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Seismicity Rate Changes Associated with Static Stress Step and Change in Stressing
Rate: A Prospect of Precise Earthquake Probabilistic Forecasting
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Abstract

0 O Traditionally, long-term earthquake probability has been estimated using regional
seismicity or a characteristic earthquake hypothesis without considering any recent stress
perturbations caused by sudden crustal deformation or nearby earthquakes. The conventional
calculation method ignores such processes observed time dependent clustering of earthquakes,
and the occurrence of aftershocks or anti-shocks[ seismicity rate decreases[l | have thus
introduced a method to seek the time-dependent seismicity rate based on stress interaction,
incorporating the rate-and state-dependent friction law. Regarding earthquake productivity
response to the stress state, coseismic stress step controls amplification of seismicity rate
increase. In addition, assuming that the constitutive parameter and normal stress are
constant throughout time, the aftershock or anti-shock duration is inversely proportional to
the regional tectonic stressing rate. Thus, influence of the stress step lasts longer where the
loading rate is slow, and the long-term probability retains the stress-related change longer. In
addition, change in the loading rate proportionally causes the change in the earthquake
productivity, in other words earthquake probability, with some delay estimated by a new
loading rate. The response time to the sudden loading rate change depends on a new loading
rate as predicted by the rate- and state-friction theory.

0 O To make further validations about this theory and method, | have investigated two cases
of stress triggering, 2000 seismic swarm activity in and around the lzu lIslands, and the
October 6, 2000, M7.3 Tottori-ken-seibu earthquake. In the Izu swarm activity, the factor of
the stressing rate changes was focused. Observed hundreds- to thousands-fold increases of
seismicity rate than usual during the active two-month period are almost equivalent to the
increases in the tectonic stressing rate caused by a dike intrusion. In contrast, long aftershock
duration and long influence of the stress perturbation associated with a low stressing rate
were tested in the Tottori case. Even though we need to incorporate additional factors such as
viscoelastic behavior and change in earthquake size distribution, this method is expected to
contribute more precise long-term earthquake probabilistic forecasting together with well-
determined data from recent GPS and seismic networks.
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Fig.010 Schematic illustration of the effect of negativelO at point xO and
positived at point y[Ostress changes on earthquake probability along
a strike-slip fault, given an arbitrary off-fault fault earthquake
sourceld] modified from Toda et al.,[(11998[1
0 ald Clock advance and b delay to the next earthquake based on
a simple stress threshold model.O cO Earthquake probability
increase andl] dOdecrease incorporating rate-and state-friction law.
The 10-yr probability is the integral over the period in question.
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Fig.020 Influence on the San Gregorio fault due to stress change associated with the Loma
Prieta earthquake on M T 1.5 seismicity ratesd] modified from Stein 1999[1
0 al Map showing 0.08 MPa increase of Coulomb stress on the San Gregorio fault.
0 b0 Seismicity rate change on the San Gregorio fault before and after the Loma
Prieta earthquake. A solid black line shows the theoretical curve based on rate-
and state- friction. Gray lines indicate 95% confidence limits.
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Fig.030 Theoretical curves of time-dependent
seismicity rate increase caused by shear
stressing rate increase.

0 all The stressing rate changes to five and
ten times larger than before at the
time of 2 years.

0 b0O Corresponding seismicity rate increases
calculated by equations 40 andd 80
in the text under two different
conditions of Ac .0 The initial seis-
micity rate was set to 1.
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Fig.040 Shear stressing rate calculated on verti-

cal strike-slip faults caused by a
modeled dike intrusion during the 2000
Izu Islands' swarm activity.
The model explained in the text is used
for stress calculation at a depth of 40km.
Epicenters 6/26/00 — 8/23/0000 are from
ERI, University of Tokyo. Most of the
earthquakes that occurred in the areas
strike-slip faults have been brought
closer to failure.
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Fig.[050 Seismicity rate change of M @ 3 shocks
between 15 years before and two months
during the 2000 Izu Islands’ swarm
activity.

Calculations and visualizations are

based on the method described in
Reasenberg and Simpson 19921 A
smoothing radius of 3[km is used for
Gaussian filtering for visualization. The
seismicity near the dike and the off-dike
jumps more than thousands times and
hundreds times of the background rate,
respectively.
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Fig.006 Coseismic Coulomb stress change on the vertical strike-slip faults at a depth of 4 km caused by M O 6
shocksO a. July 1, M6.4, b. July 9, M6.1, c. July 15, M6.30 during the 2000 Izu Islands' swarm activity.
The fault models are based on Kikuchi and Yamanakall 2000[1 Epicenters five days after the
occurence of each mainshock are plotted(] data from ERILL
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Fig. 7 Observed seismicity time series compared to a rate/state model.
O ald Inferred stressing rate and resulting aftershock duration, ta, near the dike with estimated
coseismic stepsd A T 0 of M~6 shocks included.O b0 Resulting seismicity rate change for the area
shown in the inset map. Aftershock durations are brief because the stressing rate is high. Peak
seismicity rates are amplified above the already elevated swarm rates.[J cOJ Stressing model and dJ
seismicity rate change north of the dike. Because the stressing rates are lower off the dike,
background seismicity takes longer to reach a steady state and aftershock durations are longer. Ac

=0.01 MPa is used for the modeled curves.
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Fig.080 Static shear stress change on vertical strike-slip faults caused
by the October 6,2000 M7.3 Tottori-ken-seibu earthquake at a
depth of 8lkm. Fault model from GSIO 2000b[1
One-month aftershocks are from the JMA catalog. Vigorous
off-fault aftershocks occurred in the areas shear stress
calculated to have increased. Shear and Coulomb stress
changes on the nodal planes of the largest aftershock NEID,
20000 are calculated as all positive.
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Fig.[09 Seismicity rate change of M & 2.5 shocks between 20 years before and one
month after the Tottori-ken-seibu earthquake.
Epicenters before and after are plotted as small triangles and circles,
respectively. Seismicity rates along the source fault and west/east of off-
fault areas were increased after the mainshock, while there was no
seismicity observed in the fault-edge lobes where static stress was

calculated to have increased.
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Fig.0100 Aftershock decays in both the 1943
M7.2 Tottori earthquake and the 2000
M7.3 Tottori-ken-seibu earthquake.
Earthquakes larger than or equal to
M4 within 20 km from the source faults

[0 Sato, 19731GSI, 20000 are counted in
the JMA catalog. Because the decay of
the 2000 shock has been following the
one of the 1943 shock and background
seismicity is quite low, influence of the
stress change by the 2000 shock on the
local seismicity will last longer.
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