Does Japan approach great earthquake (the question since middle of 2008)?
Yes, thisprediction wastrue (after 11 of March 2011).
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The question in the title arises as the resultrot@ssing microseisms data from 83 broadband seismi
stations of the network F-net
http://www.fnet.bosai.go.jp(Fig.1)

by different methods. The vertical
seismic records with sampling rate
1 Hz were analyzed by estimating
their multifractal singularity spectra
parameters (the width of singularity
spectra  support Aa and

generalized Hurst's exponent
i.e. argument providing maximum
to singularity spectra) within
adjacent "short" time windows of
the length 30 minutes and 1 day.
Within papers [1-3] it was shown
that the averaged (smoothed in 1
X year time window) value of the
%0 4 KK parameter Aa (calculated as
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median over all stations of the
2 AMM network) significantly decreased
osw before the Hokkaido earthquake of
September 25, 2003 (M=8.3), and
was not restored subsequently to its
2 L O 1K ‘ | | | | | previous level (Fig.2).
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Fig.1. Positions of 83 F-net seismic stations and hypocenter of earthquake 25.09.2003, M=8.3 (star)

degree of diversity of the random

0.34 behavior of the signal, and
therefore, its decrease is an indirect
indicator of the suppression

0.337 (decrease) of certain degrees of

~ freedom of the medium.

032 In the paper [4] the vertical
components measured initially with

0.31 \ a sampling rate of one second and
subsequently converted into the
signals sampled at 1 minute

0.30 intervals by means of averaging
and decimation are used in the

00 analysis. Six statistics are taken as
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the parameters: the support width

Aa of the multi-fractal singularity
Fig.2. Median value of multi-fractal singularity spectra parameter Ad. spectrum' the generalized Hurst
Thin black line - Gaussian kernel smoothing with radius 13 days. ’

Bold blue line - Gaussian kernel smoothing with radius 0.5 year.

Vertical red lines indicate earthquakes: 25.09.2003, M=8.3 & 11.03.2011, M=9.0
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exponenta’ ; the asymmetry coefficieny of the spectrum of singularity; the logarithmicriaace
lg(Var) ; the spectral exponenfs; and the linear predictability indey . These parameters are
calculated from the realizations contained withengecutive daily time intervals. When using the
moving time window with a width of 1 year for evating the multiple correlatiorx, the daily
variations in the median values of the statisticthe noise measured at 5 spatial clusters ofostsiti
exhibit a stable increase in the synchronizationloray before the Hokkaido earthquake, subsequently
passing to the new level of high synchronizatiog.3).

KB for spectral exponent KLg(Var) — for logarithm of variance Kp — for linear predictability index
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Right-hand end of moving time windows of the length 0.25 (grey lines) and 1 year (bold blue lines)

Fig.3. Multiple correlation measures K (product of abs. canonical correlations) estimated within moving time window of the length 91 days
(0.25 year - grey lines) and 365 days (1 year - bold blue lines) for increments of variations of medians of daily estimates of different statistical
parameters of seismic records within adjacent 1 day time intervals for 1-minute data for 5 spatial clusters of stations.

Vertical red lines indicate earthquakes: M = 8.3, 25.09.2003 and M = 9.0, 11.03.2011

The analysis of the trends in the index of lineeeditability gives a possibility to estimate the
beginning of the enhancement in the synchronizatith rather high accuracy as the middle of 2002.
The effect revealed for the variations in the ddfg parameters of microseisms is an independent
argument for the conclusion about the synchroromatn the field of the microseismic noise on the
Japan Islands. Based on the well-known statemethieatheory of catastrophes that synchronization is
one of the flags of an approaching catastrophanal be suggested that the Hokkaido event,
notwithstanding its power (M = 8.3), was the onlfpeeshock of a still stronger earthquake forming i
the region of Japan’s islands which occurred afllarch 2011, M = 9.0.

Another statistics which is estimated using différepproach allows make a statement about
anomalous behavior of microseisms field in Japartiag from the middle of 2008 as well. It is based
on cluster analysis of the first 4 principal comeonof the 7D cloud of vectof composed of

following scalar componentsAa, a', y, B, lg(Var), p and S — waveform smoothing index,

which is defined as median value of the numberamfishing moments for optimal orthogonal wavelet
found from minimum of entropy of distribution of wayred wavelet coefficients [5]. All these
components are estimated for microseisms wavefaftes coming to 1 minute sampling time interval



within adjacent time windows of the length 1 dagrdmeterss, Ig(vVar) and S were calculated
after removing trend by polynomial of'®rder within each “short” daily time window.

) Thus, from each day we have one 7D vector Let us
0o(q) Uq + consider a “long” moving time window of the lenghyears
I (730 days) taken with mutual shift 7 days and penfa
cluster analysis of these subsequent 7D sub-cl@fids30
vectors¢ . The cluster analysis is done for the first 4 gipal

components by K-means approach for probe number of
clusters g varying from maximum value 40 down to
minimum value 1 (which means trivial case of nostduing

of the current sub-cloud). The usual preliminarermions
before performing cluster analysis within each §o2-years
time window were done: winsorizing (iterative suggsing
outliers) and normalizing each scalar componenhefvector

¢ to have a zero mean value and unit standard dmvidtet

— & be a 4D vector of the first 4 principal componeotshe
1 10 7D vector ¢ within each 2-years window (the first 4 principal
Fig.4. The dependence of clusters compactness  components  carry 91-95% of generdl -variance  after

functional on the number q of probe cluster. j o e . )
winsorizing and normalizing for different 2-yearsndows).
For each probe number of clustagsthe K-means approach minimizes the compactnessidmal

q -
ae(q) =Y. > & -7, [ with respect to positiong, of centers of clusters,, k=1,...q.
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Fig.5. Optimum number of clusters " and cluster exponent [ within dependence Ox(q) U qH.
Upper estimate of catastrophe time moment could be done at the end of 2010.

The value ofg?(q) monotonously increases with decreasing of clustarsberq. At the same time
the graphics ofog(c? (q)) in dependence olog(q) is very close to linear, i.ez>(q) ~ g™ with some



scaling exponenjz >0 which could be called a “cluster exponent” (Figdd straight line presents
linear best fit).

Let us estimate variations of cluster expongnin dependence on position of right-hand end of the
“long” 2-years moving time window — Fig.5.

Except the high level of multiple coherence measwaethe Fig.3 there is an intrigue behavior of
cluster exponent for the whole F-net system atRige5. It could be noticed that for a few nearest
years a strong positive linear trend is observetthvis similar to those before the earthquake 25 of
Sept 2003 but this trend is more persistent. Maeqgust before the seismic catastrophe at 11 of
march, 2011 the behavior of cluster exponent waslai to the behavior before 25 of Sept 2003.
Comparing 2 parts of linear trends af before Hokkaido event 25.09.2003 and the lineandrof

for time interval [2008.3, 2010.5] provided a pbdgy at the end of 2010 to give 2011.6 as thearpp
estimate of time moment of future earthquake (3g@&F
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Fig.6. Squared robust correlation between Ad and o

The peculiarities of correlation coefficient estimavithin 1 year time window between median values

of singularity spectra support widiha and generalized Hurst exponemt gave a possibility at the
April of 2010 indicate middle of 2010 as the lovestimate of future earthquake (see Fig.6).
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Cluster exponent U before and after 11.03.2011 (up to 31.12.2011)
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Maps of low-frequency seismic noise waveforms smoot
vanishing moments for the “best” orthogonal wavele

time window from the minimum of entropy.
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From the beginning of 1997
up to 25 of September 2003:
the area of future seismic
catastrophe is characterized
by relatively high values of
smoothness index and it is
not split into North and South
parts.

5.6
5.5
5.4
5.3
5.2
5.1
5.0
4.9
4.8
4.7
4.6
4.5
4.4

01.01.2004 - 10.03.2011
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From the beginning of 2004 up
to 10 of March 2011: the area of
future seismic catastrophe is
characterized by relatively high
values of smoothness index and
the previous area of high
smoothness index values is split
into North and South parts

hness index, i.e. median value of the number of
t which is found for each station within each daily

11.03.2011 - 31.12.2011
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From 11 of March 2011 up to 31 of
December 2011: the North part of
the relatively high values of
smoothness index before
25.09.2003 was realized as the area
of Great Japan Earthquake 11 of
March 2011, M=9.0, whereas the
South part is still characterized by
high smoothness index.
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Maps of low-frequency seismic noise wavelet-based n ___ormalized entropy , i.e. normalized entropy of the

noise waveforms squared wavelet coefficients for th e “best” orthogonal wavelet which is found for each

station within each daily time window from the mini mum of entropy.
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Maps of low-frequency seismic noise waveforms linea
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The next pages contain some scans and copies of pages from articles and abstracts
confirming the real forehead (not retrospective!) prediction of Great Japan Earthquake,
M =9.0, 11 of March, 2011.
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C41-04

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, lyubushin(@vandex.ru )

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 spectra
were estimated by DFA-method for vertical components with l-sec sampling
(LHZ-records) within adjacent time intervals of 0.5 hour length. Two parameters
are analyzed: Aa - a width of singularity spectra argument interval and gl —
an argument providing maximum to singularity spectra. For each of 0.5-h time
interval a median values (over all stations which have registration) of A« and
@' were calculated forming an averaged time series of (Aa,a )-variations,
gathering information from all stations. The time series of Ag -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 1 minute sampling has a l-year periodicity
before Hokkaido earthquake 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 microseismic noise after Hokkaido event in 2003 which is
continuing till now. A question arises whether Hokkaido 2003 earthquake could be

a foreshock of future even more strong event in Japan?
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Lyubushin A.A. Multifractal Properties of Low-Fregucy Microseismic Noise in Japan, 1997-2008. -
Book of abstracts of 7th General Assembly of theASeismological Commission and Japan
Seismological Society, 2008 Fall meeting, Tsukula@an, 24-27 November 2008, p.92.

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

oncoming catastrophe will be more than 8.3.




SYNCHRONIZATION TRENDS AND RHYTHMS OF MULTIFRACTAL PARAMETERS

strong coupling, these oscillators become synchronous.
[t turned out that the synchronization of oscillators sub-
stantially decreases the singularity spectrum support
width Ace. Consequently, the set of results presented as
plots in Figs. 3, 6, and 8 indicate that the field of
microseismic oscillations in Japan after the 2003 event
became synchronous, and this state is retained to the
present day.

Based on the well-known statement of the theory of
catastrophes that synchronization is one of the flags of
an approaching catastrophe [Gilmore, 1981], it may be
suggested that the Hokkaido event, notwithstanding its
power (M = 8.3), could be only a foreshock of a still
stronger earthquake forming in the region of Japan's
islands.

As for the sharp decrease in seasonal variations of
the parameter «* for 1-min data after the September 25,
2003, earthquake, the interpretation of this result is not
so transparent as for Ac. We can only suggest that this
decrease also reflects a blocking of some degrees of
freedom of the medium, which were previously respon-
sible for annual changes in the state of the lithosphere.
On the other hand., the situation for 1-s data on Aais the
opposite: after the September 25, 2003, event. the
annual variations became more clearly pronounced.
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Fig. 4. The graphs of the robust multiple measure for correlation «, evaluated for the increment of the median values of six statis-

tics B, log(Farr, §. @°, At cand § (the subscript of value « ), calculated for the seismic stations within the five spatial clusters
{Fig. 1) for ong-minute data in the consecutive days. The gray lines correspond to the estimates of « in the window with a length
of 0.25 vear (91 counts), and the black lines correspond to the estimates ofy in the window with a length of ona vear {3635 counts).
The vertical solid lines correspond to the time of the earthquake of September 25, 2003,

CONCLUSIONS

The method for calculating spatial averages over the
clusters of the cbservation points of the monitonng sys-
tems 1= developed and implemented. This method allows
one to calculate efficiently the measure of correlation and
coherence of varations in any statistics, determined on
consecutive tume mtervals in the presence of internip-
tions in the operation of separate stations.

The analysis showed that the use of time windows
with large lengths (one vear) makes the identification of
the effects of synchronization very stable and statistically
significant. This paper presents an independent (based
not only on the parameters of the spectia of singularity )
vahdation of the mamn conclusion of the work
[Lyubushin, 2009] about synchronization in the parame-
ters of a low-frequency microseismic field on the Japa-
nese islands related with the Hokkaido earthquake of
September 25, 2003; the use of the new statistics, namely
the index of linear predictability, allowed me to deter-
mine with rather high accuracy the starting time of the
systematic increase in the synchronization as July 2002,
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Cluster Analysis of Low-Frequency Microseismic Noise
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Abstract—A method is proposed for describing low-frequency microseismic noise from the network of
broadband seismic stations in a large seismically active region ofthe Japan Islands. The median values of daily
estimates from each station for seven parameters (three characteristics of the multifractal singularity spectra
of the waveforms, their spectral exponents and the smoothness indices, the logarithmic variance and the lin-
ear predictability index) are used for the description. These parameters are determined for consecutive daily
time intervals from the beginning of January 1997 through the end of February 2010. Since these parameters
are taken as the median values of the estimates from each station, they are, actually, the integral statistics of
the microseismic field. The present paper is the continuation of two previous works [ Lyubushin, 2009; 2010],
where the effects of synchronization in the low-frequency microseismic field on a large time scale were ana-
lyzed on the data from the F-net stations. In the present work, the number of different “behavior modes™ of
the microseismic field are sought as the number of clusters in the optimal partition of the cloud of 7-dimen-
sional vector parameters, estimated within a moving time window with a width of 2 vears. A new character-
istic of the geophysical field is introduced, namely, the notion of the cluster exponent, which is the power
exponent in the dependence of the value of the compactness function of a cloud of vector parameters on the
number of clusters in the optimal partition of this cloud. Previously, a relatively rapid increase was revealed
in the level of synchronization of the microseismic field, which started in the middle of 2002 and lasted for
approximately one year. The level of synchronization remains high up to now. During the past 4 years (taking
into account the width (2 vears) of the time window within which the estimates were made), the cluster expo-
nent exhibits a long trend which is similar to the shorter trend before the Hokkaido event (M = 8.3) that
occurred on September 25, 2003. These facts, together with the pattern of variations in the coefficient of cor-
relation between two multifractal parameters of the field. suggest a hypothesis of the enhancement of the seis-
mic hazard in the region of the Islands of Japan from the second half of 20110.
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CLUSTER ANALYSIS OF LOW-FREQUENCY MICROSEISMIC MOISE

CONCLUSIONS

A method is proposed for the analvsis of microseis-
mic noise by studving the clustering of its parameters,
averaged over the network stations in a moving time
window As applied to the analvsis of the field of
microseismic oscillations on the Japan Islands, this
technique revealed an anomaly before the Hokkaido
earthquake of September 25, 2003, as well as a recent
anomaly that started in 2007—2008. Supposedly, the
latter feature i1s a sign of a noticeable enhancement of
seismic hazard in Japan starting from the second half of
2010,
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Synchronization of multifractal parameters of regional and global
low-frequency microseisms

Alexey Lyubushin
Institute of Physics of the Earth, Moscow, Russian Federation (lyubushin@yandex.ru)

Low-frequency microseismic oscillations is an important source of information about processes within Earth’s
crust although their origin is mostly due to atmospheric and oceanic processes. The Earth’s crust is a propagation
media for such oscillations and the changes within Earth’s crust follows in changing of statistical properties of
microseisms.

The vertical seismic records with sampling rate 1 Hz obtained from global IRIS broad-band seismic net-
work (2004-2005, 123 stations) and Japan F-net (1997-2010, 83 stations) were analyzed by estimating their
multifractal singularity spectra parameters (the width of singularity spectra support and generalized Hurst’s
exponent, i.e. argument providing maximum to singularity spectra) within adjacent "short" time windows of the
length 30 minutes.

The seismic stations were split into a number of spatial clusters (7 clusters for global IRIS network and 5
clusters for Japan F-net). The median values of singularity spectra parameters were taken from stations in each
cluster within 30 minutes time windows - this operation is a spatial smoothing and give a possibility to get rid of
gaps within registration on some stations. Thus, a multi-dimensional time series of medians of singularity spectra
parameters with uniform sampling time interval 30 minutes were obtained.

A multiple correlation measure (as the product of absolute values of by-component robust canonical corre-
lations) estimated within "long" moving time window (4 months for global IRIS, 2004-2005, network data and 1
year for Japan, 1997-2010, F-net records) was estimated for these median time series. Using of long time windows
for estimating multiple correlation measure allows to average influence of storms and hurricanes.

The main results are the following: 1) a synchronization of global microseisms multi-fractal parameters
was observed during 160 days prior to catastrophic Sumatra earthquake, M=9.1, 26 of December, 2004; 2) a
synchronization of regional microseisms multi-fractal parameters in Japan started 0.5 year before Hokkaido
earthquake, M=8.3, 25 of September and the level of synchronization remains high since the end of 2003 till now
- this could be a flag of approaching catastrophic earthquake in Japan.
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FIELD' VERIFICATION AMD MATHEMATICAL
SIMULATION OF TRAMSIENT SEISMIC PRO-
CESSES

V Smiirmen, A Ponomares?, P Bernard®, A Pato-
i

‘Phaysics Dept., Lomonosoy Moscow State Uiniver-
sity and Schmiat Institute of Physics of the Earth,
RAS; "Schmigt institute of Physics of the Earth,
Russian Acodersy of Scences, Moscow, Russio;
AInstitut de Physique du Globe de Paris, France;
4Geophysical Obsarvatory “Borok™, \PE RAS, Bo-
rok, Yarosiow! region, Russia

The transient processes in seismicity are con-
sidered as a response to the guite powerful
influences of different arigin, which disturb
stationany state of seismicity. 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. A series of laboratory
experiments for maodeling of transient pro-
cesses in seismicity was carried out. Labora-
tory results was verified by field experiment
in Soultz-sous-Forets (Framce) hot dry rock
area and analysis of natural seismic swarms
in Corinth rift. Physical interpretation amd
mathematical simulation for found regulari-
ties was suggested. The aim of the experi-
ments was to understand the character of
excitation and relaxation of the failure, trig-
gered 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
guickly, such impact generates processes
similar to aftershock seguences; when in-
creasing 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 acoustic
activity (for given stress level): it decreases
when activity is increasing and increases
when activity is decreasing. This indicates
a transition of failure at the increase stage
from lower to higher levels (crack grows and
fusiom scenario) and from higher to lower
levels at the decay stage (aftershock scena-
ric). Similar regularities was found in natural
conditions: in the experiment of seismicity
generation by the water injection into a
borehole (Soultz-sous-Forets, France) amd
in seismic swarms in Corinth rife. A4 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
hypathesis. The wark is supported by RFBR
grant 08-05-00248 and project 08-05 of IPGP
- IPGM collaboration.

ES&/THIOMD - SYMCHROMIZATION PHEMO-
MEMA OF LOW-FREQUENCY MICROSEISMS.

A Dyvibushin'
Institute of Physics of the Eorth, Russion Aco-
denmy of Sciences

The vertical seismic records with sampling
rate 1 Hz obtained from global IRIS broad-
band seismic network (1988-2009, 131 sta-
tions) and Japan F-net (1997-2010, 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 linear 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 were taken from stations in
each cluster. A multiple correlation measu-
res for different combinations of parameters
were estimated within moving time window
of the lenath 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 moise essential global synchranization
was extracted. The most strong synchroni-
zation effects comespond to time interval
2003-2007 and the 2Znd one started at the
beginning of 2008 and is continuing Till mow.
The microseisms field at Japan islands trans-
fers 1o high level synchronization of its pa-
rameters starting from the middle of 2002,
one year before the Hokkaido earthguake,
15 of September, 2003, M=B.3. 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 flags 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 Japam's islands. The cluster analysis of
7 median daily statistics from the whole
network indicates a strong linear trend of
cluster exponent starting from 2007 which is
continuing till now. This trend peculiarty is
similar to the trend before 2003 event. The
peculiarities of correlation coefficient esti-
mate within 1 year time window betwsen
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.

ESE/TH/OTY - A STUDY OF TEMPORAL VA-
RIATIONS IN “B" VALUE AND MAGNITUDE OF
COMPLETEMESS FOR THE HIMALAYAM RE-
GIOM.

R. Da='

‘nfian institute of Technology Roorkee, lndia

The Himalayan arc region is one of the maost
seismically active region of the world. An
earthquake catalog contaiming over 3812
earthquake events with 622 events having
more than 5.0 magnitude for the Himalayan
region for the perod 1964-2007 s conside-
red. In this study, earthguake data are col-
lated for the pericd 1964-2007 from Inter-
national Seismological Center (15C), Hational
Earthguake Information Centre (MEIC) and
HRYL. 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-
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The latest prediction:
dangeroustime for
waiting catastrophe
begins at the middle of
2010
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