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The Gutenberg-Richter (G-R) relationship log has been used to describe regional

seismicity. However, a number of studies report that the Gutenberg-Richer relationship does not

hold for seismicity around late Quaternary faults or active faults during the entire seismic cycle. In

this paper, we first report our study on the influences of di erent catalog intervals on seismicity

analyses around six major strike-slip faults in southwest Japan studied by Stirling in . As

a result, we find no essential di erences between two observed annual occurrence rates estimated

from the di erent catalog intervals, with the exception of the Tanna fault where the characteristic

earthquake, i.e., the Kita-Izu earthquake (M . ), occurred in . The results obtained after

excluding all events in show much lower seismicity than that predicted by the G-R relation-

ship. If the G-R relationship holds for one complete earthquake cycle, seismicity during a time-

interval including occurrence time of the characteristic earthquake and its series of aftershocks

should show much higher seismicity than that predicted by the G-R relationship, because the

highest activity during a seismic cycle occurs in that period. However, the actual seismicity over

years including the occurrence shows, at most, activity equal to that predicted by the G-R

relationship for the Tanna fault. We also discuss the bias caused by di erent spatial sampling

methods. We propose a new method, which is applicable not only to strike-slip but also to dip-slip

faults, to extract seismicity around active faults and for application to the six strike-slip fault

systems using the unified Japan Meteorological Agency catalog and fault data that have been

improved in recent years. The results show that the observed seismicity is lower than that

predicted by the G-R relationship for all fault systems including the Yamasaki fault system, which

showed higher seismicity than predicted by the previous study. These results hold even if the

sampling volume is doubled.

: the Characteristic Earthquake Model, the Gutenberg-Richter relationship, Late Quater-

nary fault, active fault

(Wesnousky ; Schwartz and Coppersmith,

The Gutenberg-Richer (G-R) relation log ; Youngs and Coppersmith, ; Wesnousky,

where is the number of events with magni- ; Stirling ). The magnitude-frequency

tudes from to and and are constant distribution (MFD) around a fault shows a gap in

values, has been used to describe regional seismicity magnitude between the largest event and other

(Ishimoto and Iida, ; Gutenberg and Richter, events. The largest event was named the character-

). On the other hand, a number of studies report istic earthquake (CE) by Schwartz and Coppersmith

that seismicity around a fault or a fault system does ( ). Figure is a schematic illustration of the

not satisfy the G-R relationship across the entire discrete and cumulative forms of the MFD for faults

magnitude range for one complete earthquake cycle during one earthquake cycle. The CE Model has a
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Fig. . Schematic illustration of discrete and cumulative forms of the MFD for faults described by (a) the

Gutenberg-Richter relationship and (b) Characteristic Earthquake model during one earthquake cycle. The

MFD of the G-R relationship continues to the maximum-sized magnitude, although a magnitude gap exists

between maximum-sized earthquake and other events, and the size distribution of aftershocks is assumed to

satisfy the Gutenberg-Richter model for the Characteristic Earthquake Model.

magnitude gap between the characteristic earth- combining instrumental, paleoseisimic, and fault

quake and the other events, although the G-R rela- data, and concluded that the CE Model holds for the

tionship assumes a continuous log-linear MFD. The southern California faults. Stirling ( , re-

number of events with magnitudes smaller than the ferred to as S ) examined strike-slip faults in

largest event is much less than that predicted by the California, New Zealand, and southwest Japan (six

G-R relationship extending from the largest event. strike-slip faults ; the Neodani, Atotsugawa, Tanna,

The concept of CE may be traced back to Wal- Yamasaki, and Atera faults, and the Median Tectonic

lace ( ), who estimated the recurrence interval of a Line fault), Turkey, and China, and concluded that

large earthquake based on the CE Model. the G-R relationship might hold for only four of

cases. Papadopoulos ( , ) concluded that
( )

the CE Model holds for the Lefkada segment of the

where , and are recurrence interval, displace- Caphalonia transform fault in Greece.

ment caused by CE, average slip rate estimated by In this study, we first examine the influences of

geological or geomorphologic data, and creep veloc- catalog interval for the six strike-slip faults studied

ity, respectively. Sieh ( )’s Uniform Earthquake by S . We use two catalog intervals : one is the

Model and Wesnousky ( )’s Maximum Mag- Japan Meteorological Agency (JMA) catalog from

nitude Model are other examples of the CE Model. to , which is identical to S , and the other

The simplest way to judge whether the G-R rela- is the unified JMA catalog from October to Feb-

tionship or the CE Model better describes seismicity ruary . Sampling volumes adopted by S vary

along faults or fault systems is to investigate the from region to region, and are not standardized re-

MFD of seismicity during one earthquake cycle. gardless of how this might a ect this kind of re-

However, this is often di cult because the duration search. Therefore, we next discuss the bias caused

of instrumental observations is usually much shorter by di erent spatial sampling. We propose a method

than the average recurrence interval of a maximum- to extract seismicity around a fault or a fault system,

sized earthquake, which is generally , years or which is not only applicable to strike-slip faults but

longer in Japan. On the other hand, the recurrence also to dip-slip faults. Then, we apply this algorithm

interval of a maximum-sized earthquake can be esti- to the six fault systems in order to examine whether

mated independently from geologically determined the G-R relation or the CE Model better describes

paleoearthquake histories and fault slip data. Wes- seismicity during one earthquake cycle using the

nousky ( ) examined the shape of the MFD by unified JMA catalog and fault data improved in re-
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The Gutenberg-Richter Relationship vs. the Characteristic Earthquake Model : E ects of di erent sampling methods

Fig. . Locations of six strike-slip faults studied by

S . The rectangular zone indicates areas where

earthquakes are extracted for examination of seis-

micity around faults.

cent years. be influenced by temporal activation or quiescence

because the duration of the unified JMA catalog is

less than ten years. Accordingly, we first examine

In the analyses shown later, we use the unified the e ects of catalog interval on the results for the

catalog of earthquakes obtained by JMA on the basis six strike-slip faults in southwest Japan (Atot-

of the recently improved seismic network. In Octo- sugawa, Neodani, Atera, Tanna, and Yamasaki faults,

ber , all instrumental records were unified by and Median Tectonic Line fault) studied by S . The

JMA, which routinely locates hypocenters. Moreo- locations of these faults and the sampling areas of

ver, detection capability and hypocenter accuracy earthquakes are displayed in Figure . S used the

have significantly improved since unification by old JMA catalog from to and we use the

JMA, especially in recent years after the establish- unified JMA catalog from Oct. to Feb. . The

ment of a new seismic network called Hi-net (Obara lower threshold magnitudes are set at . in their

). study and . in our study.

For late Quaternary active faults, we use the Figure (a) shows the epicentral distribution of

data set examined and compiled by the Headquarters earthquakes with magnitudes equal to and above .

for Earthquake Research Promotion (HERP), Minis- occurring from Oct. to Feb. . Figure (b)

try of Education, Culture, Sports, Science and Tech- illustrates the MFD for events shown in Figure (a).

nology, Japan. For these fault systems, estimates The estimated regional -value and its range for a

were made of the locations of faults, segmentation of confidence limit are . and . , respectively,

fault system, magnitude of characteristic earth- for , shallow crustal earthquakes in southwest

quake, average slip rate, and average recurrence in- Japan as shown in Figure (b). The old JMA catalog

terval on the basis of the results of trenching, coring, ( ) indicates the -value and its con-

seismic profiling, and other surveys. For active fault fidence range as . and . , respectively, for

systems whose average slip rate is not available, we inland shallow crustal earthquakes.

set the minimum and maximum average slip rate The same magnitude and average recurrence

from the definition of degree of activity (Research interval of characteristic earthquakes as those used

Group of Active Faults, , ) ; we set mm/year by S are assumed for comparison. The fault pa-

and mm/year for the minimum and maximum rameters for the six strike-slip faults used by S are

average slip rate, respectively, for an active fault listed in Table , and the earthquake magnitudes and

classified as class A. When two classes are assigned average recurrence intervals estimated by S are

into degree of activity, we use the median slip rates shown in Table . These occurrence rates of maxi-

of the lower and higher classes as the minimum and

maximum slip rates, respectively ; . mm/year for

the minimum and mm/year for the maximum aver-

age slip rates for a fault classified as class A-B.

Wesnousky ( ) and S compared the occur-

rence rate of maximum-sized earthquakes to instru-

ment observations based on the assumption that the

instrumentally recorded seismicity shows the aver-

age seismicity during one earthquake cycle. How-

ever, one earthquake cycle can be divided into three

intervals conceptually : mainshock-aftershock inter-

val, inter-seismic relatively quiet interval, and pre-

seismic active interval (Mogi, ). Therefore, the

observed seismicity might depend on which stage

the seismicity belongs. Moreover, seismicity might

et al.,
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Fig. . (a) Epicentral distribution of shallow earthquakes with magnitudes . and above in southwest Japan.

The catalog interval is from Oct. to Feb. . (b) The MFD for shallow earthquakes in southwest Japan.

The open squares and open triangles represent the cumulative and discrete numbers of events, respectively.

The filled squares and triangles, respectively, represent the cumulative and discrete numbers of synthetic

events calculated from estimated and -values. The -value estimated by the maximum likelihood method for

the G-R relationship and its confidence range are . and . , respectively.

Table . Geological data used by S . These data are based on Research Group for Active Faults of Japan ( ).

Table . Maximum magnitude and average recurrence interval (yrs.) obtained by S .

mum-sized earthquake are compared to the occur- show not only the preferred estimates, but also the

rence rate of instrumentally recorded small and mod- bounding estimates because of both uncertainties of

erate earthquakes. The results are shown in Figure . geologically determined average slip rate and the

In this figure, the horizontal axis represents magni- scaling law between the magnitude of maximum-

tude and the vertical axis represents annual occur- sized earthquake and the fault length (See Section

rence rate, i.e., inverse of the average recurrence for a detailed description). A rectangular zone

interval. The preferred and bounding estimates of enclosing these open diamonds indicates uncertain-

the size and the annual occurrence rate of the maxi- ties about the size and the occurrence rate of maxi-

mum-sized earthquakes listed in Table are repre- mum-sized earthquakes. The dotted lines, represent-

sented by filled and open diamonds, respectively. We ing the annual discrete number of events expected

a b b
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The Gutenberg-Richter Relationship vs. the Characteristic Earthquake Model : E ects of di erent sampling methods

Fig. . Discrete number of events per year versus magnitude for six strike-slip faults in southwest Japan. The

open squares represent instrumental data from the unified JMA catalog for Oct. to Feb. and the open

triangles represent instrumental data from the JMA catalog for to . The preferred and bounding

estimates of the size and recurrence interval of maximum-sized earthquakes derived by S are represented by

the filled and open diamonds, respectively. The dotted lines have the slope of the regional -value of southwest

Japan and indicate the annual discrete number of events predicted by the G-R relationship.

from the G-R relationship, have the slope of the of events, respectively. The open squares and open

regional -value, . . . The bold one represents triangles represent the observed annual occurrence

the preferred discrete number of events and the thin rate for each magnitude from the unified JMA cata-

ones represent the minimum and maximum number log interval and the old JMA catalog interval (

b

b
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Fig. . Schematic illustration of sampling method in

this study. Although space is divided into almost

cubic boxes in the -D problem, this figure is repre-

sented in the -D problem for convenience. (a) By

setting longitude and latitude of southwest and

northeast corners, we extract regions that ade-

quately cover the fault region for each fault

system. (b) Extract grids that fault trace passes

within it. (c) Extract grids with the distance from

fault plane within one grid. (d) Extract grids with

the distance from fault plane within two grids.

The number of grids depends on grid interval and

sampling volume.

), respectively. distance from the Yamasaki fault to an event chosen

If the G-R relationship holds, the expected an- might amount to kilometers, although it might

nual occurrence rates of earthquakes represented by reach only about kilometers for the Tanna fault.

the dotted lines should agree with the observed rates Somewhat arbitrary spatial sampling might sig-

represented by the open squares and open triangles. nificantly a ect the results ; therefore, spatial sam-

As a result, there are no essential di erences between pling should be standardized. In this study, we pro-

the two observed annual occurrence rates estimated pose a new method to extract events around active

from the di erent catalog intervals, with the excep- faults, which is not only applicable to strike-slip but

tion of the Tanna fault. In the case of the Tanna also to dip-slip faults. Then, we apply the method to

fault, the observed seismicity during the old JMA the six fault systems. Moreover, we discuss some

catalog interval, i.e., , agrees well with that bias caused by di erences in spatial sampling.

predicted by the G-R relationship, although the ob-

served seismicity for the recent time-period, i.e., Oct.

to Feb. , is much lower than that predicted. A schematic illustration of how to extract seis-

The Kita-Izu earthquake (M . ), occurring on micity around an active fault used in this study is

November, , is thought to be a characteristic displayed in Figure . The crustal volume is divided

earthquake on this fault. Accordingly, the analysis into almost cubic boxes, whose dimensions are set at

of the old catalog is greatly influenced by this char- . (degree) . (degree) (km), and events are

acteristic earthquake, its aftershock sequence, and assigned into boxes. From geological data such as

preceding earthquake swarms in March and May location and dip angle of a fault, cubic boxes within

. The observed seismicity is lower than that five kilometers (or within kilometers for reference)

predicted by the G-R relationship when excluding all

shocks in . If the G-R relationship holds for an

entire earthquake cycle, seismic activity including

the duration of characteristic earthquake, its after-

shocks and pre-seismic swarm need to be much

higher than predicted because the inter-seismic quiet

interval occupies the greater part of the earthquake

cycle. However, the results for the Tanna Fault

indicate seismicity that is, at most, equal to that

predicted by the G-R relationship, implying that the

seismic activity of small and moderate magnitude

events during one earthquake cycle will be much

lower than predicted by the G-R relationship, and the

MFD is quite close to the CE Model.

The Atotsugawa fault, the Atera fault, and the

Median Tectonic Line show much lower seismicity

than predicted. No significant di erence between

the old JMA catalog and the unified JMA catalog is

found. Also, no e ects of the catalog di erence are

found for the Neodani fault, which shows slightly

lower seismicity than predicted, and the Yamasaki

fault, which shows identical seismicity to that pre-

dicted by the G-R relationship.

Sampling volume adopted by S is not stan-

dardized as shown in Figure . For example, the

. Spatial sampling of seismicity around ac-

tive faults

. E ects of spatial sampling
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hokuen-seibu-Iyonada (Ishizuchi Hokuen W-Iyonada),

from the fault plane are selected. Events within the The magnitude and average recurrence interval

selected boxes are regarded as seismicity around a of CE for faults or fault zones are estimated by two

fault or a fault system, and the MFD is obtained from di erent methods using geological data. One method

these extracted events. Assuming that the fault adopts the estimates of HERP and the other follows

extends to the whole thickness of the seismogenic Wesnousky’s ( ) method.

layer, the fault width is estimated from both the dip HERP estimates the magnitudes of maximum-

angle, as was estimated by Japan Seismic Informa- sized earthquakes from the empirical relationship

tion Station (J-SHIS, ) and the depth of the proposed by Matsuda ( ) and the average recur-

deeper limit of microearthquakes estimated by rence interval mainly from the results of trenching

HERP. surveys. Matsuda ( ) proposed the empirical rela-

The number of events observed is converted into tion between the magnitude of characteristic event

an annual occurrence rate by dividing the catalog and the fault length using inland earthquakes in

interval. This annual occurrence rate is compared to Japan, and obtained the relation

the theoretical annual occurrence rate of events on
log . . ( )

the basis of the geologically estimated size and oc-

currence rate of maximum-sized earthquakes. The where is fault length in km and is magnitude

regional -value of the G-R relation is estimated by of maximum-sized earthquake. For faults whose

the maximum likelihood method (Eq. ( )) (Utsu, ; previous activity is unknown, the recurrence inter-

Aki, ; Hamilton, ; Page, ; Bender, ; val is estimated by dividing the amount of co-seismic

Frohlich and Davis, ) and the standard deviation slip estimated using the following equation (Mat-

is estimated by the method proposed by Shi and Bolt suda, ) by the average slip rate.

( ) (Eq. ( )).
log . . ( )

log
( ) where is the dislocation on a fault in m accompa-

nied by the characteristic earthquake and is its

magnitude.

The other method of estimating the maximum-. ( )

sized magnitude and its average recurrence interval

is identical to Wesnousky’s ( ) procedure. Wes-where, [ ], and are estimated -value,

nousky ( ) indicates that the average recurrenceaverage magnitude, number of events, and threshold

interval of earthquakes on a fault is approximatelymagnitude, respectively.

as follows.

( )

HERP recognizes faults or fault zones, each

where is the expected seismic moment for earth-corresponding to a characteristic earthquake, within

quakes on a fault and is the long-term geologi-the six strike-slip fault zones discussed by S . For

cally assessed seismic moment rate of the fault. Theexample, the Median Tectonic Line (MTL) fault can

seismic moment is defined as follows (for example,be divided into five segmented zones, i.e., Kongo-

Aki and Richards, ).sanchi-toen-Izumi-sanmyaku-nan’en (Kongo-Izumi),

Kitan-kaikyo-Naruto-kaikyo (Kitan Naruto Kaikyo),
( )

Sanuki - sanmyaku - nan’en - Ishizuchi - sanmyaku-

where, , and are seismic moment, rigidity,hokuen-tobu (Sanuki Ishizuchi Sanmyaku), Ishi-

fault length, and fault width, respectively. The long-zuchi-sanmyaku-hokuen, and Ishizuchi-sanmyaku-

term geologically assessed seismic moment rate is

derived using the average slip rateon the basis of the history of paleoearthquakes. The

fault segmentation estimated by HERP is used in this
( )

study and is shown in Appendix B.
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Fig. . Seismic moment versus rupture length for

large intraplate earthquakes in Japan (from

Wesnousky ).

Bounds on the seismic moment rate are a direct

function of the minimum and maximum bounds on

the average slip rate and the preferred estimates

of are based on the preferred average slip rate.

The seismic moment of a maximum-sized earth-

quake, is obtained from the empirical relationship

proposed by Wesnousky ( ) described as fol-

lows and in Figure (see Appendix A for discussion).

log . log . in dyne-cm ( )

Together with the preferred seismic moment of

maximum-sized earthquake estimated using Wes-

nousky s ( ) formula, the following bounding

estimates are adopted, which reflect the uncertainties

of the scaling law.

max

( )
The magnitude of a maximum-sized earthquake

min
is obtained by converting the seismic moment of a

where (max) ( ) (min) indicate the maxi- maximum-sized earthquake into moment magnitude

mum, preferred, and minimum seismic moments of a using the definition of moment magnitude (eq. ( ) ;

maximum-sized earthquake. The average recurrence Hanks and Kanamori, ).

interval has uncertainties caused by the uncertain-
log .

ties regarding both the estimates of long-term geo- ( )
.

logically assessed seismic moment rate and seis-

mic moment of maximum-sized earthquake . where and are moment magnitude and seismic

Therefore, we define the following five estimates of moment, respectively. No conversion from to

average recurrence interval in this study (from eq. was made as it was by S .

( ) to eq. ( )). If the G-R relationship holds for seismicity

around a single fault or a fault system during one

earthquake cycle, the occurrence rate expected by
( )

the G-R relationship will agree with that of observed
min min max ( )

seismicity around the late Quaternary active faults.
min min min ( )

Therefore, we compare the number of observed
max max min ( )

events to the number of expected events from the
max max max ( )

G-R relationship to investigate the shape of the MFD

where (min), (max) and ( ) are of seismicity along the fault during one earthquake

the minimum-, maximum-, and preferred-sizes of cycle.

earthquakes predicted from a fault of a given length,

determined from equation ( ), respectively.

(min), (max) and ( ) are the minimum-, The results for the segmented zones of the six

maximum-, and preferred moment accumulation strike-slip fault systems are displayed in Figure .

rates determined by the minimum and, maximum The symbols are the same as in Figure except for

bounds, and preferred values for average slip rate, the filled triangles representing annual occurrence

respectively. (min), (max), and ( ) are rate and magnitude of maximum-sized earthquake

the estimated recurrence interval of the minimum-, estimated by HERP if they are available. Figure is

maximum-, and preferred-sized earthquakes on each a histogram of the frequency ratio, which is defined

fault, respectively. as the ratio of the number of observed events to that
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Fig. . The results for six strike-slip fault systems. The symbols are the same as in Figure with the exception

of the filled triangle that represents annual occurrence rate of maximum-sized earthquake estimated by HERP if

they are available.
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Fig. . (continue)1
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Fig. . (continue)
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Fig. . Histogram of frequency ratios defined by number of observed events divided by number of events

predicted by the preferred G-R relationship with magnitudes above . . The number of expected events is

extrapolated from the occurrence rate of maximum-sized earthquake estimated by a method identical to

Wesnousky ( ) for (a), and extrapolated from the occurrence rate of maximum-sized earthquake estimated by

HERP for (b).

predicted by the G-R relationship. As a result, the is di cult to judge whether the G-R relationship or

number of observed events is significantly less than the CE model better describes the MFD for these

the number of events predicted by the G-R relation- faults.

ship for almost all faults or fault systems, and the

frequency ratio is about . on average (Figure (a)).

This result is obtained for the case of seismicity

within km from the fault, and it increases to . for

seismicity within km. It is impossible to examine the shape of the MFD

The seismic activity of the Yamasaki fault is for the entire earthquake cycle using only instru-

much higher than predicted by the G-R relationship mental data. Therefore, we need to compare the

in S ’s study. However, the preferred average recur- occurrence rate of maximum-sized earthquakes de-

rence interval of a maximum-sized earthquake was termined by geological data and that of small and

, years in their study, and their result is proba- moderate earthquakes observed with instruments. S

bly biased by this extremely long estimated average discussed the possibility that the G-R relationship

recurrence interval. Paleoseismicity on the Ya- might hold during one earthquake cycle caused by

masaki fault has been revealed in recent years, and the shortness of the catalog interval compared to the

the fault can be divided into two segments : the average recurrence interval. They calculated the

northwest part and the southeast part. The esti- ratio of the number of observed events with magni-

mated average recurrence intervals estimated by the tude . to that of events predicted by the G-R rela-

Wesnousky’s ( ) method are , for the north- tionship, and the ratio exceeds one for only four of

west part and , years for the southeast part. faults. From the Monte-Carlo simulation, they indi-

Besides, the estimated average recurrence intervals cate that events of more than ten times that pre-

estimated by HERP are , , for the northwest dicted by the G-R relationship are necessary during a

and about , years for the southeast parts. The time-period less than of one earthquake cycle to

results from up-dated fault data indicate lower seis- satisfy the G-R relationship. Accordingly, we cannot

micity than predicted by the G-R relationship. Aver- deny the possibility that the G-R relationship holds

age recurrence interval for faults where only two for the entire earthquake cycle if of faults or

paleoearthquakes are known such as the Umehara fault systems indicate seismicity as high as ten times

and Mitahora fault systems, has large uncertainties that predicted by the G-R relationship. However, the

regarding average recurrence interval ; therefore, it number of observed events is significantly less than

. Discussion

. Short instrumental records compared to the

average recurrence interval
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Fig. . Epicenter distribution of source region for

the Western Tottori earthquake (M . ) with

magnitudes . and above. Catalog interval is from

October to February (from seismicity

analysis system on WWW ; Tsuruoka, ).

expected for almost all faults or fault systems. As

pointed out earlier, the analysis of the Kita-Izu Fault

System (Tanna fault) during the time-period from

to , including the occurrence times of the

Kita-Izu earthquake, its aftershocks, and pre-

seismic swarms indicates seismicity that is at most

equal to the number of events in accord with the G-R

relationship.

In this study, we extracted events within five

kilometers from the fault plane, and we also ex-

tracted events within kilometers for reference.

Both cases lead to the same conclusion, and it ap-

pears to be robust. Our five-kilometer sampling

seems to be su cient because Itaba ( ) indi-

cate that the existence of a fault has an influence on

seismicity within two to four kilometers from the

fault, regardless of fault type using the unified JMA

catalog. Our sampling volume is also supported by

the distribution of aftershocks of a large shallow

crustal event in inland Japan. One typical example

would be the extent of aftershocks of the Western

Tottori Earthquake (M . ) on October, . Be-

cause the fault plane of this earthquake is found to

be almost vertical, the spatial extent of the epicentral mentally recorded small and moderate earthquakes

distribution of aftershocks would show the proper around the segmented active faults or fault zones

range of extraction. Figure shows the epicentral indicates that the number of observed events is sig-

distribution of foreshocks, mainshock, and after- nificantly less than the number of events predicted

shocks occurring from October to February by the G-R relationship for almost all faults or fault

. This figure shows that the spatial extent of systems. The frequency ratio of the number of ob-

aftershocks is, at most, ten kilometers in width. As- served events to that predicted by the G-R relation-

suming that the fault plane is at the center of the ship is about . ( ) on average. Therefore, the

aftershock region, most aftershocks lie within five remaining . ( ) have to be filled by aftershocks

kilometers from the source fault. or some anomalously high episodic seismicity if the

G-R relationship holds during one earthquake cycle.

However, an analysis of the Kita-Izu earthquake

We first studied the influence of di erent catalog (M . ) shows that the number of aftershocks is too

intervals on seismicity around the six major strike- small to account for the absence. Although the re-

slip faults in southwest Japan studied by Stirling gional seismicity is described well by the G-R rela-

We found no essential di erence between the two tionship, the magnitude frequency distribution for

catalog intervals with the exception of the Tanna individual source regions is rather close to the Char-

fault, where the characteristic earthquake, i.e., the acteristic Earthquake Model.

Kita-Izu earthquake (M . ), occurred in . Then,

we used new information on the Quaternary active

faults obtained by HERP and a new algorithm to We thank the anonymous referee who gave use-

extract seismicity around the fault. A comparison of ful comments and suggestions. To extract the after-

the occurrence rate of maximum-sized earthquakes shock sequence accompanying the Western Tot-

estimated from geological information with instru- tori Earthquake, we used the seismicity analysis sys-

et al.

et

al.

. Sampling volume

. Conclusion

Acknowledgements

# #

3

,*** 1 -

, *

,*** ,**/

+331

+3,0 +33,

+3-*

+*

$ ,**.

1 - 0 ,***

,.

3

,***

,**/

* +* +*

* 3* 3*

+3-*

# 1 -

#

1 - +3-*

,***

0 ,

1



� �

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

earthquakes from fault, ,

(in Japanese with English abstract)

Mogi, K., , “Earthquake Prediction.”

New York, p.

Obara, K., K. Kasahara, S. Hori and Y. Okada, , A

densely distributed high-sensitivity seismograph net-

work in Japan : Hi-net by National Research Institute

for Earth Science and Disaster Prevention,

, .

Page, R., , Aftershocks and microaftershocks of the

great Alaska Earthquake of ,

, .

Papadopoulos, G., Skafida, H. and Vassiliou, I., , Nonline-

arity of the magnitude-frequency relation in the Hel-

lenic Arc-Trench system and the characteristic earth-

quake model. , .

Papadopoulos, G, Karastathis, V., Ganas, A., Pavlides, S.,

Fokaefs, A. and Orfanogiannaki, K., , The Lefkada,

Ionian Sea (Greece), shock (Mw . ) of August :

evidence for the Characteristic Earthquake from seis-

micity and ground failures. ,

.
Aki, K, , Maximum likelihood estimates of b in the

Research Group for Active faults of Japan, ,
formula log and its confidence limits,

, .
Tokyo.

Aki, K. and P.G. Richards, ,
Research Group for Active faults of Japan, ,

W. H. Freeman, San Francisco,

California, .
Tokyo.

Bender, B., , Maximum likelihood estimation of -values
Schwartz, D.P. and K. J. Coppersmith, , Fault behavior

for magnitude grouped data, ,
and characteristic earthquakes : examples from Wa-

.
satch and San Andreas fault zones, ,

Earthquake Research Committee, a, Long-term evalua-
.

tion of the Yamasaki fault system, pp.
Shi, Y. and B.A. Bolt, , The standard error of the magni-

Earthquake Research Committee, b, Long-term evalua-
tude-frequency -value, ,

tion of the Median Tectonic Line, pp.
.

Earthquake Research Committee, a, Long-term evalua-
Shimazaki, K., , Small and large earthquakes : The e ect

tion of the Atotsugawa fault system, pp.
of thickness of seismogenic layer and the free surface.

Earthquake Research Committee, b, Long-term evalua-
In Das, S., Boatwright, J. and Scholz, C. H. eds. :

tion of the Atera fault system, pp.
AGU, Washington, D.C.,

Earthquake Research Committee, a, Long-term evalua-
.

tion of the Kita-Izu fault system, pp.
Sieh, K.E., , A review of geological evidence for recur-

Earthquake Research Committee, b, Long-term evalua-
rence times of large earthquakes. In Simpson, D.W. and

tion of the Nobi fault system, pp.
Richards, P.G. eds. Earthquake Prediction, an interna-

Frohlich, C. and S. Davis, , Teleseismic -values : or,
tional review. Maurice Ewing Ser., . AGU, Washington,

much ado about . , , .
D.C., .

Gutenberg, B. and C.F. Richter, , Frequency of earth-
Somerville, P

quakes in California, , .

Hamilton R.M., , Mean magnitude of an earthquake

sequence. , .

Hanks, T. and H. Kanamori, , A moment magnitude

scale , .

Ishimoto, M. and K. Iida, , Observations sur les seisms

enregistre par le micorseismograph construite dernier-

ment (I), ,

.

Itaba, S., K. Watanabe, R. Nishida and T. Noguchi, ,

Quantitative evaluation of inland seismicity, Monthly

gogai-chikyu, , (in Japanese).

Japan Seismic Hazard Information Station (J-SHIS). http : //

www.j-shis.bosai.go.jp/

Matsuda, T., , Magnitude and recurrence interval of

tem on WWW of Dr. H. Tsuruoka (Tsuruoka, )

and thank him.

In this study, we used the unified Japan Meteor-

ology Agency (JMA) catalog, which is compiled from

data of Hokkaido University, Hirosaki University,

Tohoku University, Tokyo University, Nagoya Uni-

versity, Kyoto University, Kochi University, Kyushu

University, Kagoshima University, Shizuoka Prefec-

ture, Yokohama City, Tokyo Metropolis, JMA, Natu-

ral Research Institute for Earth Science and Disaster

Prevention, National Institute of Advanced Indus-

trial Science and Technology (AIST), Japan Agency

for Marine-Earth Science and Technology (JAM-

STEC), and Hot Springs Research Institute of Kana-

gawa Prefecture. We thank these institutes.

J. Seis. Soc. Jap. (Zisin),

Academic Press,

Rev. Sci.
Instrum.

Bull. Seism. Soc. Am.,

J. Geophys. Res.,

Earth, Planets and Space,

Map ofN a bM Bull.
active faults in Japan with an explanatory text, Univ. ofEarthquake Res. Inst.
Tokyo Press,Quantitative Seismology :

Map ofTheory and Methods,
active faults in Japan with an explanatory text, revised
edition, Univ. of Tokyo Press,b

Bull. Seism. Soc. Am.,

J. Geophys. Res.,

b Bull. Seism. Soc. Am.,

Earth-
quake source mechanics.

b
J. Geophys. Res.

Bull. Seism. Soc. Am.

Bull. Seism. Soc. Am.,

, J. Geophys. Res.

Bull. Earthquake Res. Inst. Univ. of Tokyo

References

,03

,2-

+32/

-//

,**/

*,+-*+

+302

+30.

++-+ ++02

+33-

*+.2 *,,1

,**-

0 , +. ,**-

1+- 1+2
+30/

+32*

,-1 ,-3

+32*
+33+

+ 3-,

+32-
+32.

2-+ 2/+

,**-
/02+ /032

-2
+32,

,**-
+011

1+
+021

,**.
+320 #

,2

,**.

.2
,*3

,**/
,+0

,2
+32+

,**/

.3

+33-
.

+ * 0-+ 0..
+2+ ,*1

+3..

+2/ +22

+301

+++/ +++0

+313

,-.2 ,-/*

+3-3

..- .12

,**.

+.0 +/-

+31/

+331 ,2

10

/2

32

//

.-

1-

23

1,

32

-.

+-.

2.

+1

.0

� �

�

�

�

�

144

T. Ishibe and K. Shimazaki

., K., Irikura, R. Graves, S. Sawada, D. Wald, N.

Abrahamson, Y. Iwasaki, T. Kagawa, N. Smith, A.

Kowada, , Characterizing crustal earthquake slip

models for the prediction of strong ground motion,

, .

Stirling, M.W., Wesnousky, S.G. and K. Shimazaki, ,

Fault trace complexity, cumulative slip, and the shape

of the magnitude frequency distribution for strike-slip

faults : a global survey, , .

Takemura, M, T. Ikeura, R. Sato, , Scaling relations for

source parameters and magnitude of earthquakes in

the Izu peninsula region, Japan,

, .

Takemura, M., , Magnitude-seismic moment relations

for the shallow earthquakes in and around Japan,

, .

Seismological Research Letters,

Geophys. J. Int.,

Tohoku Geophys. Journ.

Zishin ,

+333

/3 2*

+330

2-- 202

+33*

11 23

+33*

,/1 ,0/,

1*

+,.

-,

.-



� �

� �
� �

� �

�

�
�

�

�

�
�

�

145

The Gutenberg-Richter Relationship vs. the Characteristic Earthquake Model : E ects of di erent sampling methods

Takemura, M., , Scaling law for Japanese intraplate , .

earthquakes in special relations to the surface faults Wesnousky, S.G., C.H. Scholz, K. Shimazaki and T. Matsuda,

and the damages, Z , . , Earthquake frequency distribution and the me-

The Headquarters for Earthquake Research Promotion. chanics of faulting, , .

http : //www.jishin.go.jp/main/index.html Wesnousky, S.G., , Earthquakes, Quaternary faults, and

Tsuruoka, H., , Development of seismicity analysis sys- seismic hazard in California, ,

tem on WWW ( ), Programme and Abstracts, The Seis- .

mological Society of Japan, P . Wesnousky, S.G., , The Gutenberg-Richer or Character-

Utsu, T., , A method for determining the value of b in a istic Earthquake distribution, which is it ?,

formula log n a bM showing the magnitude fre- , .

quency relation for earthquakes, Youngs, R. and K. Coppersmith, , Implications of fault

, (in Japanese). slip rates and earthquake recurrence models to prob-

Wallace, R.E., , Earthquake recurrence intervals on the abilistic hazard estimates, ,

San Andreas Fault, , . .

Wells, D.L., Coppersmith K. J., , New empirical relation- Received October ,

ships among magnitude, rupture length, rupture width, Accepted February ,

rupture area, and surface displacement,

Soc. Am.,

ishin- ,
J. Geophys. Res.,

J. Geophys. Res.

Bull. Seism.
Soc. Am.,

Geophys. Bull. Hok-
kaido. University,

Bull. Seism. Soc. Am.,
Geol. Soc. Am. Bull.,

Bull. Seism.

# #

+332 31. +**,

,++ ,,2 +32-

3--+ 3-.*

+320

+331 +,/21

, +,0-+

*. +33.

+30/

+3.* +3/3

+32/

33 +*-

+31* 3-3

,21/ ,23* 30.

+33. +/ ,**1

,+ ,**2

,

2.

/+

22

3+

2.

+-

1/

2+



� � �

� �

� � � ��

� �
�

� �
�

�

	 	


 


�

�

146

T. Ishibe and K. Shimazaki

Fig. A- . Magnitude-fault dimension relation and magnitude-displacement relation of historic earthquakes in

inland Japan from Matsuda ( ). Open circles represent observed values on the surface and filled black circles

represent values from seismological or geodetic data.

below.

log . . in unit of dyne*cm)

(A- )
We used the empirical relationship between seis-

mic moment of maximum-sized earthquake and fault where is seismic moment, and is JMA mag-

length proposed by Wesnousky ( ). How- nitude. Takemura ( ) insists that this empirical

ever, various empirical relationships have been pro- relationship can be applied to general inland shallow

posed. Here, we introduce four empirical relation- earthquakes including the Nobi earthquake. By

ships between seismic moment and fault length to combining equation ( ) and equation (A- ), the rela-

examine the extent to which di erences among them tionship between seismic moment (in unit of dyne*

are recognized, will show that these di erences are cm) and fault length (in unit of kilometer) is obtained.

all contained within the bounding estimates used in
log . log . (A- )

this study.

Matsuda ( ) proposed an empirical relation- Shimazaki ( ) collected fault parameters for

ship between magnitude of characteristic event and earthquakes ( crustal earthquakes and

fault length using inland earthquakes in Japan earthquakes that occurred in the eastern margin of

ranging from the Nobi earthquake to the the Japan Sea ; the Shakotan-Oki earthquake,

Southeastern Akita earthquake and obtained the re- the Niigata earthquake and the Nihon-Kai-

lationship below. Chubu earthquake), and proposed the following em-

pirical relationship between seismic moment and
log . . again

fault length.

The magnitude-fault dimension relationship to-
log . log . for

gether with the magnitude - displacement relation-
. (A- )

ship for historical inland earthquakes in Japan from
log . log . for

Matsuda ( ) are displayed in Figure A- . HERP
. (A- )

adopted this relationship to estimate the magnitude

of maximum-sized earthquake from mapped fault where . is the seismic moment corre-

length. On the other hand, Takemura ( ) sponding to a fault width saturated by the thickness

discussed the relationship between seismic moment of the seismogenic layer. He pointed out that the

and JMA magnitude from seismicity around the Izu scaling law changes from to at this

peninsula, and obtained the empirical relationship seismic moment. Moreover, he thought the disconti-

JMA

JMA

M M

M M

et al.

M L

L M

L M

M dyne*cm

L M

M dyne*cm

dyne*cm

et al.

M L M L

Appendix A : Empirical relationship between seis-

mic moment of maximum-sized earthquake and

fault length
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Fig. A- . Various empirical relationships between seismic moment and fault length. (a) Relationship between

moment magnitude and surface rupture length from Wells and Coppersmith ( ) is converted into rela-

tionship between seismic moment and surface rupture length using the definition of moment magnitude from

Hanks and Kanamori ( ). (b), (c), and (d) are relationships between seismic moment and fault length from

Shimazaki ( ), Takemura ( ), and Somerville ( ), respectively.

nuity at seismic moment . is caused Using the definition of moment magnitude, we can

by events with seismic moments greater than . also convert this equation into the relationship be-

that accompany surface rupturing. tween seismic moment and surface rupture length.

Takemura ( ) obtained a new relationship based
log . ( again)

on this scaling law and obtained
log . log . (A- )

log log . for
where, is moment magnitude. Figure A- shows

. (A- ) the various proposed empirical equations. Figure A-

shows estimated seismic moment based on fault
log log . for

length using the empirical relationships. Figure A-

. (A- )
indicates that the various empirical relationships are

Wells and Coppersmith ( ) compiled fault pa- all contained within the bounding estimates used in

rameters, and obtained the empirical relation be- this study where the fault length is greater than

tween moment magnitude and surface rupture kilometers. Faults covered in this study are funda-

length described in equation A- . mentally longer than kilometers, therefore,

changes to the scaling law proposed by Shimazaki
. (A- )

( ) and Takemura ( ) can be neglected.
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Fig. A- . Empirical relationships between fault length

T. Ishibe and K. Shimazaki

and seismic moment. Matsuda ( ), Wesnousky

( ), Shimazaki ( ), Wells and Coppersmith

( ) and Takemura ( ) are indicated together

with the minimum and maximum bounds in this

study.

Fig. B- . Fault trace of the Kita-izu fault system

modified from Earthquake Research Committee

( a). Open circles indicate the surface rupture

fault accompanying the Kita-Izu earthquake.

Fig. B- . Fault trace of the Atotsugawa fault system modified from Earthquake Research

Committee ( a).

et
al.

Appendix B : Fault Segmentation for the six strike

slip fault systems estimated by HERP
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Fig. B- . Fault trace and fault segmentation of the Nobi fault system modified from

Earthquake Research Committee ( b). The open circles indicate the surface rupture

fault accompanying the Nobi earthquake.
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Fig. B- . Fault trace and fault segmentation of the Atera fault system modified from

Earthquake Research Committee ( b).
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Fig. B- . Fault trace and fault segmentation of the Yamasaki fault system modified from Earthquake

Research Committee ( a).

Fig. B- . Fault trace and fault segmentation of the Median Tectonic Line modified from Earthquake

Research Committee ( b).
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