREE O B LEE ORI RHH R ThAFET 20T (Fi,
1982; #k - [IE, 1984), M, DEFCHI» T M, ~— ADETRE T LT H 5.
ZZCUL, ke FTER (1984) DBAfR

M;=0.79M,-+1.44 : (11)

YEWCTHRET S LT 5. CoBGERC L, okl M;=8.0 D4, M, &
b 0.3 DOE/NGF & e 5.

DT, BEOFEMER Y FSRCENEE TR 5 FilE & OB 2T - TFREED
RUEERFT L L0 T 5.

3. REEHEOFH

TR (1986) LAHME (1987, 1988) 1IBEo KB PV THH DT — 2 BB L TK
e B, SREPREE Hyms 2RD TGS, —F, HETBH~IHEC XL,
Mk, BREALRMOBEE COREOEEERELAVT, & @ 2 () » 5T
BH, 2RdHENTES, H 3 Ho WG L, 2H, 13 Hypmee CHIET 50T, &
BT hbOBEEOHIE{T-» TA DA LT 5.

& & Uic RE Ky, 1983 £ 5 A 26 HEKAEM (HAmHfuhiE) B, 1968 $
5 A 16 BEHERAM (FRhtE) g, 1952 4 8 5 4 HHByd (HBhinm) &
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.Fig. 1. Geographic distribution of observed and estimated heights for the
Akita-Oki tsunami of May 26, 1983 (M;=8.1). Solid circles represent the
local-mean run-up height Ii, in the segment interval of about 40 km along

_ the coast of the Japan Sea. Error bars represent the standard deviation.
Large and small crosses represent H, and 2H,, respectively.
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Fig. 2. Geographic distribution of observed and estimated heights for the
Tokachi-Oki tsunami of May 16, 1968 (M,;=8.2). Solid circles represent the

local-mean run-up height ﬁn in a segment interval of about 20 km along
the Pacific coast. Error bars represent the standard deviation. Large and
small crosses represent H, and 2H,, respectively.

¥, 1946 4 12 7 21 ARFYEM (FEiEthE) Sk, 194 £ 12 B TB=8Ry (G
BWEE) B, £1 T 1988 £ 3 A 8 HAFEM (SRR B0 6 flth .
ZEPCOWT H, & H, 38X 2H, L ONFiz s Lizos Figs. 1~6 TH 5.
BRTONEOE JFBEARBOBETH 40km, KPERTH 20km Th5. Bt
KEEHE (), BTt oiiEiEfe, KEaxXmr H et 5Tl (H),
INSIEXENY Hymex &2 TR QH) #ThThFET. fHROEGT — 2 XXH
HTOHF Y FAEMN2UTOLDTH B, o cixthd Hy &k Uk, Bl R
XORHEFZHIEL, BSEURL2DEN, b LRELDEARTTHESHT. -
CTRIEGIBIE AR E LT 575, JLigE O S EBEEe, P oREEOF
595, hE - UE - SuHHE OB BB #KGE B L O EH O/ i B EirBCThH
5. FHIEOFEIL M, ¥t M, 2B\, ToEENFPRLTHD. BROME
FTES (1988) D & r Y OERFEHE Lic. BRI GEVHIR OFECIEERICH - T
X (B), 6), ®TLrTiE H #@A LK. 7k, TXTCOF—2122owT H, oxf
HERFREBEOELT 0.17T TH 5. hix, REACEEOES H oy 90% 7y
i H, wxt LT 0.5<H/H,<2 OfiFiPRIA - T\ 5 & & BT 5.

1983 EEKH Ry, 1968 EEHREFFih, 194 E=THRpOBENEES, ENELF
WEOSHOTRIT LA L LTRLS =KL TWw52 (Pigs. 1, 2, B), 1952 £k
DR, EHOZRERBPEHARE TIXTFUESENEICTV2, BRoR < TTFils
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Fig. 3. Geographic distribution of observed and estimated heights for the
Tokachi-Oki tsunami of March 4, 1952 (M,=8.2). The symbol notations are
the same as in Fig. 2.
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Fig. 4. Geographic distribution of observed and estimated heights for the
Nankaido tsunami of December 21, 1946 (M,=8.1). The symbol notations
are the same as in Fig. 2.
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Fig. 5. Geographic distribution of observed and estimated heights for the
Tonankai tsunami of December 7, 1944 (M,=8.1). The symbol notations
are the same as in Fig. 2.
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Fig. 6. Geographic distribution of observed and estimated heights for the
Sanriku tsunami of March 3, 1933 (M,=8.3). The symbol notations are the
same as in Fig. 2.
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DRUFEE EE > T (Fig. 8): F7:, 1946 FiT G Byl Tl N & &5
HPATE DR & TERME & FHEE ORNEGENMELTH D (Fig. 4), 1933 FEFR
A TR =RRE & 2 D LIPET &k TTFUEI RIS S e o T 5 (Fig.
6). THXOK, &L LT H & H, OBTOHIRELT B L2 5%, £HpIS
LI —IROMIK T RN Thr Rbh 5 2 L3 SRE . ¥ 1987 13X Q) o
BEERED CREUC B 2 DN 5 & E 2B LTV 5%, EBICZEEOR Y, ikt
DifEYE, WEBYOHR, BREMEOEMS, AMHEEOBBEANN C OFhoxE,
FRHRTHA5.

ZZTIE, AHE (1980) EFBMCIEI K &k RBA L CENS L FHE L OBH
BREETY et b, 23T, FUEBOENE T 5 (FTRE/ENE) » K, &
T3L, K & ki

log K=[} log K\l/n (12)
(log k)*=[n X (log K,)*—(3 log K))*]/n(n—1) (13)

TEHEEND. K 20 VPHE LT TFUES BNEOMETH 51 R R, iEis
REND D kb XBEWEOFHPEOELDEDORELYREL, bk 28 1 IEWEEIEHOZ
RSV Teds, b Eb LAEE (1980) XEMEAEEE VI RIEOWT K #EA L
P, S TRTFUEOZYUMLPRIEZ LT 5l D BEL T L THS.

Table 1 R XIF#HE Hy witd5 My, My, My 55 0FAEREL % vt d 0TH
b, Fig. Ta REILERRLILDTHS. K Offi M offEINC 2848, M, &
M, b OREFIZFHE LTILLTED, 20 1.2 TH S, My »5H 0T 1952
FHBATHBC T 2 BATFMOFELZIT TRE L LT 34, FhEBRFEEST
1.3 wFay, fbe DB X /NS s, CoTBhitED M,8.2 (M, #E T 8.56)
WS EAGER TV & 5 IR EIC HER I OB 5 — 2 DA Ak « FTET (1984)
CEDedhTsY, 2 TCOREDOBERTFIIL: OEBCHST LTV 5. £ LTz,
H=H, OBIGaTt s 0nd e S idio\ns, 1952 - B 2B € § KO T 1.2
TH Y, THREENRY FHT20% EELES. LiaLisab, 20k 5 cFHEEse

Table 1. Comparison of observed and estimated local-mean heights.

K=average ratio of estimated heights (H, or H, for 4=y to observed local-
mean heights (H) k=standard deviation in terms of linear scale.

K k K k K k K
YEAR MO DY, REGION My M. M for M, for M, for M; |[Average

1983 5 26 | H B 7.9 7.7 7.7/1.14 1.28(0.72 1.28 |1.21 1.28 | 1.02
1968 5 16 | HEREHE GV | 8.2 8.1 7.9(1.833 1.49|1.06 1.49|1.26 1.49| 1.22
1952 8 4|+ B ¥h|8.1 8.3 8.2|1.13 1.66|1.78 1.64|3.10 1.55]| 2.00
1946 12 21 |fCFF¥ &P (8.1 8.2 8.0]0.91 1.78]1.14 1.77|1.42 1.75| 1.16
1944 12 7| = #E B 181 8.0 7.9|1.51 1.41|1.24 1.42|1.75 1.42| 1.50
1983 3 3|4 F B ¥ 84 85 8.1[0.94 1.66(1.18 1.661.00 1.66.| 1.04

Average | 1.16 1.55 1.19 1.54 |1.62 1.53 | 1.32
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Fig. 7. Average ratio of estimated heights to observed heights plotted against
the event: the estimate from My (circles), from M, (triangles) and from
M; (crosses). (a) Ratio for local-mean heights. The data are given in
Table 1. (b) Ratio for locally maximum heights. The data are given in
Table 2.

Table 2. Comparison of observed and estimated local maximum heights.

K=average ratio of estimated heights (2H, or 2H, for 4=, to observed local »
maximum heights (Hy,mex). k=standard deviation in terms of linear scale.

K k K k K

K k
YEAR MO DY} REGION My M. M for M, for M, for M; |Average

1983 5 26 |# @ B 7.9 7.7 7.7|1.11 1.55|0.70 1.55 | 1.17 1.55 | 0.99
1968 5 16 | BTy (8.2 8.1 7.9(1.23 1.4810.98 1.48 |1.17 1.48) 1.13
1952 8 4|+ B yh|[8.1 8.3 8.2|1.56 1.78 (2.45 1.76|4.26 1.63| 2.76
1946 12 21 | o ¥ & eh 8.1 8.2 8.0(1.53 1.5611.90 1.55|2.36 1.58| 1.93
1944 12 7|= % B yh[8.1 8.0 7.9|1.79 1.50 | 1.49 1.48 |2.05 1.58| 1.78
1933 3 3| F B ¥ 8.4 8.5 8.1/0.90 2.16|1.13 2.16 | 0.96 2.16 | 1.00

Average | 1.35 1.67|1.44 1.66|2.00 1.65| 1.60

RFPRIC o T D L, BeW A FITT > FHEGD Rt bhhE, T LAFE

Lwe b EBbhs.

RIC, b0 OREYLZTALLE, 18 flo k Offir 1.8~1.8 OfiCHH, D
SE¥gir 1.54 ©H 5 (Table 1). = OfEIRHEE (1980) X AHHY I 2 V—> 3 VOIFE
B o3bbEHLT 144 LIRS THhIPERKEVEETHD. D &IXT
PEAMORS BB Y § 2V —v 3 VOBRIZIHL0EHE VEDINZ E2RET
5. kA 154 Ed ki3, &k K, 0% 90% HEHE K o 2 52 0.5 508
BICADZ LR BT S, ME> L&, 5% OWRT K O 2 U EOBERVEET S
ZEwin A, Thit, HFRHENTOERNETF -2 0L EORELZIERLTHS.

Table 2 FXENEEME Homex WX T5 My, My, M; 250FRFERY T LD h
DTHY, Fig. Tb BFRLH LR LAELDTHS. Hymes CHT BT H, oxi
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53DL DL ek LT 20% 2EXREL, RHEOBRILZRILTEHoEOREL P
RREV. FHT k=1.66 L\ 5{Hik, 5% DERTEHD 2.8 2L LoBEE FE
THZ L RBHT D, 1983 FEKHIE RS 1968 F£+Pnh, 1983 EF By EEIC DL
TK 3 1 BiofEdRl, Figs LT 2H,=ZH, ne DBGAR DL T B0, *
D DEFETlL 2H, 13 Hoymex KR LTAE L 5TV 5.

B EDBRERBLIRT, HIED= /=5 o — FIZ X 2B IOFENI 2 BBEE L it
Bond Lhiwd, fiBaFHEC LT EToERLE2 25,

4. REEDOFH

AFECIE, BEOFEMEEME LT Himes & Huoe KREBLT, FhbEFHEE
DBFREZEF T2, B2 FThRVA, FAFROMEIZ—D DB DT —D L/,
WES OR &I Licihidtigix Table 8 1I¥ & TH 3. Fhbit dm U ko H, %
breh L 1894 FELEDHIETH D, METR I T 6 fliaie. WIFhoE L5
KREDRMNLHRTY A7 EDLDTECLOTH S, FIUE Hamexy Huex DftiEFh
LOWMBERLTH S, 1978 FREMHIED Hy nex BILEERSS2E (1974) 0OF — 5
SV TH KD IMETHS. FHO~ 7 =F o — FOETITE 1988) k5. %
D 1896 FEFRIPEMIT M IZHART M, BREBICKELLDTHY, M »Ho0F
TNAREL DR ELDFXICNTULE 5 2od, KFEOFREIIHHTE . =0 A
DU TRREBCHCMIR S, 0k REEESY By CEEE O T Table
4 ITELDHRTWS.

AR CHREEOTREE LT 2HEYN S 5. — DI OBEEHENE 4., ok

Table 3. Maximum run-up heights of major tsunamis with Hupex=4 m.

Hyax=observed maximum height. H,,m,y=observed maximum of local-mean
height. 4miz=shortest propagation distance from epicenter to coast.

YEAR MO DY REGION | M, M, M. M; I{g;x Hmu f{{v;;ln) SOBTA
1896 6 15 | &/ F B |82 — 7.4 6.8| 38.2 16.0 170 (4)
1928 9 1 | # # ¥ [8.0 7.9 8.2 7.9 12.0 3.9 20 (1)
1933 3 38 | &£ F R i [8.3 84 8.5 8.1| 28.7 8.0 210 (4)
1944 12 7 | = @® B ¥ 8.1 8.1 8.0 7.9]| 10.0 5.0 40 (3)
1946 12 21 | fEF¥ &P | 8.1 8.1 8.2 8.0 6.5 4.4 50 (3)
1952 3 4 | 4+ B ¥ |8.2 8.1 83 8.2 6.5 4.0 70 (4)
1964 6 16 | F W E W |7.9 7.6 7.5 75| 6.4 3.5 20 (1)
1968 4 1 | E OB B ¥ |77 7.4 7.6 7.5 4.6 1.9 50 (1)
1968 5 16 | HFHFEFHMH 8.2 8.2 81 7.9| 6.8 4.5 140 (1)
1973 6 17 | B = ¥ [8.1 7.8 7.7 7.4| 4.5 3.0 40 (5)
1983 5 26 | £k M® B ¥ |81 7.9 7.7 7.7] 13.8 7.5 70 2)

* Data source of tsunami heights: (1) Kasrura (1981), (2) 12 (1986), (3) #HM (1987),
(4) tBM (1988), (5) AFgE,

** This event is a tsunami earthquake which generated extensive tsunamis for the
earthquake magnitude, and the present study cannot be applied to it.
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Table 4. Comparison of observed and estimated maximum run-up heights.

H,,mox=o0bserved maximum of local-mean height. Hy.;=observed maximum.
H,=estimated maximum of local-mean height. H;,.x=estimated maximum of local-
mean height at shortest propagation distance. m=number of events. K=average
ratio. k=standard deviation in terms of linear scale.

. K k K k K k K k

Ratio for M, for M, for M; " Average
Ht.max/ﬁn,max 0.94 1.48 0.98 1.64 1.10 1.66 10 1.01 1.59
2H,,max/Hmax 0.95 1.87 1.00 1.87 1.12 1.94 10 1.02 1.89
Hx‘/-ﬁn,max 1.21 1.16 1.26 1.29 1.38 1.33 10 1.28 1.26
2H,/Hpmax 1.23 1.51 1.27 1.48 1.40 1.57 10 1.30 1.52

T3 H ThY, 35— 23 EBEnDL O r KBTS H, THS. ZZTRHED
H, % Hipew THET Lt 5. 2L, EBEOFETREICHE>T, dansr, DB
Bt Hyymex DS 01 H, 25 5. dp OfELL Table 81D THB. H,y max
LENE L OBGEY M BhicRicon Fig. 8 Th5. EL Honw=Hi e OBHE
EL, TOBERCERLHNOF - 2231 ET 5. BLALOF - 23 TFREEHLCED 2
fEOM ORI AM LTS EaVbh %, fiE e RABCENECAT 2 TFHE kY &
5 THRBE, My My, My 2360 K Of2iER UTH Y, FHE LT Ho = He e
DOBEN L BRI D (Table 4). —J5, S Hupe=2H, ... OBIHERL, F0BFc
XHIOF =203 /I0T 5. BHE BT ERREFAUHELERAADNDH, EHD&EX
20% 1% Ek& s (Table 4). =B DEERIL, Hynex PMEIEZYLFRETHDZ &%
HeET 5.

—J, BBt L 51 Hyax & Hpex (3 Hy BT 52 E 28050 T 5 (ABE,
1981; P, 1982; KAJIURA, 1983), —h b OBIfREZAIcDH Fig. 9 ThHH. Tkl
Fig. 8 oEF#ET T 5. Fig. 8 & Fig. 9 ORFIR LT3, H, DBED
FRELDEX RN DO LT, FHMEZEMED 1.8 f£4 Lk 1.5 iz LEkT
#»% (Table 4). EFEEL 4 ofImc oh TRET S & W3 E Lo biF, BIER
T dxEE H XX S CHNELEHHHRETRT LR —ATRER & Th
5. EERIEVGCEERRELY L0 3 REMAY 2 TR L Lt kdIHFE L T Aoy D
Kb hiT ry DNBEHCE ez it ko Tk d ko bihbhictELbRD. W
B2hE, Hym: BBEBRRC 4 2E5ACEROHELTRS THZOM LT, H, i
M 220200 RDBNBEFEKEHEDOLZICEH T I LHELRFHETHISLEE LS.

2T, BN BECNT S Heye & H LRG0 BRICSWTHLER
LTEL. DNEBEEC ST EEORE Z LA LR ENTEDL T, Hp OHE
Do Toigls, 2 TN dic 2Tt Hpe DS vic H, OiFKEY RS
LTCEhbETFHNEEOBGREARD L, FEFER 2H, iBAXFIC e Tk D, LA
H, &R OL[ED ERE 5 2 T B ‘(W‘S‘K, 1982). ki, WEIcEBOBERT 451
T IV Tl KELSEoTLESICLITLDEEZDRD., LT H, KB LT
MoMMAMBILAELME, izl M2T7.5 OMBECH LUREEDEREZES &\
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STRBER, UL dunsSry OBART Hypne=H, 352 LICEDTROEHINE
BTHAH.

5. EHEEOFIG

HHEFAUTIZH 50, HEEHZOTFHMALE LTRED 1983 E£KHREE YT Y L1
THhb., ZOHWEX M,=7.9 DkE X% o, CoExXFIAT2E, & B 1oRAK
M¥HE (H) £1UT Tm, ZEfE CH) £ LT Mm 23FEIR5. hboflinc
DEFREDLDTHBTH B LR RET S, BT, X 0 »oRkobhi
Fig. 1 @R 3 X5 BMEoXKETFSER (H) OA7ME IO ER»D OREEEE
B dpw=T0km 2 HHHEEINE Hy\pnee=0m, 2H, ...=10m TH3. M, Dfibhic
M;=7.7T #fA+57biE, RN 1D OoFBALHABZ il s, BRI ERLE M,
DHEIZE—FT 5. L M=T7.7T 2FH+ThE, LRI LPEGERTHEA
B, EINC X »TEBRAE Hymes 12 7.5m, Howx 13 13.8m Th 5 (1, 1986). F
PR EE & ERREEIHEAC T G- T inwhS, BRRGERERIEHRT S EE
SBRII DT b, BRECEVEZATEDTEY, &2 10m OF SRS TH
55 L) FURTELRFCTHRHERITAECSRITLE VS,

BECHEE BT #HERFE LT, 1854 4 12 A 28 BORBEEHER - ©
FEEXITHALTAS. FESE (1987 offtEc Xhig, Biuidbii 84.0°, JiE 187.8°
ThbH. LD M x0T, JEOBRET —2hbRdDbhl: M,=8.25 &%
CHIEEOHRIE LT 8.8 XA L T4 (ABE, 1979). X (6) »bRe 7 H, & 2H,
ENRLZHR Tm & 14dm TH B2, ZOHFITIRERO REEHENELS 7o L h/hEwn

| 1854 ANSEI-TOKAI EARTHQUAKE ° ‘I\'I'n X He ]

X HEIGHT FROM Mg 8.3 x 2H¢
10 " = . -
€ : " 'x xx .:
. F x i*xxxxx x x ]
L " . . E
T sk { ‘}+ x + $ x .
e - xxxx t x . ** 4
w L X g b
_;xx ° o

* 2 -

1ol 8 < 28 =
- = w 2 x N o
- ] < < > ¥ = - =]
E = = - = I 15} T
- = =1 =1 = 5 » - ke
0.5 1.t 1 1 ¢t 1t 1. & .t .t ¢ ¢ ¢t 1 1. ‘p. .t 1.t 0 ;o v .’ 1.1 11
OWNMN= OO TTFMN~OOWWTMON OO~ WWVITMmN
FROOLBLVLLVLLVLLLOMOOMOOONNNNNC NN

SEGMENT NUMBER

Fig. 10. Geographic distribution of observed and estimated heights for the
Tokai tsunami of December 23, 1854. The symbol notations are the same
as in Fig. 2.
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kb, ABLOERETREN Hime & 2H, mx s, EECESRTYS Hape
& Hppo 13FhFh 8.6m & 2lm TH5 (HHE, 1987). X (4) »bRDIBHHFTED
H, o457z Fig. 10 D X 31icics. Kot KiciifAE (1987) 1k 5 EEOXE
FHEH, L 7Ry P LTHD. HE0HERE LT Hy ek % K offi. 1.07 (k=1.41)
THhy, FHUEELEHEERFHELTUIERE TS E V2D, —F, KEIAESE
Hypoe i35 K Offiz 1.89 (k=1.46) TH 5.

6. FHiFHEDOFA

FVENH AT 5 BT EOFEMTRAE LB O/ JIOEEOBE& LR L &
51 M, DBRERNDLRESZ EAHNRS. FEFECT5 ABE (1979) OpERX%
IGATIUE, FRRIZKD X 5 1cEe 5.

log H=M,—B (14)

Tz, B REECGEREEYETEN TH S, EROMECK LTIt B=8.8, 75 =
ART YV a— Ve VOMBRWE LT B=9.1, 245+, »TEOHMBCH LT B=
8.6, ThoDYHEL LT B=8.8 TH%. ¥k, SAEOEXMBICOWTIL M,=M,
OBFRIZLT LI b/, BED L ZAMBOEBCEHF IS M 1% M, Z#o
LDTHDN, M8 OHWEN M, 8 o [EX] MTicor M,9 o BEX] Mo
PRIESED ERBS BNENHB.

SEEEDKEE (Hpes=4m) OFIE 1952 465 &5 © o HHIEEPE & 1960 £ U s
BEO2HDOHRTHS, FHEEOZEHI TORKEFT — 22 Table b ez & Th 5,
ZZTo M, Ooffiz ABE (1979) X v RDdHRIL D, Ei Hymee ELFMEFHOF
Wi H offirhiGss (1953), S&F (1961), + VA ARMAEN (1961) %M
F— 2% &z KAJIURA (1983) oFiETcHiicRkdicdDTths,. MBZEAMNE
DHFELE - THIZERTH A2 &b, FHIRE My AvRER b, K (14) »
SRDAFEE Hox H X0 152 EEDY, Hymee LZIEALTH D, Lovd 2H,
X Hppx 0BT KECEETSHS., ZOATTHE LRSS L OMIGIZE WL W2
5.

Table 5. Run-up heights of major distant tsunamis.

-~

H.-=observed maximum height. H,, n.<=observed maximum of local-mean

heights. I;'=regional mean of observed heights. H,=estimated local-mean height.
n=number of observations.

Hox I'}n,mu " H, from M,
YEAR MO DY REGION M, M, M (m) sy (m) n b (m)
1952 11 5 Kamchatka 9.0 9.0 8.2 4.0 2.5 1.8 55 2.5
1960 5 23 Chile 9.4 9.5 85 8.1 4.1 3.2 669 5.0

7. BRLTELED
B~ =Fa—F M OREREEE AT 2 2 —OHLUAIESNT, HEDO~ =
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F o= FOEEELYRD B OFRRE T 7, T OBICHIE O BB S DR
BE s O BERREOMIRME L ol s EREBICERT L LR L - TTFHOBEYR
B+ Xy Lic. THEEERED 24k %E Ratd 5edic, BEOFFCH LT HETRIS BE
BT o o AP O TR LTHELIXE LW, FIA LA X » Tk, BEER,
R E B EOEE OE A MBI TS SV IHEETE S LW ) HTHMCER TS
ALEbhs.

SEHEFCHT A TFRRIKO I et tdbhb. Xk C 3HMEHETHY, =
Gl B K EEoEF I LT C=0, BFEoRFE LT C=0.2 &3 5. /HXHK
CORETHE He &% 2 TOREME Hames 13

log H,=M,—log 4—5.55-+C (15)
log Hy, mex=M,—log 4—5.25+C (16)

ko THEL bR, KERECH L TRARMFAE Hamx & 280 BT 2HEE Haux
BROBER TN DHES LS.

log H,,max=0.5M,—8.80--C an

log H,...=0.5M,—3.00+C (18)
<7 =7 . — FIZBIF 32BN E LTI

M,=M,=(M;—1.44)/0.79 19

VS, CALOFURE—HD LA ¥ 75 22T &dicns Fig. 11 Th 5. ko
FRE (ABE, 1981) X b~/ =9 o — FodmoHE, BEEEOMEESE RS
TS RCEER LD, FILVWEAT 77 23000 Rr —Anbin s, ROTHEOK
B M., otk M, #3583, i, ENofEi P oBtic oW T oFE,
HRlo#tEL B ABOREC oW TOFEELE 2 5. BHif MAX RUN-UP 3KEE
T D Heow (=2H,), i MAX LOCAL MEAN (% H, o (=H,), B LOCAL
MEAN 1383 OEEERORRE LT Ha(=H) wtrhFhaitds.
—J7, mEHIOKFE IR S TR
log Hy, mex=M,—B (20)
log Hex=M,+0.3—B (21)

chExbhb. ok, B offi LTHXOMEBCKH LT B=8.8, 77A17 ) =
— v VvOREEH LT B=9.1, » 2F 5 » » T EOMECK LT B=8.6 TH5.
KB TOFREOTEN T M OB LEKET S, —c M ORERER 0.25 &2
FETHDHEEhRTWEY, M, OREFECHRCH ST M, OFER 0.1 BEET
mELTWS, HEEHEOFHERILE, M, ORELREEELHFET S LeThicd
B BB OB 7 — & OIUEEAY T T5 2 LIZAB D & THSH (KANAMORI and
GIVEN, 1983; fEE - fi, 1987). %7z, M, OREIcPE D DI RT O HIA KA
BHOEEAFRATA LA ELDR IS,
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EXPECTED HEIGHT FOR THE PACIFIC, m
EXPECTED HEIGHT FOR THE JAPAN SEA, m

Fig. 11. Diagram for estimating tsunami heights from earthquake magnitudes.
MAX RUN-UP=H,,- (maximum run-up height), MAX LOCAL MEAN=
ﬁn,mux (maximum local-mean), LOCAL MEAN=H, (local mean), and 4=
propagation distance. M, is the surface-wave magnitude and M; is the
JMA magnitude used in Japan. The ordinate on the left is for tsunamis
in the Pacific and that on the right for tsunamis in the Japan Sea. This
diagram is constructed from Egs. (4)-(11) in the text.

RESLIEFIC R 5 7e 2 & TlkinvAs, 1896 A FEMBIFE A bR D X 5 i D0k
FISEPSOECH L UREE O TREN E o e R DI, HEE R L CAE
DRE ST N DRRENC NREMEOKE Z] A0 biunbThd. DX 5k
HEHEZES 90 Fir X offic 10 Bz Tk ), FOMEITMEREELENH 1
HTH D (T8, 1988). b DMBEIC X A OFE 2 # = X A EH:TH b (FUKRAO,
1979; KANAMORI et al., 1986), Dz A B XS B DI LT b, L
L, /e &Th - THLEFEMELFIIE Lisvfedbiz, MkEo—RE LT, EREC
HBHEREBEL, ThobROTEBENS M2 X > CTPUELERT 2 & B ER
RHEPHESINTLRVEELZ DR S, HEHETH DM E 5 hOHEEE» b Tk,
M, T7ehbbEERT v o VOFEET UL L RE e MEE X BIZT 5 = &3 i o®E
FUZET TR O TERWEELTRETH 5.
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Estimate of Tsunami Heights from Magnitudes of
Earthquake and Tsunami

Katsuyuki ABE

Earthquake Research Institute

A method for estimating tsunami run-up heights from earthquake magnitudes is
developed by taking account of the definition of the tsunami magnitude M, and the scaling
relation of earthquake fault parameters. Except for unusual tsunami earthquakes, the
local-mean height H,(m) can be estimated from the relation log H,=M,—log 4-5.55+C,
and the maximum local-mean height H,(m) for large tsunamis can be estimated from the
relation log H,=0.5M,—3.30+C, where M, is the moment magnitude, 4 (km) is the distance
along the shortest oceanic path from the epicenter to an observation point, and C is the
constant. This constant is taken to be C=0 for tsunamis in the Pacific and C=0.2 for
tsunamis in the Japan Sea. The locally maximum run-up height is estimated to be as high
as 2H,. For earthquakes around Japan, it is practically convenient to use M, or local
magnitude instead of M, with caution. The local-mean height from distant tsunamis can
be estimated from the relation log H,=My,—B, where B=8.8 for tsunamis from Peru and
Chile, B=9.1 for tsunamis from Alaska and Aleutians, and B=8.6 for tsunamis from
Kamechatka and Kurile Islands. The results from the present method are consistent with
a number of data available for previous tsunamis. For near-field tsunami warning purposes,
the relationships discussed here are summarized into a simple diagram that might be useful
for the rapid estimate of tsunami run-up heights from earthquake magnitudes.




