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Abstract—We investigate spatio-temporal properties of earth-

quake patterns in the San Jacinto fault zone (SJFZ), California,

between Cajon Pass and the Superstition Hill Fault, using a long

record of simulated seismicity constrained by available seismo-

logical and geological data. The model provides an effective

realization of a large segmented strike-slip fault zone in a 3D

elastic half-space, with heterogeneous distribution of static friction

chosen to represent several clear step-overs at the surface. The

simulated synthetic catalog reproduces well the basic statistical

features of the instrumental seismicity recorded at the SJFZ area

since 1981. The model also produces events larger than those

included in the short instrumental record, consistent with paleo-

earthquakes documented at sites along the SJFZ for the last

1,400 years. The general agreement between the synthetic and

observed data allows us to address with the long-simulated seis-

micity questions related to large earthquakes and expected seismic

hazard. The interaction between m C 7 events on different sections

of the SJFZ is found to be close to random. The hazard associated

with m C 7 events on the SJFZ increases significantly if the long

record of simulated seismicity is taken into account. The model

simulations indicate that the recent increased number of observed

intermediate SJFZ earthquakes is a robust statistical feature her-

alding the occurrence of m C 7 earthquakes. The hypocenters of

the m C 5 events in the simulation results move progressively

towards the hypocenter of the upcoming m C 7 earthquake.

Key words: Earthquake dynamics, Earthquake interaction,

forecasting, and prediction, Statistical seismology, Seismicity and

tectonics.

1. Introduction

The San Jacinto Fault Zone (SJFZ) is part of the

San Andreas system in southern California and is

located between the Elsinore Fault to the SW and the

San Andreas fault to the NE. The total length is

around 230 km and the faulting is associated pri-

marily with right-lateral motion, with slip rates in the

range 10–20 mm/year (ROCKWELL et al. 1990; FIALKO

2006). The seismicity along the SJFZ is characterized

by strong variability along strike. An accurate relo-

cated earthquake catalog from 1 January 1981 until

30 June 2011 includes earthquakes with magnitudes

up to m = 5.4 (HAUKSSON et al. 2012). The largest

recorded earthquake in the study area is the M6.6

event on 9 April 1968 on the Coyote Creek segment.

Other historic earthquakes dating back to the nine-

teenth century have approximately similar size. The

relations of WELLS and COPPERSMITH (1994) imply that

earthquakes with magnitudes around m = 7.5 should

be possible if most of the fault takes part in a rupture.

The lack of such an event in the instrumental data

may simply reflect recurrence intervals larger than

the observational period. Other explanations include

a general inability of system-size ruptures on the

SJFZ due to step-over regions that cannot be jumped.

Records of paleo-earthquakes at the Hog Lake and

Mystic Lake sites over the last 1,400 years support

the occurrence of large earthquakes on the SJFZ

(ONDERDONK et al. 2013; ROCKWELL et al. 2014),

although the magnitude of these events is not clear. In

particular, ONDERDONCK et al. (2013) report evidence

for seven large events with recurrence times between

160 and 210 years from paleoseismological studies of

the Mystic Lake site; some of them fall within quiet

periods of the Hog Lake site (ROCKWELL et al. 2006,

2014). The observation that at least three are similar

in age between the two sites suggests that the rupture

may have jumped the step-over at the San Jacinto

Valley. Because the last paleo-earthquake occurred

about 200 years ago, the next large event is likely

overdue.
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To provide additional understanding on the

possibility that the SJFZ is capable of producing

large events, and the resulting consequences for the

current seismic hazard, we use simulated seismicity

based on a model that is adjusted to reproduce key

available observations. The model accounts for

earthquake-slip, aseismic creep, strong heterogene-

ities, evolving threshold dynamics, and long-range

interactions (BEN-ZION 1996, 2012; ZÖLLER et al.

2005). The model input includes dimensions of the

computational grid on which seismicity is simu-

lated, boundary conditions, locations of major step-

overs, average local stress drops during brittle

instabilities, and creep coefficients that increase

with depth and toward the ends of the computa-

tional domain. The constitutive parameters are

chosen to account for large paleo-earthquakes

between (and sometimes across) the major step-

overs, and reproduce the space-time-magnitude

statistical properties of the instrumental seismicity

(m B 5.4). Model simulation results for several

thousands of years allow us to overcome the

problem of a short observational period and provide

insights on the likely statistical properties of large

earthquakes (m � 5.4).

The general approach of generating synthetic

seismicity to overcome problems of sparse data and

large statistical uncertainties became popular in

recent years (POLLITZ 2011; RICHARDS-DINGER and

DIETERICH 2012; ROBINSON et al. 2011; TULLIS et al.

2012). While it is possible to add various ingredients

to the model, such as a network of multiple faults and

more complicated rheologies, the added degrees of

freedom are not necessarily well-constrained. The

relatively simple model used in this work can pro-

duce a wide range of realistic phenomena (e.g.,

space-time distributions of slip and hypocenters,

different types of frequency–size and temporal event

statistics, scaling of source time functions, and more),

and reproduce successfully various observed features

of seismicity on large fault zones (BEN-ZION et al.

2003; MEHTA et al. 2006; ZÖLLER et al. 2008). The

relative simplicity of the model allows us to assimi-

late efficiently the available information from

instrumental and paleoseismic data on the SJFZ, and

to derive related statistical estimates of the large-

earthquake hazard on the fault.

2. Study Area and Model

The study area with the distribution of earth-

quakes and other features of interest is shown in

Fig. 1a. We consider the portion of the San Jacinto

Fault Zone between Cajon Pass and the Superstition

Hill Fault, with a length of about 150 km. This choice

covers the fault portion where significant paleoseimic

data are available and future large earthquakes are

generally expected. The investigated region includes

two major step-over regions: the first at San Jacinto

Valley and the second at Coyote Ridge. The Mystic

Lake and Hog Lake sites of paleoseismological

studies (ONDERDONK et al. 2013; ROCKWELL et al.

2006, 2014) are also shown.

The model provides an effective realization (BEN-

ZION 1996; ZÖLLER et al. 2007) of a large, segmented

strike-slip fault zone of 150-km length and 25-km

depth, covered by a computational grid with

128 9 21 cells in a 3D elastic half-space (Fig. 1b).

The boundary conditions consist of constant velocity

motion vpl = 14 mm/year around the fault (FIALKO

2006). It is easy to add to the boundary conditions

fluctuations associated with the occurrence of large

earthquakes outside the computational grid (BEN-ZION

and RICE 1993). However, we assume that such

fluctuations have transient effects that are not essen-

tial for the large spatio-temporal earthquake patterns

that are the focus of this work. The model dynamics

are governed by static-kinetic friction and power law

creep, as described in BEN-ZION (1996) and ZÖLLER

et al. (2005), with heterogeneous distributions of

static/kinetic friction and creep properties. The creep

rates are assumed to increase toward the border of the

computational grid. The idealized boundary condi-

tions at the lateral model edges prevent us from

discussing detailed results near the model edges, but

this is not expected to significantly affect the large-

scale patterns along most of the computational grid.

The changing thickness of the seismogenic crust

reflected in the instrumental catalog (HAUKSSON et al.

2012) is modeled by varying the brittle-ductile tran-

sition depths from 18 km near Cajon Pass at the NW

end of the study area to 10 km near the SE end of the

fault. Details on simulating the transition from brittle

to ductile deformation are given in BEN-ZION (1996).

The major stepovers are accounted for by quenched
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heterogeneities of the static strength ss that should be

reached for brittle failure (Fig. 1c). The step-over at

San Jacinto valley is a sharp increase followed by a

gradual decrease of ss(i) for a cell i along strike from

NW to SE, while the step-over at Coyote Ridge

marks the beginning of the complex trifurcation area

and is modeled as a series of three spikes. We note

that the specific shapes of the heterogeneities have

only little influence on the catalog statistics. It is

primarily important that the gradient of the static

strength is high enough to stop an evolving rupture

and thus simulate the step-over; the degree of heter-

ogeneity can be varied further by the number of

spikes.

When a computational cell i with shear stress

s(i;t) at time t reaches the static strength,

s(i;t) C ss(i), the stress drops to a lower arrest stress

sði; tÞ ! saðiÞ; and strength is reduced to a dynamic

level, ssðiÞ ! sdðiÞ; for the duration of the rupture.

We add to the hypocenter coordinates a normally

distributed noise accounting for location errors. The

local reduction to arrest stress DsðiÞ ¼ ssðiÞ � saðiÞ
is generally around 5 MPa, and it is increased at the

sites of Hog Lake and Mystic Lake to 7 MPa to

produce large (paleo) earthquakes. The values

sd(i) are determined using a dynamic overshoot

coefficient DOS = (ss(i) - sa(i))/(ss(i) - sd(i)) =

1.25; for more details see BEN-ZION (1996). The

model stress drops are the average values of the

differences between the evolving initial and final

stresses over the failure areas of the simulated

earthquakes.

3. Results

Using the model described in the previous section,

we simulate a long earthquake history with events in

the magnitude range m 2 ½4:01; 7:58�: The minimum

magnitude is determined by the size of the compu-

tational cell. Refining the grid can be used to decrease

the minimum magnitude at the expense of higher

computational effort. The early period of simulated

earthquake history is typically characterized by

transient behavior, which lasts until the system

dynamics stabilize. As an indicator for the dynamical

state, we calculate the mean stress on the computa-

tional grid for each time when an earthquake occurs.

This quantity becomes confined in a particular range

as soon as the stable dynamical regime is reached.
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Figure 1
a Spatial distribution of seismicity in the study area around the San

Jacinto fault zone with m C 3 earthquakes color-coded by

magnitudes. The black dots show earthquakes in the surrounding

regions; the Mystic Lake and Hog Lake sites are shown as red

triangles; b sketch of the model for simulated seismicity; c

dependence of static strength and local stress drop along strike
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Figure 2 shows the stress history in the first 8,000

simulation years, which exhibits after some time

typical ‘‘stick-slip’’ behavior with fractal character-

istics (BEN-ZION et al. 2003; ZÖLLER et al. 2008).

While visual inspection suggests a transient period of

about 1,200 years, we use a more conservative value

and remove the first 5,000 years from the catalog

which is analyzed in the remainder of the study. The

examined catalog has a length of about 87,000 years

and includes about 220,000 earthquakes.

Figure 3 presents a comparison of the spatial

distributions of the instrumental catalog and synthetic

seismicity. The overall spatial variability along strike

(a), the bell-shaped depth profile (b), and the variable

thickness of the brittle crust (c) are generally in good

agreement. Figure 4a compares the frequency–mag-

nitude distributions of the instrumental and synthetic

seismicity. The thin solid line shows an example for a

simulated subcatalog with the same time coverage of

30.5 years as the instrumental catalog. The heavy

thick line refers to the complete synthetic catalog,

which can be considered as a stack of several small

catalogs. For both the instrumental and simulated

seismicity, the b-value is close to unity. The roll-off

at m & 4 for the synthetic seismicity stems from

discretization effects. Large characteristic-type

events occur with slightly increased probability

compared to the scaling relation up to m & 6.2.

Figure 4b shows the distribution of earthquake stress
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Figure 2
Mean stress on the computational grid for the first 8,000 years of

simulated earthquake history. To avoid transient effects, the first

5,000 years are not used for the analysis
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simulated earthquakes as a function of depth and distance along strike
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drops for events with m C 5. Smaller earthquakes are

excluded because, due to the limited grid resolution,

they have a smaller range of possible magnitude and

stress drop values. In the range not determined by the

cell size (Fig. 4b), the model stress drops are in good

agreement with the observed lognormal distribution

in Fig. 10 of SHEARER et al. (2006).

Earthquake recurrence times are presented in

Fig. 5. For comparison, the observational catalog is

only considered for magnitudes above the lower

threshold of the model catalog, namely m C 4.01,

although it is complete down to smaller magnitudes.

Therefore, the probability density function (pdf) of

recurrence times of the observed data is based on only

35 earthquakes. The figure suggests overall expo-

nential recurrence times for both catalogs, indicating a

Poisson process with a coefficient of variation CV

& 1. A fit of the exponential distribution with rate k is

given as a dashed line, while a corresponding fit with

the Weibull distribution is shown by a dotted line. We

note that a Weibull distribution with a shape param-

eter k = 1 is the same as the exponential distribution.

Both distributions in Fig. 5 are in overall good

agreement with exponential behavior.

The goodness-of-fit of the exponential distribution

in Fig. 5 may be evaluated by a Kolmogorov-Smirnov

(KS) test. In particular, we applied a one-sample and

two-sided KS test using the exponential distribution

with the rate estimated from the catalog as a null

hypothesis. For the instrumental catalog in Fig. 5a, the

p value of the KS test, p = 0.4581, is clearly higher than

commonly chosen levels of confidence like a = 0.05,

implying that the exponential distribution cannot be

rejected. In the case of the synthetic catalog (Fig. 5b),

the exponential distribution is clearly rejected

(p \ 10-10). This result is, at first glance, surprising.

However, Fig. 5b shows a mismatch of data and fit for

small recurrence times (\1.2 years). This deviation

arises from discretization effects in time and space. The

discretization in time is associated with a finite mini-

mum time difference between two earthquakes. The

smallest (single-cell) events have only a narrow range

of possible magnitude values. In turn, the portion of

stress that is transferred by such events has also a small

number of preferred values resulting in only a few

possible recurrence times. Repeating the KS test for

recurrence times C1.2 years results in p = 0.1014,

leading again to failure of rejection of the exponential

distribution based on commonly used levels of confi-

dence. The exponential function can therefore be

considered as a well-fitting distribution for recurrence

times of earthquakes with magnitudes [4, if model

discretization effects are ignored.

Next, we focus on magnitudes that are rarely, if at

all, included in the instrumental catalog. Figure 6a

and b show, respectively, recurrence time PDFs for

synthetic earthquakes with m C 6 and m C 7. For

illustration, we fit a Weibull distribution with density

f ðtÞ� ðt=lÞk�1
exp ½�ðt=lÞk� to the data (dashed

line). The Weibull distribution is used here for two

reasons: first, other commonly used distributions like

the lognormal or the Brownian Passage Time show

poor agreement with the data in this range of recur-

rence times. Second, if the shape parameter k is unity,

the Weibull distribution degenerates to the exponen-

tial distribution, indicating a memoryless Poisson
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process. Therefore, the value of k might estimate to

which degree the recurrence time properties are

consistent with a Poisson process. Figure 6a shows

gradual deviations from the exponential statistics in

Fig. 5b; the coefficient of variation decreases from

0.98 (Fig. 5b) to 0.78 (Fig. 6a), and the Weibull

shape parameter is now k = 1.29. The recurrence

times for m C 7 are centered around 150 years with
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k = 2.44. While the overall fit in Fig. 6b is obviously

poor, the tail is roughly consistent with the Weibull

distribution. In general, we observe with increasing

magnitude cutoff a transition from the exponential

distribution to the Weibull (or other non exponential)

distribution. This is consistent with the overall ran-

dom occurrence of small (and moderate) earthquakes,

while large earthquakes are characterized by a peaked

distribution that allows for quasiperiodic earthquake

recurrence. We do not attempt to resolve what is most

likely the ‘‘true’’ distribution, because in the follow-

ing we use directly the simulation results and not the

fitted distributions. Commonly used theoretical dis-

tributions include the lognormal and the Brownian

Passage Time distribution (ZÖLLER et al. 2007, 2008;

BEN-ZION 2008).

We note that the small peak at around 300 years is

related to the fact that the transition from random

intermediate-size earthquakes to large quasi-periodic

earthquakes is gradual rather than sharp: due to small

differences of the magnitude values of m & 7 earth-

quakes, some events with magnitudes slightly smaller

than m = 7 are not included in this figure, although

they are likely part of quasi-periodical large events.

This leads to a second mode at about 2 9 150 years in

the recurrence time distribution, which is artificial in

the sense that it is affected by the chosen magnitude

threshold. The coefficient of variation CV = 0.42 is

lower than in Fig. 6a, but is still associated with con-

siderable irregularity. A 90% fraction of the recurrence

times has values between 109 and 158 years. To

examine the interaction between different sections of

the SJFZ, we show in Fig. 6c and d the time intervals

between pairs of events with m C 7 on the central

section around the Hog Lake site and the NW section

around the Mystic Lake site. To have enough event

pairs, results of ten synthetic catalogs with randomized

initial stresses have been stacked. We find that Fig. 6c

and d are in overall agreement with the PDF in Fig. 6b,

suggesting that there is little difference whether sub-

sequent large earthquakes occur on the same or

separate segments. The results show no significant

evidence that large earthquakes on the NW and the

central segments are statistically correlated in time.

The paleoseismological findings of ONDERDONK

et al. (2013) indicate seven surface-rupturing earth-

quakes with recurrence intervals between 159 and

210 years. Even if the 18 paleo-earthquakes within

4,000 years from the Hog Lake site (ROCKWELL et al.

2006, 2014) are included, this number is too small to

allow for a statistically robust comparison with the

model. In this context, we also note that no precise

magnitude information of the paleo-earthquakes are

available. However, the ability of the model to pro-

duce a broad range of realistic phenomena in general

(BEN-ZION 2008; ZÖLLER et al. 2009), and results

consistent with observations associated with the SJFZ

in particular (Figs. 3, 4, 5) motivates us to use next the

synthetic seismicity to estimate the hazard associated

with large earthquakes on the SJFZ.

In the following, we quantify the information gain

from the paleoseismological data and the numerical

model results with respect to the large earthquake

hazard. We consider two cases: first, we solely use

the instrumental earthquake catalog; second, we

include the additional results based on the simulated

recurrence time distribution F(t) in Fig. 6b, and the

knowledge that the elapsed time t0 since the last large

paleo-event is about 200 years. In this second case,

the conditional probability PðDtjt0Þ that the next

event with m C 7 will occur in a time interval of

length Dt from now, given that the last event occurred

t0 = 200 years ago, is given by

PðDtjt0Þ ¼
Fðt0 þ DtÞ � Fðt0Þ

1� Fðt0Þ
: ð1Þ

Results are provided in the second column of Table 1

for three time horizons Dt: For the former case, where

only the instrumental catalog is available, Eq. (1) can

not be applied, because we do not have the data to

estimate the recurrence time distribution F(t) for M7

earthquakes. Therefore, we use the extreme value

approach of EPSTEIN and LOMNITZ (1966) based on

Poissonian occurrence of earthquakes with intensity k
and magnitudes following the Gutenberg-Richter

distribution FGRðmÞ ¼ 1� 10�bðm�m0Þ with a given b-

value. The probability that the largest earthquake in a

time interval of length Dt has a magnitude m C 7 is

given in this case by

GðDtÞ ¼ 1� exp ½�kDtð1� FGRð7ÞÞ�; ð2Þ

where the exponential term is the Gumbel distribu-

tion that belongs to the family of the Generalized

Extreme Value (GEV) distributions. We emphasize
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that the use of Eq. (2) is in line with traditional

probabilistic seismic hazard assessments; in particu-

lar, earthquakes in general are assumed to follow a

stationary Poisson process characterized by expo-

nentially distributed recurrence times. The

corresponding hazard function is time-independent

and, therefore, the probabilities for future events do

not depend on the past.

In contrast, if the recurrence times follow a

Weibull distribution, the hazard will be small

immediately after a large earthquake and then

increase with evolving time. After a certain time, it

will exceed the constant hazard of the Poisson pro-

cess, given that the next large event has not occurred

yet. Whether or not this state is reached after

200 years of ‘‘quiescence’’ in the SJFZ can be elab-

orated by a comparison of Eq. (2) based on the

Poisson process with Eq. (1) based on the recurrence

times of the simulated seismicity. For the b value in

FGR(m) and the Poisson intensity k in Eq. (2), we use

the following maximum likelihood estimates: b̂ ¼
1:10 and k̂ ¼ 12:36 year�1; where the magnitude of

completeness is set to m0 = 3 from visual inspection

of the scaling regime in the distribution. The corre-

sponding results are shown in the third column of

Table 1. Because earthquake clustering may violate

the Poisson assumption, we repeat the calculation

with a catalog that has been declustered with the

method of REASENBERG (1985). Using the standard

parameters for California leads to identifying about

90 % of all earthquakes as aftershocks with a new

b value estimation of b̂ ¼ 0:64: Due to this likely

overestimation of the aftershock frequency, we

reduce the interaction radius in Reasenberg’s method

from ten to five crack radii leading to a fraction of

64 % of aftershocks and b̂ ¼ 0:98: The corresponding

results are given in the fourth column of Table 1.

A comparison of both approaches indicates that

the hazard increases significantly if not only the

instrumental catalog information, but also the model

results in combination with the paleoseismological

knowledge are taken into account. We recall that

90 % of recurrence times in Fig. 6b are in the range

109 years B Tr B 158 years. Given the good general

agreement between the statistical properties of the

available data and model catalog, the results strongly

suggest that an earthquake with m C 7 is likely to

occur within the next decades; even if it occurred

now, the recurrence time would be in the tail of the

distribution. For the next 100 years the probability of

occurrence is 65.5 %, which is in clear contrast to the

small 17.4 % value from the instrumental data or

18.5% from the declustered catalog.

Finally, we note the increased number of m * 5

earthquakes observed in the study area. While only

seven earthquakes with moment magnitude Mw C 5

have been recorded in the study area during about

50 years since 1 January 1932 (HUTTON et al. 2010),

three such events occurred since 2001 along with

numerous m [ 4 earthquakes, including an Mw = 5.3

event in 2010 and an Mw = 4.7 event on March 11,

2013, most of them in the region southeast of Anza.

Although these numbers are not sufficiently high to

provide clear statistical evidence for seismicity rate

changes in this magnitude range, we can search for

this pattern in the synthetic data.

Analyzing stacked synthetic seismicity, including

about 800 earthquakes with m C 7, we count the

number of events with m C 5 preceding each m C 7

earthquake in a time window of 15 years. The

resulting distribution is provided in Fig. 7a. On

average, one M7 event is preceded by about 5.6 M5

events within 15 years. For the entire catalog, the

average number of M5 earthquakes within a 15-year

time window is 4.1 (dashed vertical line in Fig. 7a).

The statistical significance of the increased number of

M5 earthquakes preceding an M7 event can be eval-

uated by applying the Student’s t test. In particular, we

calculate the 99 % confidence interval I99 for the true

Table 1

Probability for an earthquake with m C 7 in the San Jacinto fault

zone

Dt (in years) PðDtjt0Þ
model?

observation

(%)

GðDtÞ
instr. catalog

m C 3

(%)

GðDtÞ
instr. catalog

m C 3, declustered

(%)

10 17.2 1.2 2.0

50 37.9 9.1 9.7

100 65.5 17.4 18.5

First column: future time horizon; second column: calculation with

Eq. (1) based on data and model; third column: calculation with

Eq. (2) based only on the instrumental catalog; fourth column: the

same with the declustered catalog (see text for more information)
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expected value underlying the distribution in Fig. 7a:

I99 = [4.9;5.3]. Consequently, the mean value of M5

earthquakes within 15 years for the entire catalog,

ncatalog = 4.1, is clearly smaller than the correspond-

ing mean value before the M7 events. The statistical

significance in terms of a one-sample Student’s t test is

[99 %.

The model results can also be used to study spatial

correlations of M7 earthquakes and the preceding M5

events. In Fig. 7b we show results for time slices of

10 years before an M7 earthquake. For each time

slice, we compute the average distance between the

hypocenter of M5 events and the upcoming M7

earthquake. The plot shows a progressive decrease of

the distance from about 56 km to about 46 km, with

decreasing time to the main event. In particular, the

hypocenters of the M5 events migrate on avergage

toward the hypocenter of the future M7 event. This

behavior is consistent with the emergence of an

intermittent spatially correlated stress field before the

occurrence of a large event (BEN-ZION et al. 2003;

ZÖLLER et al. 2005). These findings emphasize that the

recently observed m * 5 earthquakes in the SJFZ

might be part of the preparation process of an

upcoming large earthquake in the region around Anza.

4. Discussion

We analyze observed and simulated seismicity

data on the SJFZ, with a focus on properties and

hazards associated with large events. The record of

instrumental seismicity is too short, and paleoseismic

data are too sparse, to infer on occurrence of large

earthquakes rupturing most of the fault. Based on

large-scale geometrical properties of the SJFZ

(overall dimensions, major stepover regions) and

basic physics including frictional failure, dislocation

creep, and long-range elastic stress transfer (OKADA

1992; BEN-ZION 1996), we designed a numerical

model that duplicates the statistical properties of the

observed instrumental and paleoseismic data. A long

record of simulated seismicity produced by the model

allows us to make statistically-robust statements on

the behavior of large earthquakes. The results indi-

cate that there is little interaction between moderate

to large earthquakes on the section of the SJFZ

around the Hog Lake paleoseismic site and corre-

sponding events around the Mystic Lake site.

Nevertheless, occasional earthquakes rupture most of

the SJFZ and include the sections around both sites.

Combining all the information from the instrumental

catalog, paleoseismic data, and generated synthetic

seismicity, we find that a large earthquake (m C 7) is

expected with high probability within the next dec-

ades, e.g., with 38 % in 50 years and with 66 % in

100 years. This finding is supported by the recently

observed growing number of intermediate-size

(m * 5) earthquakes on the SJFZ, which is a robust

feature of the preparation process of large earth-

quakes in the simulated seismicity. The model results

suggest that the hypocenter of the large future event
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Properties of m C 5 earthquakes preceding an m C 7 event within a time window of 15 years. a Distribution of the events; the mean number is

nbefore M7 = 5.8. The dashed vertical lines denotes the mean number of all m C 5 earthquakes within 15 years in the catalog ncatalog = 4.1. b
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is likely to be close (e.g., within 50 km) to the hyp-

ocenters of the preceding M5 earthquakes. The

combined information provides evidence that a large

earthquake is in preparation on the SJFZ, probably in

the region around Anza.
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