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Seismicity in a source region of a large interplate earthquake and the Characteristic Earthquake Model
Takeo ISHIBE and Kunihiko SHIMAZAKI

Earthquake Research Institute, Tokyo Univ. 1-1-1 Yayoi, Bunkyo, Tokyo,
113-0032 Japan

The occurrence rate of characteristic earthquake is compared with seismicity in nine source regions of interplate
earthquake, i.e. the regions off Shikotan Island, off Nemuro, off Tokachi, off Northern Sanriku, off Miyagi, and far off
Miyagi, the Tonankai, Nankai, and Taisho-Kanto regions, by combining instrumental data and the data on the characteristic
earthquakes evaluated by the Headquarters for Earthquake Research Promotion in Japan. We used the unified catalog of
earthquakes obtained by the Japan Meteorological Agency (JMA) on the basis of recently improved seismic network,
together with the old JMA catalog. As a result, seismicity of the all interplate source regions shows that the number of
observed events is much less than the number of expected events estimated from the Gutenberg-Richter relationship and the
occurrence rate of the characteristic earthquake. In all regions except the region far off Miyagi, the characteristic
earthquake(s) occurred during the interval of the earthquake catalog. Thus, our dataset includes the highest seismicity period
during an earthquake cycle. In the region off Tokachi where the 1952 and the 2003 Tokachi-Oki earthquakes occurred, the
magnitude frequency distribution has a magnitude gap of 1.1 between the characteristic earthquakes and the other events.
Hence, our results favor the Characteristic Earthquake Model. Conversely, we estimate from the seismicity data of small
and moderate earthquakes, an average recurrence interval of the characteristic earthquake in each region based on the
assumption that the Gutenberg-Richter relationship holds. Most estimated recurrence intervals are extremely longer than the
evaluation given by the Headquarters for Earthquake Research Promotion.
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Figure 1. Schematic illustration of the discrete and
cumulative forms for the magnitude frequency
distribution of earthquakes described by (a) the
Gutenberg Richter relationship and (b) the
Characteristic Earthquake Model during one

1983).

The discrete number of events is denoted by n,

seismic cycle (From Wesnousky et al.,

and the cumulative number of events by N. For
Model, a
magnitude gap exists between the second largest

the Characteristic =~ Earthquake
earthquakes and the characteristic earthquake
while the G-R relationship represents continuous

distribution up to the maximum-sized earthquake.
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Figure 2. Slip distribution caused by the 1952
Tokachi-Oki earthquake and the 2003 Tokachi-Oki
earthquake estimated by waveform inversion (From
Yamanaka and Kikuchi, 2003)
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Figure 3. Magnitude frequency distribution for the

region off Tokachi from March 1952 to August 2003.

The red filled circles represent the discrete number of

events and the red open circles represent the

cumulative number.
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Table 1. Nine interplate earthquake source regions and the parameters used in this study.

ID number Region name Recurrence  Date of the most Magnitude  Upper Lower
interval recent event Depth Depth
(years) (km) (km)
201 Off-Shikotan Island 72.2 Aug. 1969 7.8 0 70
301 Off-Nemuro 72.2 June 1973 7.9 0 70
401 Off-Tokachi 72.2 Sep. 2003 8.1 0 70
501 Off-Sanriku North 97 May 1968 8.0 0 70
601 Off-Miyagi (A) 37.1 June 1978 7.5 0 75
701 Off-Miyagi (B) 105 Aug. 1897 7.7 0 40
801 Tonankai 86.4 Dec. 1944 8.1 0 40
901 Nankai 90.1 Dec. 1946 8.4 0 40
1001 Taisho-Kanto 200~400 Sep. 1923 7.9 0 40
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Figure 4. MFD for off-shore earthquakes whose hypocentral depth is shallower than 80 km. The open triangle and

TNETNDRE

the open circle represent the discrete and the cumulative number of events, respectively. The filled circles and
the filled triangles represent the synthetic MFD estimated from the G-R relationship on the basis of the
maximum likelihood method. The figure on the left shows MFD with magnitude above 0.0 and that on the
right shows MFD with magnitude above the threshold magnitude. The upper figures (a) show the results for
Oct. 1997 to Feb. 2005 and the lower figures (b) for Jan. 1923 to Sep. 1997. The estimated b-value and their
95% confidence limit are 0.86 and 0.82-0.90, respectively for (a), and 0.87 and 0.84-0.90, respectively for

(b).
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Figure 5. Discrete number of events per year versus magnitude for the nine interplate earthquake source regions.
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the G-R relationship.
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Figure 6. Discrete number of events per year versus magnitude for the nine interplate earthquake source regions.

The catalog interval is from January 1923 to September 1997, prior to the unification of seismic observation

data by JMA. The symbols are the same as shown in figure 5.
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square, and the green triangle represent the ratio of the unified JMA catalog interval of Oct. 1997 to Feb.

2005, the old JMA catalog interval of Jan. 1923 to Sep. 1997,

Feb. 2005, respectively, to the average recurrence interval.

# 2. G-R RIS 5856
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BRI OHEE S AV B A BRI DR A B (R8T —Jofbin) .
Num of EQ., b-value, CL | :t%m%h%ﬂ@l HFEEEL, I EHEEICIVGOLNT b K NE DX EERT.
Tref |ZHEARIZ K- THEE ST T B [E A MR O S kg 27~ T.

Table 2. Estimated recurrence interval for each interplate earthquake source region (before unification by JMA).

Num of EQ., b-value and CL indicate the number of observed earthquakes, estimated b-value from the

maximum likelihood method and 95% confidence limit respectively. Tref is average recurrence interval

estimated by HERP.
ID Region Name Num of b-value CL Tmin  Tpref Tmax  Tref
Number EQ.

201 Oft-Shikotan Island 538 0.958 0.081 2169 3377 529.6 722
301 Off-Nemuro 233 0.858 0.110 2993 5514 1033 722
401 Off-Tokachi 184 0.780 0.113 2463 4533 851.9 722
501 Off-Sanriku North 383 0.835 0.084 2206 357.1 583.9 97
601 Off-Miyagi (A) 52 0.724 0.197 261.6  604.7 1509  37.1
701 Off-Miyagi (B) 77 0.685 0.153 2298  469.9 1011 105
801 Tonankai 18 0.752 0.347 8379 5596 47505 86.4
901 Nankai 40 0.721 0.223  848.7 3454 15552 90.1
1001 Taisho-Kanto 21 0.583 0.249  446.6 1389 5290 300

- 164 -



3. G-RAIMFANT T AL LT-HE 12

%)

FAGENDHEE STV S A R BB O MR O R ABE (K[RT ek

Table 3. Estimated recurrence interval for each interplate earthquake source region (after unification by JMA)

ID Region Name Num of  b-value CL Tmin Tpref Tmax Tref
Number EQ.
201 Oft-Shikotan Island 563 1.031  0.085 319.2 622.7 1223.5 72.2
301 Off-Nemuro 158 0.897  0.140 327.8 987.3 3048 72.2
401 Oft-Tokachi 293 0.677  0.078 503 90.1 163.8 72.2
501 Off-Sanriku North 116 0.689  0.125 113.1 297.9 811.6 97
601 Oft-Miyagi (A) 22 1.274 0532 1243 56132 3071799 37.1
701 Off-Miyagi (B) 23 0.765 0313 197.0 1734 18340 105
801 Tonankai 4 e e e e e 86.4
901 Nankai 9 1.203  0.786 692.1 752675  1.43e+09 90.1
1001 Taisho-Kanto 7 1.842 1365 1298 8.28e+07 1.17e+13 300
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