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1. EXAHhE

THETHRMEDKRWIEICDWT, BE I (KSTEERR), ERiERE 4 (km),
= r=2Fa—-F M (KETHRN) OPfFEELTERNC>WTHE L (FHE, 1984,
1986, 1987). “h b DEBRRERD ZBCH T —2DI1d & A S 4 28+ km Uk
DERMED L DT, BRATOBATED TR, Bk (5, 1986) i~k 3
Z, ZhooRie 4=0 LEVTELWHEXEREOEE L T20RMERD D, B
RASEOEE I, & M BIOEREDCFEE b L OBRRIINCHANSLEN S . KFE
ZORER TR - T 5.

AETRRhEFTRLERD L, M, h (km) OFERIIBEIRTWS, Ezid

M=0.61,4+1.8log h—1.0 (GUTENBERG and RICHTER, 1942) (1)
M=(2/8) I,+(4/5) log h—(1/2) (MEI, 1960) (2)
M=0.5I,+log h+0.35 (KARNIK, 1965) (3)
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2u P oTedd, SERESITPIVHBEOF -2 &D 5. NEWHIETLERMT T
BRLIEA—T, KEVHBIZOWTOEBRMED T — 2 3BHTHRWnbTHD. 7t
B, BEROEZL 100km 2 TOL0oxH 5 2 & & Lic. HARDKFHEREMNILOME,
Bl SR OER E, REBRE AR AL 0TY, BREEOCEERRFEER 212
BE@A I E R THE LTV 5.

B, SEFLHEORVGIBEC DWW, M2 BEDCLDOETERE M #ED
Twd., L, thbpED M L MEEsRNOTGE ke M L OEEHIIT-
EhLiwl, &8, SETTL/NNIBDO M OEDH YR T HAREMEIH 5. Rt
o M 1987 FEEKETFNRELTWS M ThHH, MOFRHKDO M L3 ETORMK
e Thre b s LR GHICE S HERD .

AR E L TR WRRBEXROIE O L DTH 5.

1923 4£~1987 0 M 6 LI EDOWE, S IOThUT L #Ee s B (Fi,

1982, 1985, R ULBINERD.

1932 4~ 1943 £, 1951 4E~1960 4, 1968 fE~1986 sE > M 5 LA ED#hiE. 1944~ 1950
SEITRBATBIC Y 0 FIT S i F— 205307 S BE LM, B B 7, 1961~1967 4
REFEOEES 20km AR TRD LR TS, M 6 LT OmEEERER L.

1971 4£~1975 4, 1982 £ ~1986 FOKETIC LY M HNEDHLR TV BHIE. =0
10 SERC/IIRIE DWW TOF — 2 IFEHFICBEL R, foks, 1986 £ 11~12 A oftgk
BfEOMEBI oW, 11 B 17T BHETé&, 11 B 2L B 16 By s 17 ¥ RO
11 B 24~30 BicfR o7z, &R EBT3 EHNLEE, ZOMOMEBICY =4 2
MOTELERbLRICHDLTHB.

P EoE (A<100km D% D) OWTERMINKELETE (KNBRNFTXER) ©
B ABEDT — z&ED. BRMAEEXUTOELE 1)~ @) DnWIFhrkiii-35
ETHD.

(1) BRESAEEOEZD 12 HA, Tihbb

A=h/2 (4)

A=h/2 Dk EOEFEEMT 4=0 0L & 1.12 ff7coT, ZOMENTIEL, TBEH»
B OB X ABEDOEITIZEAEIMVWERTINA D,

(2) HBEENERE (HER) AL2VILTOEFKH D 2 &, KEROER L
(km) & M DBFR log L=0.5M—1.8 (UTsu, 1961) ##E 1L C

4102 km (5)

Y EHLC L, M=6.5 OMTHTOWTIE, 4 Mo DE&paiiicT (1) HOLMFEH
TR WLBRACOWT, KRESTN, HREDHKEZER LoD, FEINCHRE LEREZR
71z, Table 1 it M=6.5, »5\ % M<6.5 TLEESLUEDEE, D) HHWiT
(B) K& TF—2%2FTNTY AN L. ZOWMBMCTEHAE Lich o, BILEAN
B LR TV LA Lt DTH D, M<6.5 DB DWW CILAEERN L<b



BEREOEE—EHOEE—~ /=7 - — FORR 25
Table 1. List of earthquakes of M=6.5 for which seismic intensities were
reported from JMA stations near the epicenter. Earthquakes of M<6.5
for which intensities of 5 or more were reported from JMA stations near
the epicenter are added. “Near the epicenter” means that the epicentral
distance 4 satisfies the condition given by equation (4), (5), or (6) in the text.
eAE  mE A gLy M BWEE EE q, W F
1923 9 1 Bg W O = 20 7.9 B A A 6 27.9 Q)
” il B 6 36.2
” bt b 6 40.1
” B 23 5 59.3 REH
” by = 6 69.4
1924 115 R o B 20 7.3 1 bl 5 41.9 REEAH EQ)
1925 5 23 B K i B 10 6.8 & el 6 8.1
1927 3 7 %o B 0 7.3 =g He 6 4.4
» B 6  29.6
1927 4 1 % & B 0 6.5 =4 H 4 13.9
1927 713 REFEAGM 100 6.7 W £ 4 24.8
1928 5 21 il 70 6.2 Y 3 5 26.1
1930 11 26 dt ft B E 0 7.3 = = 6 12.2
» BB 5 18.4
1931 121 # = ¥ B 100 6.5 B # 4 9.2
1931 921 7§ B OE M E 0 69 mB % 5 14.6
1935 7 11 2 v 10 6.4 iz [l 6 1.1 #(3)
1935 918 @ W 40 6.7 W 4 13.38 EW@
1936 2 21 A KT E 0 6.4 AN /N 5 12.0
1941 715 £ B O B 0 6.1 £ g 6 8.4
1943 3 4 B B R 0 6.2 )= biyg 5 7.3
1943 3 5 BRI E 0 6.2 =i Ji7d 5 4.4
1943 9 10 B o B 0 7.2 )= bij'd 6 15.2
194412 7 H Wi E 30 7.9 B B 5 49.2
” b i 5 83.6 TEEH
1946 12 21 B E 20 8.0 b iz 5 48.2
” brd B 5 150.2
” = fn 5  202.5
1948 4 18 HE 4L B 0 7.0 i g 4 23.1 TEH
1948 6 28 B o o B 0 7.1 &= FH 6 13.7
1952 3 4 + B oot B 0 8.2 TH 7 5 118.9 TELH
1952 7 18 H OB o B 60 6.8 1o 5 4 5.8
1960 10 9 HFHERB R 70 6.9 VAN )= 4 28.8
1964 6 16 moB o B 20 7.5 g4 =) 5 50.4 £ (5)
1965 11 13 E B M & 50 6.5 B 5 4 23.5 RERF 1 (6)
1966 123 MAAERME 0 51 & R 5 2.8
1966 2 7 AAREERME 0 4.9 N & 5 4.8
1966 4 11  IMRBERE 0 4.7 B R 5 2.8
1966 417 MRPERBE 0 4.7 B fR 5 2.5
1966 417 AREFFRIBE 0 4.7 % fR 5 4.0
1966 5 28 MR TR R 0 5.3 & R 5 2.9
1967 10 14 M RME 10 53 % fR 5 2.2
1968 8 6 TEEHE 40 6.6 F MG 5 19.0
1968 9 21 H bl Gy 80 6.9 H ) 5 20.1
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Table 1. Continued.

AR wmma oM mwer ome A w o
1970 121 B & W R 50 6.7 H R 5 18.9
1973 6 17 RSN EVE 40 7.4 B = 5 49.8
1974 5 9  {PEREEME 10 6.9 H I 5 7.8
1978 114 FEKREFHE 0 7.0 K B 5 12.0

1980 6 29 FEEEHSTIH 10 6.7 W ft 5 18.4 A

” X =3 5 22.1 T
1982 321 i 9 ¥ s 40 7.1 W™ 6 18.1
1987 1 9 % F B g 72 6.6 B 4 26.1
1987 12 17  F IR W H ob 58 6.7 I 5 26.1

E () BHBECIMCRER L TR CEE 6. (2 AT LB CEE 6. ) AXER. @)
EZR ISR ELROUPRETOWRDI h=0km 138, HENE - &, KEOBENT
REMBHZT 30~40km BELBbh 50T, h=40km ELBHTHA. 6G) KLFEH 20 km %%
TPDIFESL A0km THH7, BEAROTELKEDOTENTHLHRTL - ERWEEBbR 3
DT h=20km LEFDTHRA. (6) ZEF OB SE R TWBOT ISC 10 X 2 EEA
TWBH, [EFTE h=0km & LTWw5. WIic LT EEPSERS AT O TR,

MBIV EBRSZ DT, (B) KA THaRFAlE LTAT 2. 6) K X b
M=6.5 T 4=17.8km, M=6.0 T 4=10km, M=5.5 T 4=5.6km &7 5. M 5.4
BT 2Tk OGME: (8) 2355 DT, AFELERTHLEI L.

(3) LEof&#wiiicsind &y, ERENE bkm DINOBEN ST CERAT 5.

4=5km (6)

h=10km DIETIZ 4=5km 75 (1) H X WA IR T 505, KR EET 2
WA Te . NBEETIE, 4=5km O ITEFIRA S 5 UILF O & TV 2 70 s
BELHHIN, ZOBRRENELEDEF— 20810 H-TLES L, BEMBICL M
BhHT ExFL, THUERAEPNEL Licvz & & L.

EROSEMHIC L 5T, WIEEOMMH, M O, SEE Ly — 2 oy 1114 fEc
H5.

HEHECTL, BRODCKLEZNECEEN D e, 1945 £=HE (M=
6.8), 1949 F£4THINE (M=6.4), 1961 FEMbE (M=5.2), 1968 £1 U OME (M
=6.1) %1, HEOBMRAELENLR S L, TBREONIE ) OWASTEE 6 ISE LT
fekabh, L LERMPECKEEENHIVITE 6 228 I e TREMA E L. —3F,
1931 P EHE (M=6.9), 1961 FAtIyzBliE (M=7.0), 1966 ik ILdrElihi:
(M=6.6), 1971 FKERHHRTIBE (M=6.2) ST RMANCEE 61253 Lcibsd »
Slehd Ly, EHURORIEAMNIEE 6 TH- oL ixBbh Y, SRfErgsew
BhDHolck LTHIEED LS SHICREENE . - TRTH D X 5 FIDZR AT b
LT TERMAEDOEER 6 &5 27 — 2w PT OEYS T 0T, RALNHER
¥, F-2RREEBOBBMEOICRE S L E L. 7L Table 1 @ 1935 4#i
OV, FLWHEESMORELD b, BECHMFRR B OMEBEICYES
BE Xbololabil, BEG LHMEIhLELhADT, AT LE L, Table 1
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Fig. 1. Seismic intensities near the epicenter plotted in M—h diagram. Hand-drawn curves
indicate the approximate borders of the areas of intensity I, and I,+1.
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BEDI S L TRBLIERCSTBRE I, 07— 2%, h & M eL< o =
vy PLIch DD Fig. 1 Tha. BEXERITHREVLRAUHTC 5L 13, Wbl r
SHLILLTRALTHS. CORERDE, HAEE L & I,+1 I,=0, 1,..., 5)
DR OEEFILLT UL HEER Tl M OBz L OBROBRE LTIV 0,
I & I+l oBRBathI b Lo I, UTo7— 208, FAlo L+1 LEos
= ZDWEPRIFFELLIRD, »OoREHEVSRSREMIL VIS LTHS.

Figo 1 RB2~7=52—F, »5EIOMBEOBRMTICHT 5 BEDHYA o3
DL, CORERTHIGML = &

(1) &% M ovniesds I, © b Tk 53, M ARSI EDies

(2) &5 Mizkids I, 13, h ROTESL BT KEL D,

(3) Iy 2N WFTCHERRORIEA R /5.

IRODOHRZEAR, AN HMAHORERE LT 2T

M=al,+pBI:+7log h+6 (7)

DD DERMBT B L L, BN2TETHRE o, B, 1, 0 EDE. LEL, TE
DENT = 2B ERD DI CHEETH D & & EFBLT, 10°Y0 ChfF 2 v = b
BT -2t T, BRI =0 TiMER VA, KEFT =0 ERD BT
HHBEORBEDOWS I km THA 5 L E 2T, h<8km DHEIZ h=8km 12 FE%E L/,
B (8, 1980) ThiliNicksic, BEODT — 2 W28 L. 5% M, h o
WERTRE0ARHEShIcL W) C ERBEEAHRTH D, TOF— 2B TTLES O
mifv.b#b,0;0¢§v%§@%§§hfm&m®f,%E%Kﬁét&w%ﬁ
=1, =2, EFNSUBLMEDTL, FRTBEOLMEIATLS. 20k5h
T2 T DE IR 2FECHT B ORXTHEHLL DT, & o TRETLET — 2 2 H T
B 2FBEC LD () RO4FHeED, ToRCL? L=0.5 cmis+s M b,
M 7 0.5 D EPNSGHEDORET — 2 BIRT 52 & & L, BE2EEL LIz o
i, HIBRLTH L Th, FERICENEEALHTI RV, BIBREDF — 2+, bizo
WTEED T 4 REE D Tk R

M=0.281,+0.105 I,*+1.2log h+1.3  3km=h=<100km (8)

ZHEATHI L L L. ZORRIBEE I, & L+1 0ERE, Tihbd (8) Ric I,
=0.5, 1.5,+-+, 5.5 LEWHED M-k fiig% Fig. 1 LA UF — 2icfihied o

Fig. 2 TH 5.
ek, M5 HUEZHLT 8 K% I, oTx & uwRicddTh s L
M=1.21,+1.21log h—0.83 (9)
Tiebhb

1,=0.83 M—log h+0.71 8km=~r=100 km (10)
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Tig. 2. Same graph as Fig. 1, but the curves are calculated from equation (8).
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5ELTYH 5 E P,

4, = 72

Fig. 2 22 L, BRAEDOEEL B) ik (9) RThzbhsiHa it LT,
Rt £1 OFIC S EE 5 T 525, 2 BOBALETHS. « DIEboX,
WA SEMGAEOE, WROWE (ERIEE, HRENERY), SEYEOEAZE
RERIBLDTHSH. TEVPMUBCOLTESDEAAE VO, WETEHE
I CHEGER 2T  EREEDHIEDBE LV D &, BEBHC X B IEEN A & < TRIREREE O fiHs e
EONEBCHET s L Ebh.

H5 M, h OWEORERMEDEER 8) RIC X - USIFHETEHM, =B/
HECOWTIRELDENKREVCZ LICHAETNETHS. 2 hLORIC X AEETEY
WiefiTH o0, AIZED%5 M OMWEDRBITOEENRNS 4 L/ ot & 213,
FIFOT LT CRRE SIS, HEND 2 3B 27T 5 M0 o

—Ji, BIAEDEE b Th, Thnb M %HEET 22 128 Ly, A=5km
DIFETEES T7ehb L=4.5~5.5 L5001k, (9) {hbid M=5.3~6.6 TH 5
B, ORI £l OIEBOERRALE M=4.2~8.1 3 T5H0 5 5. P M4 FQ
DB TH, FUNTCEERMPECHLESELD L0 B0, £ M8 75 A0k
B DRIRIBPIC b EEE b OHILEN B 5.

E &
T 2R - A, RIO(ERIC O\ TIES TR O & 5.
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Relation between Seismic Intensity mear the Epicenter,
Focal Depth and Magnitude

Tokuji UTSU

Earthquake Research Institute

An empirical formula for the seismic intensity (JMA scale) I, near the epicenter of an
earthquake of magnitude M and focal depth i has been determined using 1114 data on
seismic intensity recorded in Japan. The formula has the form

M=0.23 I,+0.105 I,>+1.2log h+1.3
for M=2~8, h=3~100km, and I,=0. For larger earthquakes (M=5~8), this formula is
almost equivalent to

M=1.2I,+1.2log h—0.83.



