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Multifractal Properties of Low-Frequency Microseismic Noise in
Japan. 1997-2008.

Alexey Lyubushin (Institute of the Physics of the Earth, B.Gruzinskaya, 10,

Moscow, 123995, Russia, [vubushin@ vandex.mi )

The results of investigating properties of multifractal singularity spectra of
low-frequency microseismic noise based on the analysis of broadband seismic
stations F-net data in Japan, 1997 — June, 2008, are presented. Singularity specira
were estimated by DFA-micthod for vertical components with |-sec sampling
(LHZ-records) within adjacent time intervals of 0.5 hour length, Two parameters
are analyzed: A — a width of singularity spectra argument interval and a -
an argument providing maximum to singularity spectra. For each of 0.5-h time
interval 2 median values (over all stations which have registration) of Ag and
o were calculated forming an averaged time series of (A & )-variations,
gathering information from all stations. The time series of Aer -variations has a
statistically significant change of its mean value which began 0.5 years before
Hokkaido earthquake M=8.3, 25.09.2003. Time series of ¢ —variations estimated
for seismic records after coming to | minute sampling has a 1-year periodicity
before Hokkaido eanhquake which disappears after this event. Using analogies
with singularity spectra behavior of return-time sequences produced by a system of
coupled chaotic oscillators these results are interpreted as a synchronization of
low-frequency microscismic noise after Hokkaido evémt in 2003 which is
continuing till now, A question arises whether Hokkaido 2003 earthquake could be

a foreshock of fiiture even more strong event in Japan?
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Fig. 1. Upper graphics: sequence of strong carthquakes, arrow indicates Hokl
earthquake. Mean values: bold lings — computed by Gaussian kernel
with radius 0.5 year, light grey lines — with smoothing radius 13 days, of meds
of ‘singularity spectra parameter Agr estimated for 1-sec seismic

singular spectra estimated within adjacent time imtervals of 30 minutes lcngih{‘

The earliest prediction (at the middle of 2008): the magnitude of

oncoming catastrophe will be more than 8.3.
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FIELD VERIFICATION AMD MATHEMATICAL
SIMULATION OF TRANSIENT SEISMIC PRO-
CESSES

¥ Smirnen®, A Poramarev?, P Bernard?, A Pato-
nirr'

'Physics Dept., Lomonasoy Moscow State Liniver-
sityand Schmick institute of Physics of the Earth,
RAS; *Schmidt Institute of Physics of the Earth,
Russian Acodermy of Scences, Moscow; Russia;
Institut de Fhysique du Globe de Paris, France;
“Geophysical Ghservatory “Barok”, IPE R4S, Bo-
rok, Yarosiovl region, Russia

The transient processes in seismicity are con-
sidered as a response to the gquite powerful
influences of different origin, which disturb
stationary state of seizmicity. Investigation of
the transient process allows to study regula-
rities of seismicity excitation and relaxation
and to reveal physical factors controlling the
dynamics of seismicity. 4 seriz: of laboratory
experiments for modeling of transient pro-
‘ceszes in seismicity was carried out. Labora-
tory results was verified by field experiment
in Soultz-sous-Forets (France) hot dry rock
area and analysis of natural seismic swarms
in Corinth rift. Physical interpretation and
mathematical simulation for found regulari-
ties was suggested. The aim of the sxperi-
ments was to understand the character of
excitation and relaxation of the failure, trig-
gerad by the external influence. The failure
initiated by step-wise strain or force impacts
results in transient acoustic emission similar
to aftershocks and swarms. When increasing
quickly, such impact generates processes
similar to aftershock sequences; when in-
oreasing gradually, it generates swarm-like
activity The parameters of the induced ac-
tivity change in a regular manner with in-
creasing acting stress level: the stronger the
stress, the later the activity starts to decay;
Gutenberg-Richter b-value decreases with
stress increasing; parameters of the Omo-
ri's law changes too. b-value varies in time
during excitation and relaxation of acoustj

when activity is increasing and A
when actihvity iz decreasing. Thy
a transition of failure at the infrease stage

fusion scenaric) and from high
levels at the decay stage (afters
rio). Similar regularities was found in naty
conditions: in the experiment of ssizmicity
generation by the water injection into a
borehole (Soultz-sous-Forets, France) and
in seizmic swarms in Corinth rifi. 4 hypo-
thesiz of excitation and depletion of some
«failure reservoir= is suggested for explana-
tion of obtained regularities. Mathematical
simulation has confirmed the validity of this
hypothesis. The work is supported by RFER
grant 08-05-00248 and project 08-05 of IPGP
- IPGM collaboration.

ES&/TH/OT0 - SYNCHRONIZATION PHENO-
MEMA OF LOW-FREQUEMNCY MICROSEISMS.

A yubushin'
‘Institute of Physics of the Eorth, Russion dco-
demy of Sciences

The wertical zeizmic records with sampling
rate 1 Hz obtained from global IRIS broad-
band seismic network (1988-2009, 131 sta-
tions) and Japan F-net (1%97-2010, 83 sta-
tions) were analyzed by estimating their
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multi-fractal parameters: the width of sin-
gularity spectra support, generalized Hurst's
exponent and coefficient of singularity spec-
tra asymmetry. Besides that lingar predicta-
bility index of waveforms, spectral exponent
and logarithm of variance were estimated as
well. These statistics were calculated within
adjacent =short= time windows of the length
30 minutes for initial 1 Hz data and for time
windows of the length 1 day for records after
coming to 1 minutes sampling.The seismic
stations were split into a number of spatial
clusters (7 clusters for global IRIS network
and 5 clusters for F-net). The median values
of all parameters wers taken from stations in
each cluster. A multiple correlation measu-
res for different combinations of parameters
were estimated within maving time window
of the length 1 and 2 years for these me-
dian time series with uniform sampling time
interval 1 day. Using of long time windows
for estimating multiple correlation measure
allows to average influence of storms and
hurricanes. The sequence of waves of micro-
seisms noise essential global synchronization
was extracted. The most strong synchroni-
zation effects correspond to time interval
2003-2007 and the 2nd one started at the
beginning of 2008 and is continuing will now.
The microseisms field at Japan islands trans-
fers to high level synchronization of its pa-
rameters starting from the middle of 2002,
one year before the Hokkaido earthguake,
15 of September, 2002, M=B.2. This high le-
vel of synchronization keeps rather constant
up to the current time. Based on the sta-
tement of the theory of catastrophes that
synchronization is one of the flag: of an ap-
proaching catastrophe, it may be suggested
that the Hokkaido event, notwithstanding
its power (M=8.3), could be only a foreshock
of a still stronger earthguake at the region
of Japan's islands. The cluster analysis of
7 median daily statistics from the whole
network indicgte oRg-lines gnd of
et =T exponent starting from 2007 which is
continuing till now. This trend peculiarity is
similar to the trend before 2002 event. The
peculiarities of correlation coefficient esti-
mate within 1 year time window betweaen
median values of singularity spectra support
width and generalized Hurst exponent indi-
cates that starting from July of 2010 Japan
islands come to the state of waiting strong
earthguake.

ES6/TH/O1{ - A STUDY OF TEMPORAL VA-
RIATIOMS M “B" VALUE AND MAGNITUDE OF
COMPLETENESS FOR THE HIMALAYAN RE-
GIOM.

B Des'
'indfian Institute of Technology Roorkee, india

The Himalayan arc region is ane of the mast
seismically active region of the world. An
earthguake catalog contaiming over 3812
earthquake events with 622 event: having
mare than 5.0 magnitude for the Himalayan
region for the period 1964-2007 is conside-
red. In this study, earthquake data are col-
lated for the period 1964-2007 from Inter-
national Seismological Center (15C), Hational
Earthguake Information Centre (HEIC) and
HRWLL This catalog is analyzed to determine
the variations in the seismic parameters and
magnitude of completeness in time. Seismic
parameters have been determined by two
different methods namely, Maximum Curva-

ESEZ0M L-10 Septeiber L0, Mentuellier, France

ture method (Wiemer and Wyss, 2000) and
Entire-Magnitude-Rangs method (Woessner
and Wiemer, 2005). A moving time window
of 10 years has been taken to fix the starting
wyear of sub-catalogs. It can be seen from the
values given in table below that ‘b’ and ‘a”
values of the Guienberg-Richter freguency
magnitude recurrence relation gradually in-
crease in values with time implying increase
in seizmicity with higher propartions of lower
magnitude events. The variation in the ma-
gnitude of completeness and its uncertainty
for the three catalog periods 1964-2007,
1574-2007 and 1984-2007, obtained from
the two methods have been compared and
are given in the table below. The comparizon
reveals that the value decreased from a hi-
gher value for 1964-2007 period to a lower
value incase of 1964-2007 period indicating
better detecttability of the seismic events
with fime in thiz region. The lowesst valus
of 4.1 for iz given by the method of Mai-
mum Curvature with a lower uncertainty va-
lue of 0.02. The improvement in the value
for the earthguake catalog of the Himalayan
region for the period 1984 to 2007 has im-
portant implications with regard to ‘b’ va-
lue determination and accurate estimation
of seismic hazard for the region. 1964
20071574-20071%84-2007Maximum  Curvatu-
reb=0.913 = .01, a=7.36Mc=4.32.01b=0.5%
+ 001, a=T.e6Mc=4.3:01b=1.12 £ .M,
#=0.14Mc=41+.02Entire  Range Magnitu-
deb=0.9% : .02, a=7.61Mc=4.42.15b=1.01
t  .09,a=7.7TMc=4.3:.05%=1.16 =z .1,
#=8.33Mc=4.31.06

ES&/TH/O12 - PROPERTIES OF SEISMICITY
IN A4 HON EXTENSIVE STATISTICAL PHYSICS
FRAMEWORK.

E Vallignatos'
‘Department of Earth Sciences, University College
London, Gower Street, London. WCTE 68T, LK,

problem in phys?

& It is natwral then to con-
sider that the phyN

s of many earthguakes

sive statistical physics offers a consistent
theoretical framework, based on a generali-
zation of entropy, to analyze the behavior of
natural systems with fractal or multi-fractal
distribution of their elements. Such natural
systems where long - range interactions or
intermittency are important, lead to power
law behavior. Wa note that this is consistent
with a classical thermodynamic approach to
natural systems that rapidly attain equili-
brium, leading to exponential-law behavior.
It is well known that the Gutenberg-Richter
(G-R) power law distribution has to be mo-
dified for large seismic moments because
of ensrgy conservation and geometrical
reasons. Several models have been proposed,
either in terms of a second power law with
& larger b value beyond a crossover magni-
tude, or bazed on a magnidute cut-of using
an exponential taper. In the pressnt work we
point gut that the non extensivity viewpoint
is applicable to seismic processes. In the
frame of a non-extensive approach which is
based on Teallis entropy we construck a ge-




The microseisms field at Japan islands trans-
fers to high level synchronization of its pa-
rameters starting from the middle of 2002,
one year before the Hokkaido earthquake,
25 of September, 2003, M=8.3. This high le-
of synchronization keeps rather constant
up tohe current time. Based on the sta-
tement)of the theory of catastrophes that
synchronization is one of the flags of an ap-
roaching catastrophe, it may be suggested
that the Hokkaido event, notwithstanding
its power (M=8.3), could be only a foreshock
of a still stronger earthquake at the region

The latest prediction: dangerous | of Japan’s islands. The cluster analysis of
time for waiting catastrophe 7/ median daily statistics from the whole

. . network indicates a strong linear trend of
begins at the middle of 2010 cluster exponent starting from 2007 which is

continuing till now. This trend peculiarity is
similar to the trend before 2003 event. The
peculiarities of correlation coefficient esti-
mate within 1 year time window between
median values of singularity spectra support
width and generalized Hurst exponent indi-
cates that starting from July of 2010 Japan
islands come to the state of waiting strong

earthquake.
(GO
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Positions of 78 seismic stations of broadband network F-net in Japan.
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Main sources of low-
frequency microseisms

Low-Frequency
Oceanic Waves > Microseismic Noise:

| N ‘ 2 min < _Periods <1000 min
Slow Earthquakes, Cre o0



Multi-fractal singularity spectrum

Measure of the random signal variability Multi-fractal singularity spectrum F(a)
at the time interval [t - 3/2,t + &/2] and its parameters: Ad - support width and
oU- generalized Hurst exponent.

F (Q) - fractal dimensionality of the set of
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10 ] |
|
|
0.8 - I
|
| |
0.6 - I I
|
: |
0.4 - |
|
|
| — —
0.2 : | B0U= gy = Oin :
|
|
| '
L O o a
__________ M 0.0 A4 \mln —Y I \ m‘axv \
< > 0.05 010 0.15 020 0.25 0.30 0.35
t s a

o 0



Minimum normalized entropy of squared orthogonal
wavelet coefficients distribution

Minimum normalized entropy :
N

En=- p Oog(p.)/log(N) - min
k=1
2 : 2
O<En<l, p.=¢/ ¢,
j=1
C, - orthogonal wavelet coefficients,

minimum Is taken by wavelets from Daubechies family.



Initial LHZ-records, At = 1 sec

Downsampling

Data transform

At =1 min

Seismic Noise, At =1 min
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Detrending

Log(Variance)
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Graphics of seismic noise of the length 1 day with sampling time step 1 minute after removing tidal trends
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. high variability of stochastic behavior
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Low normalized entropy En because of mutual movements of
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Maps of singularity spectra support width of low-frequency seismic noise waveforms for 4 adjacent time of the length 0.5 years
during 2011 - 2013. Seasonal periodicity of seismic danger is obvious: autumn-winter period is more dangerous than spring-summer.
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Maps of multi-fractal singularity spectra support width Ad.
Low Aa values ( blue and violet regions ) indicate synchro nization and danger.
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The region of Nankai Though near Tokyo is the place of the
next Japan mega-earthquake which could occur at 2013-2014.
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Maps of minimum normalized entropy of low-frequency
2011 - 2013. Seasonal periodicity of seismic danger
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