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Regional Difference in Maximum Velocity Amplitude Decay
with Distance and Earthquake Magnitude

By

Shin’ichi Noguchi

National Research Center for Disaster Prevention, Japan

Abstract

More than 36,000 maximum velocity amplitudes recorded by short-period
vertical instruments (natural period 1 second) at 65 stations in the Kanto-Tokai
seismographic network for 1,705 shallow earthquakes (depth=35 km) are used to
investigate the amplitude decay as a function of distance. The observed amplitude
data are mostly in the hypocentral distance ranging from about 10 km to 250 km
with average distance of about 100 km. The relation between the maximum
velocity amplitude Ay (cm/sec) and the hypocentral distance K (km) of individual
earthquakes in this distance range are expressed well in a form of regression
equation logAv=8—a logR. We calculate ¢ and 8 and correlation coefficient r
by the method of least squares. For statistical analysis we treat earhquakes only
with N.28 and r 20.8, where N is the number of amplitude data observed for one
earthquake. Using all data we obtain an average ¢ is to be 1.955 in the Kanto-
Tokai district. However the average @ of earthquakes in a limited area varies
remarkably from area to area, ranging from about 1.6 to 2.3. The regional @ is
relatively small for earthquakes along the coast of the southern Kanto-Tokai
district and large for earthquakes in the northern inland area. This regional
difference in o is basically due to the existence of the Philippine Sea plate under the
Kanto-Tokai district. The ampiitude of seismic waves propagating through the
high-velocity and high-@ zone in the lithospheric slab decay less rapidly than the
one through the low-velocity and low-¢ zone in the asthenosphere or in the
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heterogeneous crust. Then the magnitudes of earthquakes determined through a
formula which assume a constant @, have a substance of regional magnitude biase
when the discrepancy between o in the formula and one chserved actually is

-considerably large. To determine magnitudes of earthquakes with various a, we

introduce a new magnitude Mxew which is defined as the logarithm of the maximum
amplitude at a particular distance whatever the o is. Substituting ¢ and 3
obtained from regression analysis to a known empirical relation between M and the
maximum amplitude at £=100 km, we obtain the formula as

0.85 Myew — 5.96 = ,@ - 2a
We find that the routinely determined magnitudes Mcor, which is calculated from
a formula with @ =1.73, are larger than Mwzw for small earthquakes and are smaller
than Mxew for large earthquakes. This is due to both incorrect distance correction
of the Mcpr and different distance range of the amplitude data used to determine
Meor between small and large earthquakes, Though the Mwew is an ideal magni-
tude for local earthquakes, it is not necessarily in practical use since « and # of
individual earthquakes have to be calculated precisely from a number of amplitude
data covering F=100km. Instead, we define station magnitude formulas by
calculating & proper to each station from amplitude data with =200 km. Then
the formula of each station magnitude is defined as

085 M — 596 —logAv + alogR — 2a
The geographical distribution of @ at each station also reveal the lateral variation
of the velocity and € structure beneath the investigated area. The average of the
station magnitude calculated from the above formulas give a spatially uniform
magnitude for shallow earthquakes in the Kanto-Tokai district.

Key ward maximum amplitude decay with distance
earthquake magnitude in the Kanto-Tokai district
inhomogeneous structure
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Fig. 1 Distribution of 65 seismic stations used in this study. Vertical velocity type
seismographs with natural period 1 second are operating at these stations.
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Fig. 2 Relation between routinely determined magnitude Mcpr and N4, where

N, is the number of maximum amplitude observed for an earthquake.
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Fig. 6 Epicentral distributions of earthquakes with depth=35km used in the analysis
of maximum velocity amplitude decay with distance. Six rectangles except 3
show regions in which seismic activity are remarkably high {see Table 2).

i, BERATDI I 2MEMREM LR XEEREOMEDERE » LTS, M=34%
BB D, BEEBRICCARBIIOVWTROL(ORD a, B & (DEIBFRLS. B, ¥
TDEC, EREOCOARADCERRDO R=100km iz 2RIE(logAv=8—20 £7:5)E(T)
ADOM=3DBEXERogAy=-3.41, Av=3.89x 10"*cm/sec) & DENEEIEF - 2 DL
BRI,

CHRIZLD, LEFHED 1,105 BOBB > THRK 36,008 BORET — s % M=3DiE
BILEBRLERALRLHOBARE L BEEREOEEYRDL, REDELEOR, &4
Bk logR, RIKI O ChLOMEYZLLDTESE, I bBIERETG), (DBY
ERDREEHEDE L (Rb % <A, B, CoEE),

Al logAy=6.466—1.9551l0g R
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Table 2 Pericds and Mcor ranges excluded from analysis for earthquakes
in six regions in Fig. 1.
Latitude, Longitude ) Periods Mcor
No. (°N, "E)g Region {Year month day) ranges
@ | 36.50~36.85 near Ashio 84.11. 1~84.12,31 | 1.5~2.5
139.30~139.55 88, 2. 1~88.12.31 1.5~2.5
@ 35.75~35.90 W. Nagano 84. 9. 1~84, 9.30 1.5~3.0
137.40~137.70
@ | 35,40~35.55 E. Yamanashi | 88, 1., 1~88.11.30 | 1.5~2.5
138.90~139.15
® 34,85~35.05 E. 1zu pen 84, 8, 1~85, 6.30 | 1.0~3.5
139.10~139.35 85.10. 1~86. [.31 1.0~3.5
86.10. 1~87. 1.31 1.0~3.5
87. 5, 1~87.10.31 1.5~2.5
3.5~4.0
88. 2. 1~-88, 5.31 1.5~2.5
3.5~4.0
88. 7. 1~88.10.31 1.0~3.5
® 34,50~-34 .85 near Ohshima 86, 2. 1~86.10.31 1.5~2.5
139,20~139.55 8 .11, 1~86.11.30 2.5~3.5
@ 35,35~35.55 E. Boso pen. 87.12. 1~88. 1.31 1.5~2.5
140.30~-140.55 87.12.20~88. 3.31 2.5~3.0
2.

83. 2. 1~88. 3.3l

lOg A\,r

L

N log AV (100) = B, - 2,

0.B5M - 5. 98
-3.41, M=3

logR

@7 2#(NELFNBD o, F 4 HEEF — 2 2 EED M =3 OBREC

E®TDHE,

Fig. 7 Schematic figure showing how to convert the cbserved am-
plitudes to those of M =3 using both formula (7} in the text and
o and S obtained for various size of earthquakes.
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C . logAv=5.050—0.0043R —log R

B RY, F-20H B R=10~250kmich b, chboRRICOWELRETLILO
THB, T, ThHIROWBR, R=10kmiETELE. “hil, £F—F0ELH
R=100km f:EcsH5 2 ExRL T 5,
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[TL o LBETAL, T, AL BOMROBERKOKIEr 124 +0.88, 0.8% Tz
EAEER, RPBRIFB0mBETRBELRCOERINEVI SR LD,
T2 RS EFTE 10~200km, iz RA3100 km LI FORBEEO AR T — & O 53 H % HEH
THLDIXADEAEL T3,

UtoXse, AEEAEIE0 L TEHHBHc L 25E - FEwRoR  WEBORKEE
WIET — 22 b, (OROEBREARL « DOF#HE, RA200 km BEL T TRIF2.0 L5,
T, COBROBVHEBOM L2ORYAVTEHLIHE, o= 0BFELT<ETHA
5.

6. BEAIBECERERDBigH

o, O~Corg(X6 X1l 2R)OBB-SVT, BERETEDRlogd v i log
ROEFYELHTRLA(R 2B, EROBBRNAD Ruw~Ruax TH2, BELL
TELATINZLBB), (DAOM=1~4SEFRBECREHRY T LA, BEROSE o1,
D@0k DOHBTELEENALNDY, £46L L TRABOHE I L & T
CRE—ELTV3, B0 Tle=1.T3Eb0ME M, 0,0, Tl AnGE
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BEE ELILE LA BEMAALN, BREVBUEOSRCEZ DO ETORED Ry
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ZEe@ L, REINkm 2 F— 502X HVEBEDD B0 TH~, HL, (b)
DR=210km D aid, T BN ORELXDPDHDO N,26 DHBIC>WTHEL .

K10 (2, EHBICSCTREEBEYROTET s 2BV L0 aDFHE2 T, a®
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el L8 LAFThave, BER LRABECRRLUSMEY, B L#,SIEIECERL

— 19 —



CMsSEC

MAX IMUM VELOCITY AMPLITUDE.

MAX IMUM VELOCITY AMPLITUDE . CM/SEC

EUFKBEREM 2 —HCER $E6E 1990%E2F

g . 35.50-35.85 N 139.30-139.55 E ot 38.75-35.90 N 137.40-137.70 E o1 o 39.75-30.00 N [40.70-141.00 €
K= |44 N= |32 E N= 105
@ |.*
3.0,
Ay
ot L o? b
5] [}
¢ &
‘i ~
3 2.0‘\ E
" 1
o [ [=]
[ ! L
2 2
u ook
o Ly
P 2
= -
L 5 Jiet
t |
g ¥
b3 =
3 3
= >
o $ e $ i
v
e . L . ) Lo L : ) o L L " [
' 1o L. 1! -3 1w 16° 3 Jtd
HYPOCENTRAL DISTANCE, KM HYPOCENTRAL DISTANCE. KM HYPOCENTRAL DISTANCE. KM
ot 39.40-35.55 N [38.90-(39.15 E ! 34.85-35.05 N 139.10-139.35 £ i 3i.50-34.85 N 139.20-139.55 E
N= 78 N= 208 N= 107
M
.y
3.0y
\
.
1wt wr b L
g nt
& &
H 3
2.0, 3 (=]
\
uy w
! % 10t % 101 |
[=4 =
a -
1.0 % %
\
Y
- r
z " [
1t g (L0 §'°‘
u
¢ S
> >
10 Z it Z 00
7 Laew L R ‘ g : ) - L. Y|
" =‘0_‘ \‘o’ o o \lo' o -4 “ o i 1
HYPOCENTRAL DISTANCE. KM HYPOCENTRAL DISTANCE. KM HYPOCENTRAL DISTANCE. KM

ES 6200 MBOlogdy L logROEREEGE 21 <), HHRE, D
Q97D X 5 M=1~4 DBFELYRT,
Fig. 9 Regression lines for earthquakes in the six regions, excluding events in Tabte
2. Dashed lines in each figure represent the amplitude decay curve of M =1 to
4 earthquakes derived by Watanabe {1971), respectively.

— 30 —



B 10 (a)

Fig. 10 (2)

10 {0}
Fig. 10 (b}

BAEERROEREFEO R L UBO v 2F 2 — ¥ — FQ

AVERAGE &

DEPTH: 0-35 KM. |G8&.4- (988,12

1.8 ] 1.9 1.89
-4 192 1.9 /.80~
i 7
Sl .93 1&r &6
P X Ay
AN 188 LT 1.57 ‘\151‘92
/ : |
ot 18 { 20 | 4
137.0 138.0 139.0 1400 i
AVERAGE & DEPTH: 0-35 KM, 1984.4-)988. 12

(b) R<100Km

f i

202 42 20

Iy

2.00 W&
Y |

133.0 1403

1% 9

MECZEISOEBROIBLULEORBL OV TSI g D ERES S
W o BRERYRCTET - 2 0 HHE,

Ditribution of coefficient & in formula (6) in the text averaged for three
or more earthquakes in each rectangle with latitude and longitude range
of 0.5 degrees. o of individual earthquake was calculated without limit-
ing the hypocentral distance.

(@ ERc LT, BEEE 10km UTOF— s bt B Lo 0%,
Same as Fig. 10 (a). « of individual events was calcultated limiting the
hypocentral distance below than 100 km.
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Fig. 11 Distribution of logarithmic maximum velocity amplitude
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in equation (8). It is expected that M from equation (8) at near
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