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Statistical Estimation of the Seismicity Level Change around Hokkaido, Northern Japan
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Abstract—The temporal seismicity change in two seismically
active zones around Hokkaido, northern Japan was investigated
using the statistical estimate of the seismicity level (SESL’09) pro-
cedure. Hypocenter data provided by the Japan Meteorological
Agency from 1960 to 2013 were analyzed. The seismicity of two
geographically different zones, formed by Pacific Plate subduction
and Amurian Plate convergence, showed different statistical char-
acteristics. Low cross-correlation values between the two zones also
suggest independent seismic processes for each area. However, an
anomalously high cross-correlation period was identified from 1996
to 2000, with a time lag of 8 weeks. A 6-month seismic quiescence
period before the strongest Hokkaido Toho-Oki Earthquake (4
October 1994, M; 8.2) was observed on the Pacific side.

Key words: Hokkaido, seismicity, SESL’09, seismic process,
seismic quiescence.

1. Introduction

Hokkaido is a seismically active region related to
Pacific Plate subduction on the southern (Pacific) side
and Amurian Plate convergence on the western (Japan
Sea) side (Fig. 1). The Japan Meteorological Agency
(JMA) determined more than 180,000 earthquakes in
total, including 13 with magnitude of M; > 7.0, from
1960 to 2011. Significant seismic subduction activity,
including 12 events with magnitude M; > 7, associated
with the subducting Pacific Plate, has been observed off
the coast of southern Hokkaido. Typical interplate
events, such as the 1973 Nemuro-Oki (M; 7.4) and 2003
Tokachi-Oki (M; 8.0) earthquakes, have occurred along
the plate interface. In addition, intraslab earthquakes,

! Kamchatkan Branch of Geophysical Survey of Russian

Academy of Sciences, Boulevard Pipa 9, Petropavlovsk-Kam-
chatskii, Russia. E-mail: chicoli@emsd.ru

2 Hokkaido University, Kita 8, Nishi 5, Kita-ku, Sapporo,
Japan. E-mail: hiroaki@sci.hokudai.ac.jp

such as the 1994 Hokkaido Toho-Oki (M; 8.2) earth-
quake, have been observed in the region (Fig. 1).

An independent seismically active zone off the coast
of western Hokkaido (eastern Japan Sea margin), formed
by interaction between the North American and westward
Amurian plates, has been identified. The earthquakes in
this seismic belt occurred at depths shallower than the
continental Moho. Large crustal earthquakes (e.g., 1983
Nihonkai—Chubu, M; 7.7; 1993 Hokkaido Nansei—OKki,
M; 7.8) might reflect the active tectonics in this region
(Fig. 1). The relatively higher seismicity level on the
Pacific side compared with the Japan Sea side is caused
by the plate convergence speed of 9 cm/year for the
Pacific versus 1-2 cm/year for the Japan Sea side (Sella
et al. 2002). The difference in the tectonic background
and seismicity level between the Pacific and Japan Sea
side might lead to interesting characteristics with respect
to the temporal seismicity level change.

The time evolution of the regional seismic activity
level has been previously investigated using several
analysis methods (e.g., Ogata and Abe 1991; Wiemer
and Wyss 1994; Saltykov and Kugaenko 2000).
Several prior studies reported possible seismicity
changes related to the alertness to great earthquakes.
In this paper, we propose to use the new statistical
estimates of the seismicity level (SESL’09) method,
which offers an intuitive scale to describe the state of
seismicity using an appropriate mathematical proce-
dure. The regional seismicity of Hokkaido from 1960
to 2013 was analyzed using the SESL’09 method.

2. Data and Method

2.1. Hypocenter Catalog

We used the hypocenter catalog of the JMA from
January 1960 to October 2013. Two seismically
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Figure 1

Seismicity of Hokkaido area for period 1990-2013 in depth range of 0—60 km. The studied zones are marked by dashed rectangles

active zones were selected for the study, considering
their tectonic structures (Bird 2003; DeMets et al.
2010; Sella et al. 2002; Zonenshain and Savostin
1981) and recent seismicity (Fig. 1): zone 1 (Japan
Sea side) is the western area that belongs to the Sea of
Japan, and zone 2 (Pacific side) is the eastern area
associated with subduction of the Pacific Plate.
Earthquakes were selected in the depth range of
0-40 and 0-60 km for zone 1 and 2, respectively.
The deeper range for zone 2 reflects the Pacific Plate
subduction.

The seismicity of these two zones has different
characteristics. Much stronger (M > 7.0) earth-
quakes occur in zone 2 than in zone 1; only two
earthquakes with magnitude >7.0 were recorded in
zone 1 between 1960 and 2013. During this period,
13 earthquakes with M; > 7.0 and two earthquakes

with M; > 8.0 (Hokkaido Toho-Oki, 4 October
1994, M; = 8.2; Tokachi-Oki, 26 September 2003,
M; = 8.0) occurred in zone 2. The difference in the
moment release rate is caused by the plate conver-
gence speed of 1-2 cm in zone 1 between the
Amurian and North American plates versus 9 cm in
zone 2 between the Pacific and North American
plates (Sella et al. 2002). The earthquakes in
zone 1 occurred within the crust, while the earth-
quakes in zone 2 involve interplate and intraslab
events.

To obtain a homogeneous dataset, time periods
with different cutoff magnitudes were defined for
both zones using the Gutenberg—Richter relationship
(Table 1). The magnitude in the JMA catalogs (M)
was defined by the original JMA method. The
calculation of the seismic moment M, from the
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Table 1

Parameters of earthquake data for territory of Hokkaido

Zone Sampling period Minimum homogeneity Number of earthquakes
magnitude (M;) in sample

Zone 1 January 1960—October 2013 4.0 1010
January 1980—October 2013 3.5 2452
January 1985-October 2013 3.0 5344
January 1995-October 2013 2.5 6809
January 2001-October 2013 2.0 9104

Zone 2 January 1960-October 2013 4.5 2549
January 1980—October 2013 4.0 3846
January 1985-October 2013 3.5 7728
January 1995-October 2013 3.0 11,293
January 2001-October 2013 2.5 14,267

JMA magnitude M; is based on the relationship
reported in Gusev and Mel nikova (1990):

for M;<6.8 : log(Mo) = 1.32 x M; + 10.43,
for M; > 6.8 : log(M,) = 0.69
X (M;)2 =7 x Mj +41.94.

2.2. SESL’09 Methodology

Several parameters are used to characterize the
seismicity in a specific region within a predefined
time interval, e.g., the total energy of earthquakes E,
number of earthquakes N, activity rate A, and the
slope of the recurrence curve b based on the
Gutenberg—Richter law (Gutenberg and Richter
1949).

The b value is a parameter that describes the
relative amount of shocks ranging from large to small
ones. The commonly used b value is determined by a
linear fit based on maximum-likelihood estimation
(Aki 1965). Assessment of the b-value space and
temporal variations has been reported in numerous
seismicity studies (Mogi 1962; Scholz 1968; Wyss
1973). In particular, Ogata and Abe (1991) presented
time variations in the b-value for the entire world,
several seismically active regions, and Japan. Nanjo
et al. (2012) reported a decrease in the b-value before
the Great 2011 M9.0 Tohoku Earthquake.

The seismic activity rate A is defined as the
number of earthquakes with magnitude greater than
or equal to a specified magnitude per specific unit
area in a region (Bird et al. 2015). This value is used

for construction of maps and showing areas of
different seismic intensity. Calculations of earth-
quake number, cumulative seismic energy, or seismic
moment often use methods describing the state of
seismicity (Greenhalgh and Singh 1988; Horner
1983; Takahashi and Kasahara 2007).

Direct use of the above-mentioned parameters
under some conditions might cause difficulties with
respect to the seismicity level representation; For
example, seismicity parameter comparison between
two different regions requires qualitative assessment
of the seismic regime, because the same amount of
energy release or seismicity rate might be abnormally
high for one region but abnormally low for another.
This suggests that use of absolute seismicity param-
eters is not appropriate in certain situations. Use of
the normalized distribution function of the same
parameter, however, would overcome this drawback.

The SESL’09 method developed by Saltykov
(2011) is designed to represent relative seismicity
characteristics using the seismic moment release rate
for arbitrary periods. The empirical distribution
function of the total seismic moment during a certain
time interval is defined as F(My) = P(XMy < M,),
where P indicates the probability. If the moment
release during a unit interval exceeds a defined
threshold F, a higher or lower seismicity anomaly is
recognized (Figs. 2, 3). This procedure can be used to
monitor the time evolution of the seismic moment
release in a region. The normalized F value also
allows direct comparison of the time variation F for
two or more different regions, using correlation
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Value of

Bara The scale Relative time
d'fs:::tli’;':n of seismicity level of monitoring
1.0
Extremely high 0.5%
0.995
High 2.0%
0.975
Higher background 12.5%
0.85
Intermediate background 70%
0.15
Lower background 12.5%
0.025
Low 2.0%
0.005
Extremely low 0.5%
0.0
Figure 2

SESL’09 scale

analysis. The result of this method might be affected
by the stability of the earthquake magnitude, because
the majority of the seismic moment is released by
larger earthquakes.

We propose to define the threshold values of the
distribution function F as follows: F = 0.005, 0.025,
0.15, 0.85, 0.975, and 0.995 (Saltykov 2011). The
intervals between these values characterize a scale
that contains five seismicity levels (Fig. 2): extremely
high, 0.995 < F; high, 0.975 < F < 0.995; back-
ground, 0.025 < F < 0.975; low,
0.005 < F < 0.025; and extremely low, F < 0.005.
These criteria indicate that the background level
occurs in 95 %, high and low levels occur in 2 %, and
extremely high/low levels occur in 0.5 % of the
monitoring time. The background level can be further
divided into three sublevels: lower background,
0.025 < F <0.15; intermediate background,
0.15 < F < 0.85; and higher background,
0.85 < F < 0.975 (Fig. 2). With this refinement, the
intermediate background level will occur in 70 % of
the monitoring time, while higher/lower background
levels occur in 12.5 % of the time.

To be able to use the scale in practice, the
quantiles of the seismic moment distribution corre-
sponding to the threshold values of the probability
F for different time intervals should be determined.
Using the set of distribution functions F(M,) for
different time intervals AT, one can obtain any
quantile M(F) as a function of the time window
AT. The resulting quantiles for a set of AT values are
fit with a monotone curve. The set of curves forms a
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nomogram, which suggests a qualitative seismicity
estimate for any specified time interval AT.

The SESL’09 methodology can be used to
characterize the seismicity of a target area and allows
seismologists to study variations in seismicity levels
over time. SESL’09 offers an intuitive scale to
describe the state of seismicity understandable to a
layman. Seismic anomalies such as the quiescence
period preceding a strong earthquake can be detected
using this method. SESL’09, unlike more complex
methods that describe the variations in seismicity in
time [e.g., RTL (Sobolev and Tyupkin 1997a; Sobo-
lev et al. 1997) and ETAS (Ogata 1999)], operates
with the actual distribution function of seismicity,
which makes it a convenient method of study. The
SESL’09 method can represent the seismicity level in
both real time and retrospectively. Quick estimation
and easy operation in routine monitoring are avail-
able. The Geophysical Survey of the Russian
Academy of Sciences has been testing this method
to evaluate the seismicity level in seismic areas and
active volcanoes in Kamchatka, Russia.

3. Results and Discussion

3.1. Distribution Functions of Seismic Moment

The empirical distribution function of the total
seismic moment in moving time windows of 7, 15,
30, 90, 180, and 365 days was calculated for each
period (Table 1). Figure 3 presents the calculated
distribution functions for all data presented in
Table 1.

In zone 1, all levels of seismic activity of the
SESL’09 were identified in all time windows since
1995. From 1960 to 2013, no extremely low- or low-
level seismicity was observed in the time windows of
180 and 365 days. An intermediate background
seismicity level was detected for time windows of
7, 15, 30, and 90 days. No low-level seismicity was
observed in 1980-2013 and 1985-2013 in the time
windows of 7, 15, and 30 days. These seismicity
characteristics are caused by a large number of
moving time windows without earthquakes with
magnitude above the reliable detection level.
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Figure 3
Distribution functions of total seismic moment for zones 1 and 2 in moving time windows of 7, 15, 30, 90, 180, and 365 days for different

time periods
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The distribution function for zone 2 in the time
window >90 days generates the entire seismicity
scale starting from 1960 (Fig. 3). For short time
windows (7, 15, and 30 days), low-level seismic
activity was detectable since 1995. These results
reflect the higher seismicity caused by the different
plate convergence rates between zone 1 and zone 2.
Little low-level seismic activity has been observed in
longer time windows of 180 and 365 days since 1995,
owing to limited time intervals.

Analysis of the constructed distribution functions
allowed determination of the optimal time window
for the considered time periods (Table 2). The
selection criterion was compliance of the distribution
function with the maximum number of SESL’09
levels. For each time window, the time period for
which the number of time intervals with zero values
did not exceed 0.005 (first threshold value of the
SESL’09 scale) was selected.

Comparison of the distribution functions for
different moving time windows and sampling inter-
vals was performed using the Kolmogorov—Smirnov
fitting criterion (Corder and Foreman 2014). This
statistical test is used to evaluate whether two
empirical functions obey the same probabilistic
distribution. The Kolmogorov—Smirnov criterion is
nonparametric and sensitive to sampling differences
and requires no distribution-type information.

The results of the test for the combination shown
in Table 2 suggest that the distribution function of
zones 1 and 2 has a high level of significance (5 %)
with respect to their statistical difference. Therefore,
the seismic process of zone 1 differs from that of
zone 2 and is consistent with the crustal convergence
in zone 1 and subduction in zone 2. The same
statistical test was performed for each zone using
different time intervals and sampling periods. The

Pure Appl. Geophys.

combinations shown in Table 3 indicate the sampling
periods with statistically indistinguishable results.
Seismicity in short time windows (7-30 days) should
be mostly considered in the 1995-2013 sampling
period, whereas seismicity in long time windows
(180-365 days) should be considered in the
1960-2013 sampling period.

3.2. Nomograms of SESL’09

The changes in seismicity in the study area are
described using SESL’09 nomograms. These nomo-
grams can be used to determine the level of
seismicity for any time interval if the total seismic
moment is known retrospectively. Figure 4 shows the
nomograms for zones 1 and 2 constructed in time
windows from 5 to 1000 days for the data from 1960
to 2013 and from 1995 to 2013. The seismicity level
is defined as a function of the released total seismic
moment (vertical axis) during a time interval (hori-
zontal axis). Recent seismicity levels during an
arbitrary period can also be evaluated using
nomograms.

Figure 4 shows that the nomogram pattern
depends on the selected time period. Seismicity
levels below the lower background are absent in the
period from 1960 to 2013 in zone 1, and extremely
low levels of seismicity are absent in the nomogram
of zone 2. This is because there are many time
windows without earthquakes. These nomograms
characterize the seismicity of the regions and allow
formalization of the notion of “seismic background”
for different time windows (Table 4).

The criterion for the optimal choice of the time
windows matches the size of the time windows to the
maximum number of seismicity levels in the
SESL’09 nomogram. For zone 1, the period from

Table 2

Time periods that should be used to calculate the distribution function of released seismic moment for selected moving time windows

Moving time window (days)

Sampling period for zone 1

Sampling period for zone 2

7
15
30
90
180
365

January 2001-October 2013
January 1995-October 2013
January 1995-October 2013
January 1980-October 2013
January 1960—October 2013
January 1960—October 2013

January 1985—October 2013
January 1980-October 2013
January 1960—October 2013
January 1960—October 2013
January 1960—October 2013
January 1960-October 2013
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Table 3

Sampling periods corresponding to the statistically indistinguishable combination of distribution functions shown in Fig. 3
Zone 1
Time window (days) 7 15 30 90 180 365
Time frame (years) 2001-2013 1995-2013 1995-2013 1980-2013 1980-2013 1960-2013
P value - 0.008 0.01 0.013 0.005 0.046
Zone 2
Time window (days) 7 15 30 90 180 365
Time frame (years) 1995-2013 1995-2013 1980-2013 1960-2013 1960-2013 1960-2013
P value 0.038 0.002 0.014 0.009 0.014 0.034
P value parameter specified for the period compared with the previous period
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Figure 4

SESL’09 nomograms for zones 1 and 2 for periods 1960-2013 and 1995-2013. The calculation was performed for a set of moving time
windows from 5 to 1000 days. The numbers indicate the levels of seismicity based on SESL’09: 1—extremely high, 2—high, 3—higher
background, 4—intermediate background, 5S—lower background, 6—low, 7—extremely low. Dotted lines indicate areas of extrapolation for
extremely high and high seismicity levels
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Table 4

Borders of intermediate background seismicity levels of seismically active zones of Hokkaido for different moving time windows

Zone Sampling period
window (days)

Size of moving time Boundaries of log(Mo,[N x m]), which is Boundaries of magnitude M;, which is
the intermediate background

the intermediate background

Bottom Top Bottom Top
1 January 1960—October 2013 7 - - - -

30 15.7 16.0 4.0 4.3

365 15.9 17.9 4.2 5.6

January 1995-October 2013 7 13.7 15.4 2.5 3.8

30 15.0 16.3 35 4.5

365 16.7 17.8 4.8 5.6

2 January 1960-October 2013 7 16.4 17.0 4.5 5.0
30 16.4 18.0 4.5 5.8

365 18.3 19.9 6.0 7.1

January 1995-October 2013 7 159 17.2 4.2 5.3

30 16.9 18.1 49 59

365 18.6 19.7 6.3 7.1

1960 to 2013 corresponds to the moving time window
range from 331 to 1000 days (represented by five
seismicity levels on the SESL’09 scale). For the
period from 1995 to 2013, this range is 26-34 days
(represented by all seismicity levels on the SESL’09
scale). Similarly, the preferable range for zone 2
from 1960 to 2013 and from 1995 to 2013 is
111491 days (represented by six levels of seismic-
ity) and 5-64 days, respectively.

Comparison of the constructed nomograms shows
the differences in the seismic moment release during
all seismicity levels between zones 1 and 2. In
particular, the intermediate background level in
zone 2 is higher than in zone 1 in all studied
sampling periods (Table 4), reflecting the active
tectonics in these regions.

3.3. Correlation of Seismicity Level Variations
in Zones 1 and 2

The time variations in seismicity levels indicate
seismic activity characteristics in the study area. The
autocorrelation and cross-correlation functions of the
seismicity level were investigated for possible trends
or cyclical fluctuations and the spatial correlation of
the seismic process in time.

Autocorrelation functions for seismicity levels
were calculated for both zones (Fig. 5). The functions
depend on the limits of the time window caused by

the peculiarities of the values of certain autocorrela-
tion intervals. The autocorrelation calculation should
start with a value of the time shift equal to the size of
the time window; For example, one should use the
autocorrelation function with a 4-week displacement
for a time window of 30 days, while the value of the
displacement will be 52 weeks for a time window of
365 days.

These autocorrelation functions for zones 1 and 2
show the independence of the current value of the
seismicity level from the previous time intervals for
all time windows (Fig. 5).

The cross-correlations of all time windows show
that the series of time variations in the seismicity
level for zones 1 and 2 were uncorrelated in all long
time intervals for almost all periods (18 years and
over). The correlation between zones 1 and 2 from
1996 to 2000 was stronger. The simultaneous corre-
lation in two independent windows of 90 and
180 days suggests signal confidence (Fig. 6). The
maximum correlation coefficient is 0.72; a temporal
lag of 8 weeks was identified in the 180-day time
window. The cross-correlations for the time window
of 90 days show the maximum value of 0.53, with the
same time lag. These results suggest that the active
manifestation of seismicity in zone 2 from 1996 to
2000 was 8 weeks ahead of the seismic activity in
zone 1.
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Autocorrelation function for zones 1 and 2 plotted for time windows of 7, 30, and 365 days. The vertical gray line indicates the border of the
temporal offset, which is a function of the autocorrelation, and depends on the previous time intervals based on the choice of the time window.
Dashed lines indicate 99 % confidence bands

3.4. Seismic Quiescence prior to Hokkaido Toho-Oki
Earthquake (M; 8.2)

The Hokkaido Toho-Oki Earthquake of M; 8.2
occurred in the southern part of the Kurile Islands on
4 October 1994. It was an intraslab earthquake and
the strongest earthquake in zone 2 during the study
period, causing extremely high-level aftershock seis-
micity. The time evolution of the seismicity level in
zone 2 is shown in Fig. 7. The seismicity in the time
window of 365 days in zone 2 mostly correlates with
the intermediate background level. The seismicity
decreased to a low level in 6 months before this
earthquake. This is the longest seismicity level
decrease in the whole study period (1960-2013)

and suggests a seismic quiescence period prior to this
great earthquake.

Pre-earthquake seismic quiescence periods have
been reported in previous studies (Saltykov and
Kugaenko 2000; Sobolev and Tyupkin 1997b;
Wiemer and Wyss 1994; Wyss 1986; Wyss et al.
2004). Katsumata and Kasahara (1999) described
seismic quiescence around the focal area of this 1994
great earthquake, approximately
5 years of quiescence preceding the main shock.
Takanami et al. (1996) also suggested 3 years of
precursory seismic quiescence near the focal region.
These three independent research results lead to the
same conclusion of seismic quiescence prior to this

and indicated



1980

© oo
Mo

s9o
PN

Cross Correlation
o ]

P. Voropaev et al.

Pure Appl. Geophys.

Time window 90 days

o
)

o
©

N T I

0.4

Cross Correlation
o

-0.4
-0.8
rrrrrrrr 10111t rrrrr T T T
-260-240-220-200-180-160-140-120-100 -80 -60 -40 -20 0 20 40 60 80 100 120 140 160 180 200 220 240 260
Lag, weeks
Figure 6

Cross-correlation functions between the series of time variations of the seismicity level in zones 1 and 2 for time windows of 90 and 180 days
from 1996 to 2000. These functions take the maximum value at the temporal lag of 8 weeks. Dashed lines indicate 95 % confidence bands

04.10.1994 26.09.2003
M=8.2 M=8.0
1
Extremely high
0.995
- High
S 0.975 —
= .
3] Higher background
S 085 - ) —
= Intermediate background '
S 05—
E 0.156 \
£ MV Vo v v ~
%) Lower background
A 0.025
Low
0.005
Extremely low
T T T T T T T T T T T T T T T T T T T T T T T T 171
< 2] © [ (=3 (2] o - N [ < v © N~ © =23 o - N (] < [Ye] © N~ © =2} o
© © 0 -] 0 [~ <23 (<2 (=2 (=23 <23 =23 =23 [=23 (=2 (=2 o o [=3 [=1 o o (=] [=] [=} [=] -
(2] (=2 (=2 [=2] [=2] (2] (=2 (=2 (=2 [=2] (=2 [=2] o o0 o o o o o o o o o o o o (=]
DT T T T T T DT T T I I B B T I B B B
N N N N N N N N N N N N N N N N N N N N N N N N N N N
- v v T 5T S 5L ST % ST v 5T T v T L DT LD D D R SR 9 9w o ow
(=2 =2 =23 (=23 =] © © © [ N~ N~ N~ © © © © wn [Y2] 2] [Ye] < < < < ™ ™ [l
o o o o o o o o o o o o o o o o o o o o o o o o o o o
Figure 7

Variations in seismicity level in zone 2 from November 1985 to December 2010. Moving time window: 365 days. Arrows indicate the
M; = 8.2 Hokkaido Toho-Oki Earthquake on 4 October 1994, and M; = 8.0 Tokachi-Oki Earthquake on 26 September 2003

earthquake. This also indicates the validity of the
SESL’09 procedure.

The difference in the duration of the seismic
quiescence between this study and two previous
studies, by Takanami et al. (1996) and Katsumata and
Kasahara (1999), is likely caused by the differences
in the areas analyzed; Zone 2, in this study, covers a
wider region than the aftershock region of the
earthquake investigated by Katsumata and Kasahara

(1999). This seismic quiescence was not observed
earlier than 6 months before the main shock because
a significant number of earthquakes outside the
aftershock region within zone 2 did not allow the
level of seismicity to decrease below the intermediate
background. The reliability of this quiescence period
can be confirmed using the results from independent
analyses.
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Seismic quiescence was not observed prior to
other strong earthquakes in zones 1 and 2; For
example, the seismicity in the time window of
365 days preceding the M; 8.0 Tokachi-Oki Earth-
quake on 26 September 2003 was within the
intermediate background level and increased to the
high level after the earthquake due to the aftershock
activity (Fig. 7).

4. Conclusions

The SESL’09 methodology was applied to
describe the seismically active areas of Hokkaido.
The seismic catalog of the Japanese Meteorological
Agency was evaluated. Two seismic zones in Hok-
kaido, on the Sea of Japan and Pacific sides, were
selected for the study. Five periods with uniform
earthquake detectability based on the Gutenberg—
Richter relationship were investigated.

Statistical analysis of the seismic activity level
using the Kolmogorov—Smirnov criterion suggested
different distribution functions for the released seis-
mic moment on the Sea of Japan and Pacific sides.
The optimal time window for analysis was also
estimated using this statistical criterion. Analysis of
time variations in seismicity levels showed no cor-
relation between the seismic processes of the two
studied zones in the target period. However, a strong
correlation with time lag of 8 weeks was identified
between 1996 and 2000.

A seismic quiescence period was identified before
the M; 8.2 Hokkaido Toho-Oki Earthquake on 4
October 1994. This quiescence period correlates to
the 6-month decrease in the seismicity on the Pacific
side to a lower level prior to the earthquake and might
be a reliable precursor signal because similar quies-
cence characteristics were detected by independent
seismicity analyses (Takanami et al. 1996; Kat-
sumata and Kasahara 1999).
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