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In present paper authors examined the effect of colored noise on the onset of seismic fault motion. For
this purpose, they analyze the dynamics of spring-block model, with 10 all-to all coupled blocks. This
spring-block model is considered as a collection of fault patches (with the increased rock friction), which
are separated by the material bridges (more petrified parts of the fault). In the first phase of research, au-
thors confirm the presence of autocorrelation in the background of seismic noise, using the measurement
of real fault movement, and the recorded ground shaking before and after an earthquake. In the second
stage of the research, authors firstly develop a mean-field model, which accurately enough describes the
dynamics of a starting block model, with the introduced delayed interaction among the blocks, while col-
ored noise is assumed to be generated by Ornstein-Uhlenbeck process. The results of the analysis indicate
the existence of three different dynamical regimes, which correspond to three regimes of fault motion:
steady stationary state, aseismic creep and seismic fault motion. The effect of colored noise lies in the
possibility of generating the seismic fault motion even for small values of correlation time. Moreover, it is
shown that the tight connection between the blocks, i.e. fault patches prevent the occurrence of seismic
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1. Introduction

Significance of seismic noise study in seismological research
lies in the possibility of reliable subsurface tomography using the
records on ambient seismic noise [1]. In particular, numerous field
studies confirmed that ratio of horizontal to vertical component of
ambient noise gives solid data on the subsurface geology in areas
with low seismicity or even in aseismic areas [2]. However, none
of the previous studies dealt with the effect of noise on the fault
movement. Reason for this lies in inaccessibility of the fault zone
to direct measurements, both of ambient noise and the fault move-
ment. These measurements are only possible in deep boreholes,
near the active fault zones, like in the case of fault movement di-
rectly measured at the Driny cave, MaleKarpaty mts in Slovakia [3],
or in the 3 km deep borehole that cuts through the San Andreas
fault system within the SAFOD research project [4]. Also, the ef-
fect of noise on generation of seismic fault movement is impossi-
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ble to prove by the in situ measurements. For these reasons, fault
motion is usually examined by modeling in laboratory conditions,
whereby simulations are commonly conducted in two ways: either
by observing the behavior of an array of blocks (starting from the
Burridge-Knopoff model), or by analysis of the motion between the
two plates, whose contact is simulated by an assemblage of real
or artificial grains. In these conditions, it is possible to simulate
movement along the fault, including all the accompanying effects.
Nevertheless, as far as authors are aware, effect of noise on fault
motion has not been examined in laboratory conditions so far.
However, mathematical expressions which are used to describe
the dynamics of such systems allow one to examine different ef-
fects, at least from a theoretical viewpoint. Regarding the effect
of noise, in our previous work [5] we examined the dynamics of
an array of 100 blocks under the effect of random seismic noise.
In that case, assumption of random nature of seismic noise came
from the two sources. Firstly, we examined the real observed GPS
measurements of fault movement at the ground surface at several
stations within the San Andreas fault zone, for which we estab-
lished to have the properties of stochastic time series. Secondly,
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we wanted to examine the effect of permanent background seis-
mic noise, so it was natural to assume its random nature. How-
ever, what if the noise along the fault zone or in its immediate
vicinity is correlated? Justification for this lies in existence of many
potential sources of colored (correlated) noise: reservoir charg-
ing/discharging, penetration of sound waves emitted by neigh-
boring fault motion, close earthquakes or explosion, ocean waves
and tides, etc. Another source of colored noise could come from
the pre-processing of the acquired measurements. In particular,
recorded time series could be represented as a combination of a
deterministic signal, i.e. convenient combination of sine and co-
sine wave, with the remaining stochastic residuals, which always
have certain level of autocorrelation. All these factors could gener-
ate correlated oscillations of small amplitude with respect to the
scale of fault motion.

In our previous work on the effect of random noise on the fault
motion, we showed that when fault is in inter-seismic stage, near
the boundary to the co-seismic regime, even random noise with
very small amplitude could generate the transition to co-seismic
fault motion. Regarding the possible multiple sources of colored
seismic noise, in present paper we want to examine whether cor-
related noise could be also responsible for earthquake nucleation.
For this purpose, we invoke the method of mean-field approxima-
tion, which enables us the reduction of large stochastic system to
the simple deterministic system which could be further analyzed
by applying standard local bifurcation analysis.

Presented research is performed with two main goals. Firstly,
we want to show that in situ recorded fault motion is stochas-
tic per se, and that the stochastic part of displacement time se-
ries could be treated as colored noise. Secondly, we wish to esti-
mate the impact of colored noise on the generation of instability,
i.e. on the occurrence of seismic fault motion. For the former, we
invoke the joint deterministic-stochastic approach based on tra-
ditional Box-Jenkins method, while for the latter we perform the
local bifurcation analysis of the mean-field approximated starting
system of 10 blocks in a spring-block array along a single direc-
tion.

2. Colored noise in situ

In order to justify the introduction of the colored seismic noise
in fault motion model, one needs to confirm the existence of col-
ored noise in rela conidtions within the Earth’s crust. In present
case, we analyze the following datasets based on the real measure-
ments:

(1) Strike-slip fault movement directly measured at the
two points in Driny cave, Male’Karpaty mts in Slovakia
[3] (Fig. 1a),

(2) Ambiental noise measurements before and after the earth-
quake on 8th September 2015 at the BKS station (Byerly
Seismogrpahic Vault, Berkley) (Fig. 1b).

In case (1) we show that once the estimation model of the fault
movement is established, estimation error is autocorrelated, indi-
cating the possibility of the existence of the colored noise. In case
(2) we show that ambiental noise before and after the quake is
autocorrelated.

Analysis of the measurement results shown in Fig. 1a indicates
that the real observed time series could be well described by the
following models in a general form of Fourier series sums of sine
and cosine functions:

y=0ag+ay-cos(w-t)+by-sin(w-t)+ay cos2-w-t)
+by-sin-w-t)+... (1)

where g; and b; denote Fourier coefficients, and w is the average
oscillation freugency. Coefficients and frequencies of the resulting
models for estimation of displacements at the locations Driny 1
and Driny 3 are given in Table 1.

Using these equations, one could describe the observed hori-
zontal strike-slip motion accurately enough (Fig. 2).

For the present case, properties of the estimation error are of
special importance, since the presence of autocorrelation in resid-
uals could indicate the existence of the colored noise in the back-
ground of the seismic movement. Indeed, the results of Durbin-
Watson statistics indicate the presence of autoccorelation in the
recorded noise (<Dy), according to reccommendations of Savin and
White [7] (Table 2).

As for the recorded noise before and after the earthquake
on 8th September 2015 at the BKS station (Byerly Seismogrpahic
Vault, Berkley), one can simply calculate the autocorrelation func-
tion, which, in present case, for both time series (before and after
the earthquake) indicates the presence of autocorrelation (Fig. 3).
It is clear that there is a significant autocorrelation for the first 8
and 7 lags, for time series before and after the earthquake, respec-
tively, while t-statistics is higher than 2 for the first two lags in
both cases.

Concerning the results of the aforementioned analysis, one
could reasonably assume that noise in the background of fault
movement could be considered as a colored noise.

3. Bifurcation analysis

A new model for seismic fault motion is suggested in a form
of a single array spring-block model, described by a determinis-
tic mathematical model with the included effect of colored noise.
Analysis of such model is conducted using the standard local bifur-
cation analysis, which is applied for the analysis ofthe determinis-
tic mean-field system instead of the starting stochastic model. It is
shown that both models display qualitative similar dynamics.

Earthquake fault motion is examined by analysis of dimension-
less all-to-all coupled spring-slider model with 10 units, whose dy-
namics is described by the following set of stochastic delay differ-
ential equations (SDDEs):

xi(t) = yi(t)
y@) = =x(t) + Py +v) - P(v)

+ g(xj(t — 1) = x;(t)) + Z(t)

dzi(t) = 7%dt+,/2?dei )

where x; and y; represent displacement and velocity of the i
th block, respectively, K is constant of spring connecting the
blocks, ® stands for the friction force, T is time delay and v is
nondimensional pulling background velocity. Z;(t) is an Ornstein-
Uhlenbeck process, and terms /(2D/¢)dWi represent stochas-
tic increments of independent Wiener process, i.e. dW; satisfy:
E(dWi)=0, E(dW;dW;)=34;dt, where E() denotes the expectation over
many realizations of the stochastic process. The noise correlation
time ¢ and the intensity of noise D are parameters that can be var-
ied independently. Colored noise generated by Ornstein-Uhlenbeck
process with this parametrization is referred to as power-limited
colored noise, since the total power of the noise (the integral over
the spectral density of the process) is conserved upon varying the
noise correlation time.

Friction force & is assumed to be only rate-dependent:® (V) =
—(o +aln(V)) where V is the general notion for the friction ar-
guments in (2).
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Fig. 1. (a) Horizontal strike-slip displacements along the faults at Driny Cave [3], (b) Permanent noise measurements before and after the earthquake at the Byerly Seismo-

grpahic Vault, Berkley [6].

Table 1

Fourier coefficients for deterministic models of fault movement of general form (1) based on the real observations atlocations Driny 1 and Driny 3.

Driny 1 (@ = 0.108) Driny 3 (@ = 0.0205)
ap 0.139 ap 0.012 ag —0.002 ary 0.002 azs —0.004
a 0.116 a 0.002 bg —0.005 by7 —0.002 bas 0.0005
by —0.063 by 0.038 aio 0.002 ag —0.005 az 0.0003
a, 0.031 a, 0.007 bio 0.006 bis -0.013 bas —0.0003
b, 0.033 b, 0.0280 an 0.002 aro 0.007 ay; 0.0002
az -0.007 as -0.001 b —0.009 b1g -0.013 by -0.006
bs 0.048 bs —0.0005 an 0.005 az —0.001 azs —0.009
a4 —0.005 a4 0.003 b1s 0.011 bao —0.001 bas 0.008
by 0.016 by 0.016 as 0.003 ay 0.009 az 0.003
as -0.015 as —0.007 bis 0.009 b —0.0007 bao —0.0005
bs —0.009 bs 0.017 T 0.005 az 0.002 asg 0.002
as 0.001 as —0.006 b1s 0.009 b2, 0.013 b3o —0.0006
bs -0.004 bs 0.004 ass -0.011 a3 —0.004 as 0.0089
ay 0.008 az —0.009 bis 0.017 bas 0.006 bs; 0.002
b, -0.006 b, 0.019 ars ~0.014 e —0.004 asy 0.002
dg -0.011 dg —0.006 b]e‘, —-0.011 b24 0.005 b32 0.004
bs 0.008 bs —0.011
Table 2 In present paper, authors consider this spring-block model as

Results of Durbin-Watson test for testing the presence of autocorre-
lation in residuals of the models in general form (1) and with the
coeeficients given in Table 1.

Recording location Durbin-Watson statistic D, Dy

Driny 1 0.485 1.696  1.727
Driny 3 0.527 1.807 1.820

a collection of fault patches mutually separated by the petrified
zones (material bridges). This is the modified original model from
(8]

Starting from the model (2), one could obtain the following
mean-field model, which has qualitatively the same dynamics as
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Fig. 2. Comparison of estimated motion and real observed fault movement. Black line stands for the recorded time series, while gray line indicates the result of estimation

determinstic model.
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Fig. 3. Autocorrelation function for the time series before (a) and after (b) the earthquake on 8th September 2015 at the BKS station (Byerly Seismogrpahic Vault, Berkley),

with the clear indication of the presence ofg autocorrelation.

the starting model (2):

My = my

My = —my —aln (my +v) + aln(v) + %msy
3 Sy K (Mt = T) —my) +m

fm, =—1m;

%S.X:ny

a 3sy] — (K+ 1)Uy + Uy

le __ae _ _a _
25y = Syl: my+v (my+v)

Uy = ny[_ﬁ - (myﬁsy] — (K +1)8¢+ Sy + Uy

sz = Uyz - %sz

Uy, = —Uy; — ﬁuﬂ - 7(myiv)3 syUy, — KUy, + D — %Uyz
Detailed derivation of model (3) is given in Appendix.

Results of the numerical analysis of mean-field model (3) indi-
cate the existence of three different dynamical regimes (Fig. 4-6):

- Equilibrium state, which manifests as steady stationary move-
ment (corresponding to the steady regime of fault motion);

- Small-amplitude regular periodic oscillations (corresponding to
the creep regime of fault motion);

- High-amplitude irregular oscillations (corresponding to the
seismogenic fault motion).

From Fig. 4 one could identify the effect of correlation time
¢ on the dynamics of mean-filed model (2). In particular, with
the increase of correlation time, second bifurcation curve vanishes,
i.e. there are no high-amplitude oscillations. From the seismolog-

ical point of view, this could indicate that degree of autocorre-
lation of background seismic noise could directly determine the
type of transition from equilibrium state, i.e. creep regime of fault
dynamics to low-amplitude oscillations (which could still not in-
duce the seismogenic motion) or to high-amplitude irregular oscil-
lations, whose amplitude progressively increases, which could be
considered as the onset of the fault motion which produces the
seismic waves responsible for surface soil shaking.

Regarding the effect of coupling strength K, it is clear from
Fig. 5 that the increase of coupling strength further increases the
impact of both time delay 7 and friction a, and excludes the possi-
bility of the occurrence of seismogenic fault motion. In particular,
for higher values of K transition from equilibrium state to small
amplitude oscillations, i.e. creep regime is possible even for higher
values of friction a. From the seismological viewpoint, this means
that the stronger interrelations between different patches of fault
also induce the stronger role of friction. In the same time, it ap-
pears that for higher values of coupling strength, there is no possi-
bility that seismogenic motion occur, since the second bifurcation
curve (denoting the transition from creep regime to irregular seis-
mogenic motion) vanishes.

However, this statement is valid only for the lower values of
time delay. Indeed, one could see from Fig. 6 that high-amplitude
irregular oscillations occur for higher values of time delay, i.e.
T > 5. From the practical viewpoint, this means that the higher
delay in interaction between the neighboring patches of fault - the
more likely is to expect the onset of seismogenic fault motion. In
other words, it seems that without the delay in nteraction, or with
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Fig. 4. Andronov-Hopf bifurcation diagram, displaying interaction of friction a and time delay t, for different values of correlation time ¢. While friction and delay are being
varied, other parameters are being held constant for the mean-field model (3) in equilibrium state: g = 0.1, K= 1, D = 0.001, v = 1.2. (a) € = 0.005, (b) € = 0.5, (c) & = 5.0.
EQ denotes the equilibrium state (steady stationary displacement), LC-SA stands for the periodic oscillations of small amplitude, while LC-HA denotes the high-amplitude

irregular oscillations.
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Fig. 5. Effect of coupling strength K on the dynamics of the mean-field model (3).
While friction and delay are being varied, other parameters are being held constant
for the mean-field model (2) in equilibrium state: gy = 0.1, D = 0.001, v = 1.2,
¢ = 0.5, K = 5. EQ denotes the equilibrium state (steady stationary displacement),
while LC-SA stands for the periodic oscillations of small amplitude.

3.5 5

the small values of delay, the whole faults acts as a unique block,
i.e. the fault patches are locked, preventing the irregular seismo-
genic motion to occur.

4. Discussion and conclusion

In present paper, authors examine the impact of the back-
ground colored seismic noise on the dynamics o fan active fault.
Firstly, authors prove, by analyzing the measurement of the real
fault displacement, that background seismic noise could be treated
as the colored noise. This is done for the real two examples:
(1) strike-slip fault movement directly measured at the two points
in Driny cave, MaleKarpaty mts in Slovakia [3]; (2) ambiental noise
measurements before and after the earthquake on 8th September
2015 at the BKS station (Byerly Seismogrpahic Vault, Berkley). In
the second phase of the research, authors investigated the fault
dynamics by analyzing the mean-field model of all-to-all coupled
blocks, with delayed interaction and with the assumed additive
colored noise. The results obtained indicate the existence of three
different dynamical regimes, all of which could have its correspon-
dence with the real observed regimes of fault motion: (1) steady
stationary state; (2) creep regime and (3) active seismogenic mo-
tion. Furthermore, the results indicate interesting effect of correla-
tion time ¢ and coupling strength K on the onset of seismic fault
motion. Higher values of ccorrelation time exclude the possibil-
ity of seismic fault motion, indciating the affect of strong impact
of background seismic noise. Similarly, higher values of coupling
strength also make seismic fault motion impossible to occur. In this
case, when coupling strength is high, fault patches are interlocked
and there is no possibility that irregular motion occur.
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Fig. 6. Andronov-Hopf bifurcation diagram, displaying interaction of coupling strength K and time delay t. While coupling strength and delay are being varied, other
parameters are being held constant for the mean-field model (3) in equilibrium state: o = 0.1, D = 0.001, v = 1.2, a = 0.8, ¢ = 0,5. EQ denotes the equilibrium state (steady
stationary displacement), LC-SA stands for the periodic oscillations of small amplitude, while LC-HA denotes the high-amplitude irregular oscillations.

If one compares the effect of colored seismic noise, analyzed in this paper, and white seismic noise, analyzed in our previous paper
[5], the difference lies in the following. For white background seismic noise, seismic fault motions could be expected to occur only in a bi-
stable dynamical regime in the vicinity of a bifurcation curve provided that initial conditions along the fault are far from the equilibrium
state (the case of active fault). On the other hand, introduction of colored noise brings more rich dynamical behavior, where colored noise
with rather small correlation time (Fig. 4a) indicates the onset of seismic fault motion, with the increase of time delay.

Further research on this topic could evaluate the effect of colored noise in case when the interaction of neighboring blocks weakens
with the mutual distance of the blocks, which is certainly closer to the real observed scenario.
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Appendix

By deriving the Taylor expansion of ®(yj(t)+v) in the vicinity of the mean values (x; Y, 2) = (mMy, my, m;) =

N N N
(Nlin;%igx,-(t),[\llingo%gy,-(t),[\lllﬂo%i;zi(t)), system (1) becomes:

X (t) = yi(t) . )
y) = —xi(t) + P(my +v) — P(v) + ﬁ[q)/(my + V)][J/i(t) —my]+ i[q)”(my + V)]D’i(f) —my?

+ %[CD”’(my + ) |yi) —my P + %[cb(‘l) (my + ) |yi(6) — my]* + K[my(t — T) — %(6)] + Zi(0) (1A)

dZ:(t) = —Zi;t)dt—i-,/i—?dv\/i

In order to derive mean-field approximate dynamical equations for starting system (1), we shall first suppose that: (a) dynamics is such
that the distribution of x; and y; are Gaussian and (b) for large N the average over local random variables is given by the expectation with
respect to the corresponding distribution, as in [9].

The cumulant analysis of a system (2) of above mentioned globally (all-to-all) coupled units shall be performed in the thermodynamic
limit of an infinitely large ensemble, N— occ.

We introduce deviations from the mean-field: (x(t)) = 1\}1_{1010% YN X, () = )\}Lngo% SN yit), (z(t)) = I\}l_r)rolo% >N z(t), for each
element n(t) = (x(t)) — x;(t), ny () = Y(©)) = y; (), nz(t) = {z(t)) — z (D).

We assume that these fluctuations are Gaussian and statistically independent in different elements.

There is a set of moments known as cumulants [10,11] or Thiele semi-invariants which have an important property that all of them,
for the third order, vanish in the Gaussian case.

Next, we introduce the following notation for the first and the second order cummulants:

- The means: my(t) = (x(t)), mx(t — 7) = (x(t — 7)), my(t) = (y(t)), m(t) = (z(t)),
- The mean square deviations: sx(t) = (n(t)), sy(t) = (n3(t)), sz(t) = (n2(t)),
- The cross-cummulants: Uy (t) = (nxn)y, Uy (t) = (nxnz), Uy (£) = (nynz)
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By applying Ito’s formula (or Ito’s chain rule):

dX = Fdt + GdW
Y(t)=U(®x,t)
dy = Ude + 90dx + 15U G2de
from Eq. (1A), following the procedure described in [9,12] one obtains:
iy = my (2A)
. 1 a 3 a 2
my = —my—aln(my+v)+aln(v) + = 5Sy + — 7Sy” + K(my(t — ) —my) +m; (3A)
2 (my +v) 4 (my+v)
. 1
m; = —EmZ (4A)
Sy = (n2) = <((x) - x,-)2> = <m§ — 2myx; + X2 > = 1} + (¥7) = =1t} + (X2) = —2myrity + (2x:%;)
1.

= —2mymy + (2x;y;) = 2Uyy = ES" = Uy (5A)
< ) _ - 2 _ 2 - 2 _ ) -9 _ . B _
Sy = (ny> = <(<y) —y,) > = <my - zmyyi +yl> = —my + 0/1- > = —2mymy + (2y,y,> =

_ 2my[—mx +®(my+v) - D) + %[Cb”(my + v)]sy + 21f4[q3(4)(my + v)] -3s?
+K[my(t = T) = my] + M| + 2(=Xy; + Y (my + 1) = y; @ (V) + [P (my +v)] -
- myi] + %[Cb”(my +)] - [yi(y? - 2yimy +m2)] + %[d)”’(my +v)]-
(i = 3yPmy + 3yimy —m3) ] + ;j[®(4’(my +1)]-

i = 4yimy + 6y7mJ — 4ym + mi)] + K[y — my(t — T) — yixi] + yizi)

= —2Uq +2[®'(my + )]sy + %[Cb”/(my +1)]3s2 — 2KUy, + 2Uy,

1, 1
= 58 =5 @My 4 ) + 5 (my )5y | = K-+ 1)Uy + Uy

2

. (—lmz> + <22,~ (—Zi + 2?dWi)> + 2
e e e e

2 2D

. . . 2D . . 2D
S, = —m? + (Z) + = —2m,m; + (2zi%;) + =z

I
!
N

3

1. 1 D

= —S,=——S5,+ — 6A
27 g g2 (6A)
Last equation can be solved in order to obtain s; = (sz, — g)e*%t + % where s,q is an integration constant. It is obvious when t— oo,

s;—DJ/e, and because of that we fix the value for s, to be exactly D/e.

Uy = <”X”y> = ((mx —x;) - (my —yi)) = <mxmy — MyY; — XMy +XiJ/i> = —TMyimy + <W)
= —Mydily — Myl + (Xiyi) + (XiYi)
1
= —my - [—mx +o(my+v) - D)+ ECD”(my +V)-Sy+
1
+ﬂd>(4)(my + 1) 355 + K- [my(t — 1) —my] + mz] —mymy + (y?)
K
+{ =X +xPy; +v) —xD(V) + NZ (x;(t — D)% = x7) + xiz;
=1
=m2 —my®(my 4+ v) + my®(v) — mX%CD”(my +V)sy —

1
—mxﬂCD(“) (My +v) - 357 — Kmymy(t — T) + Kmj — mym, — m} + s, +m; — s
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1
—mg + <mx -y + V) + +P(my + V) - (Xiyi — ximy) + 5P (my +v) - (xiyf — 2xiyamy + ximy)
1 1
+ gtb’”(my +v) (xy} = 3xyimy + 3xyim; — ximy) + ﬂcb(“) (my +v) (xiy} — dxiy?my + 6xiy7mg — 4xym; + xmiy) — my®(v)
+Kmymy(t — T) — Ksy — Km2 4+ Uy, + mxmz>

1o
=58y — Sy + &' (my + V)Uy + E(DN (my + v)3s,Uyy

. 1
—Ksx +Uxe = Uxy = Uyy [d)/(my +V)+ qu”(my + V)Sy] — (K+1)sx + 5y + Uyz (7A)

sz = <nxnz> = <(mx —Xx;)(m; — zi)> = <mxmz — MyZ; — MyX; + xizi> =

- (mxmz> * <H> = —1iym; — Mz + (Xiz;) + (XiZi) = —mym; —
1 Z; 2D
—mx(—gmz) + (vizi) + <Xi<—8'> +Xiy/ Sdei>
. 1
= Uy, = Uy, - gsz (8A)

Uy, = <m> = <(myy1)(mzzl)> = <mymz = myz,-'f MLy +yiz,-> =
- <me> + (ﬁ) = —tiym; — mytit; + (§21) + (i) =
—mz[—mx + ®(my+v) — D) + %Cb”(my +V) sy + %qm (my +v)3s;
+Kmy(t — T) — Kmy + m;] —m, (—émz> + < —Xxizi +z;®(my +v) -z (v)
+@' (my +v) (yizi — myz) + %(b”(my +v)(zy? = 2ziyimy + zim3)
+ %dﬂ”(my +v)(zy] = 3zyimy + 3zyim; — zimy) +

1
+ 37 @@ my +v) - (2yf - dzyimy + 6zym] — dzym] +zim) + Kzmy(t - ) -
2 1 2D / 1 "
—Kzix; + z; ) + y,-(—gz,) +Yi = dW; ) = Uy + @' (my + v)Uy, + 6@ (my +v) - 3s,Uy,

1
—KUyg +5; = _Uy (9A)

Egs. (2A)-(9A) together compose the mean-field system of equations for earthquake nucleation model with colored noise:

my =my
1 a 3
My = —my —aln (my +v) +aln(v) + 5 Sy+ = sy2 + K(my(t —T) —my) +m
y lx ( Yy ) ( ) z(my+v)2y 4(my+v)4y ( x( ) x) z
mzzfgmz
1.
jsx:ny
1 a a
=Sy =5y| — - Sy | — (K+ DUy + U,
5% y|: My (my ) yi| ( Wiy + Uy (10A)
Uy =Ug|——2— — — % | K+1)sx+5,+U
xy = Uxy my+v (my+v)3y X y Xz

. 1
sz = Uyz - gsz

a a

Uy, = —Uy — -
v XZ my +v v (my+v

1
: $yUyz ~ KUg +D = Uy,

which is the Eq. (3) in the main text.
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