
 

Does Japan approach great earthquake (the question since middle of 2008)? 
Yes, this prediction was true (after 11 of March 2011). 
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The question in the title arises as the result of processing microseisms data from 83 broadband seismic 

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 α∆  and 
generalized Hurst's exponent *α , 
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 
year time window) value of the 
parameter α∆  (calculated as 
median over all stations of the 
network) significantly decreased 
before the Hokkaido earthquake of 
September 25, 2003 (M=8.3), and 
was not restored subsequently to its 
previous level (Fig.2).  
The quantity α∆  reflects the 
degree of diversity of the random 
behavior of the signal, and 
therefore, its decrease is an indirect 
indicator of the suppression 
(decrease) of certain degrees of 
freedom of the medium. 
 
In the paper [4] the vertical 
components measured initially with 
a sampling rate of one second and 
subsequently converted into the 
signals sampled at 1 minute 
intervals by means of averaging 
and decimation are used in the 
analysis. Six statistics are taken as 
the parameters: the support width 

α∆  of the multi-fractal singularity 
spectrum; the generalized Hurst 
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Fig.1. Positions of 83 F-net seismic stations and hypocenter of earthquake 25.09.2003, M=8.3 (star)
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Fig.2. Median value of multi-fractal singularity spectra parameter ∆α.
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



 

exponent *α ; the asymmetry coefficient γ  of the spectrum of singularity; the logarithmic variance 
lg( )Var ; the spectral exponent β ; and the linear predictability index ρ . These parameters are 
calculated from the realizations contained within consecutive daily time intervals. When using the 
moving time window with a width of 1 year for evaluating the multiple correlation κ , the daily 
variations in the median values of the statistics of the noise measured at 5 spatial clusters of stations 
exhibit a stable increase in the synchronization not long before the Hokkaido earthquake, subsequently 
passing to the new level of high synchronization (Fig.3).  
 

1998 2000 2002 2004 2006 2008 2010

0.0

0.2

0.4

0.6

0.8
κ∆α − for singularity spectra support widthκα∗ − for generalized Hurst exponent 

1998 2000 2002 2004 2006 2008 2010

0.0

0.2

0.4

0.6

0.8
κγ  − for singularity spectra asymmetry index

1998 2000 2002 2004 2006 2008 2010

0.0

0.2

0.4

0.6

1998 2000 2002 2004 2006 2008 2010

0.0

0.2

0.4

0.6

0.8
κLg(Var) − for logarithm of variance κβ − for spectral exponent 

1998 2000 2002 2004 2006 2008 2010

0.0

0.2

0.4

0.6

0.8
κρ − for linear predictability index

1998 2000 2002 2004 2006 2008 2010

0.0

0.2

0.4

0.6
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Fig.3. Multiple correlation measures κ (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 linear predictability gives a possibility to estimate the 
beginning of the enhancement in the synchronization with rather high accuracy as the middle of 2002. 
The effect revealed for the variations in the different parameters of microseisms is an independent 
argument for the conclusion about the synchronization in the field of the microseismic noise on the 
Japan Islands. Based on the well-known statement of the theory of catastrophes that synchronization is 
one of the flags of an approaching catastrophe, it may be suggested that the Hokkaido event, 
notwithstanding its power (M = 8.3), was the only a foreshock of a still stronger earthquake forming in 
the region of Japan’s islands which occurred at 11 of March 2011, M = 9.0. 
 
Another statistics which is estimated using different approach allows make a statement about 
anomalous behavior of microseisms field in Japan starting from the middle of 2008 as well. It is based 
on cluster analysis of the first 4 principal component of the 7D cloud of vector ς�  composed of 

following scalar components:  α∆ , *α , γ , β , lg( )Var , ρ  and SI   – waveform smoothing index, 
which is defined as median value of the number of vanishing moments for optimal orthogonal wavelet 
found from minimum of entropy of distribution of squared wavelet coefficients [5]. All these 
components are estimated for microseisms waveforms after coming to 1 minute sampling time interval 



 

within adjacent time windows of the length 1 day. Parameters β , lg( )Var  and SI  were calculated 
after removing trend by polynomial of 8th order within each “short” daily time window. 
 

Thus, from each day we have one 7D vector ς� . Let us 
consider a “long” moving time window of the length 2 years 
(730 days) taken with mutual shift 7 days and perform a 
cluster analysis of these subsequent 7D sub-clouds of 730 
vectors ς� . The cluster analysis is done for the first 4 principal 
components by K-means approach for probe number of 
clusters q  varying from maximum value 40 down to 
minimum value 1 (which means trivial case of no clustering 
of the current sub-cloud). The usual preliminary operations 
before performing cluster analysis within each “long” 2-years 
time window were done: winsorizing (iterative suppressing 
outliers) and normalizing each scalar component of the vector 
ς�  to have a zero mean value and unit standard deviation. Let 

ξ
�

 be a 4D vector of the first 4 principal components of the 
7D vector ς�  within each 2-years window (the first 4 principal 
components carry 91-95% of general ς� -variance after 
winsorizing and normalizing for different 2-years windows). 

For each probe number of clusters q  the K-means approach minimizes the compactness functional 
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Fig.5. Optimum number of clusters q* and cluster exponent µ within dependence  σ0
2(q) ∼ q −µ . 

Upper estimate of catastrophe time moment could be done at the end of 2010.

T1 = 2.2

T2 = T1
. ( t2 / t1) = 1.1 ⇒

T2 ~ 2011.6 - upper estimate

 
 
The value of 2

0 ( )qσ  monotonously increases with decreasing of clusters number q . At the same time 

the graphics of 2
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Fig.4. The dependence of clusters compactness
functional on the number q of probe cluster.



 

scaling exponent 0µ >  which could be called a “cluster exponent” (Fig.4, red straight line presents 
linear best fit).  
 
Let us estimate variations of cluster exponent µ  in dependence on position of right-hand end of the 
“long” 2-years moving time window – Fig.5.  
 
Except the high level of multiple coherence measures at the Fig.3 there is an intrigue behavior of 
cluster exponent for the whole F-net system at the Fig.5. It could be noticed that for a few nearest 
years a strong positive linear trend is observed which is similar to those before the earthquake 25 of 
Sept 2003 but this trend is more persistent. Moreover just before the seismic catastrophe at 11 of 
march, 2011 the behavior of cluster exponent was similar to the behavior before 25 of Sept 2003. 
Comparing 2 parts of linear trends of µ  before Hokkaido event 25.09.2003 and the linear trend of µ  
for time interval [2008.3, 2010.5] provided a possibility at the end of 2010 to give 2011.6 as the upper 
estimate of time moment of future earthquake (see Fig.5). 
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Fig.6. Squared robust correlation between ∆α and α∗

25.09.2003, M = 8.3 11.03.2011, M = 9.0Strong earthquake is
nevertheless only a foreshock

Blue arrows were plotted at the April of 2010.
The 2-nd arrow indicates the middle of 2010
as the lower estimate 
of catastrophe time moment.

 
 
The peculiarities of correlation coefficient estimate within 1 year time window between median values 
of singularity spectra support width α∆  and generalized Hurst exponent *α  gave a possibility at the 
April of 2010 indicate middle of 2010 as the lower estimate of future earthquake (see Fig.6).  
 
 



 

 
References. Papers and abstracts with prediction of strong earthquake at Japan Islands.  
 
1. Lyubushin A.A. Mean Multifractal Properties of Low-Frequency Microseismic Noise - Proceedings of 31st 

General Assembly of the European Seismological Commission ESC 2008, Hersonissos, Crete, Greece, 7-12 
September 2008, pp. 255-270.  
http://geoph-sync.org/MultiFractal_Properties_of_MicroSeismic_Noise_ESC-2008_Short_Paper.pdf  

2. Lyubushin A.A. Multifractal Properties of Low-Frequency Microseismic Noise in Japan, 1997-2008. - Book of 
abstracts of 7th General Assembly of the Asian Seismological Commission and Japan Seismological Society, 
2008 Fall meeting, Tsukuba, Japan, 24-27 November 2008, p.92.  

3. Lyubushin A.A. Synchronization Trends and Rhythms of Multifractal Parameters of the Field of Low-
Frequency Microseisms – Izvestiya, Physics of the Solid Earth, 2009, Vol. 45, No. 5, pp. 381–394. 
http://alexeylyubushin.narod.ru/Trends_and_Rhythms_of_MicroSeisms_Synchronization.pdf 
http://www.springerlink.com/content/u0m8666021127077/  

4. Lyubushin A.A. The Statistics of the Time Segments of Low-Frequency Microseisms: Trends and 
Synchronization – Izvestiya, Physics of the Solid Earth, 2010, Vol. 46, No. 6, pp. 544–554. 
http://alexeylyubushin.narod.ru/LowFrequency_Microseisms_Statistics.pdf 
http://www.springerlink.com/content/dg574m78q2861006/  

5. Lyubushin A.A. Cluster Analysis of Low-Frequency Microseismic Noise – Izvestiya, Physics of the Solid 
Earth, 2011, Vol. 47, No. 6, pp. 488–495. 
http://alexeylyubushin.narod.ru/Cluster_Analysis_LowFrequency_Microseisms.pdf 
http://www.springerlink.com/content/bp714871l218287m/   

6. Lyubushin A., Multifractal Parameters of Low-Frequency Microseisms // V. de Rubeis et al. (eds.), 
Synchronization and Triggering: from Fracture to Earthquake Processes, GeoPlanet: Earth and Planetary 
Sciences 1, DOI 10.1007/978-3-642-12300-9_15, Springer-Verlag Berlin Heidelberg 2010, 388p., Chapter 
15, pp.253-272. 
http://www.springerlink.com/content/hj2l211577533261 

7. Lyubushin A.A. Synchronization of multifractal parameters of regional and global low-frequency microseisms 
– European Geosciences Union General Assembly 2010, Vienna, 02-07 of May, 2010, Geophysical 
Research Abstracts, Vol. 12, EGU2010-696, 2010. 
http://meetingorganizer.copernicus.org/EGU2010/EGU2010-696.pdf  

8. Lyubushin A.A. Synchronization phenomena of low-frequency microseisms. European Seismological 
Commission, 32nd General Assembly, September 06-10, 2010, Montpelier, France. Book of abstracts, p.124, 
session ES6.  
http://www.esc2010.eu/cd/documents/Abstracts.pdf  

 
 
The detailed description of all methods and results could be found within presentation by the address: 
 
http://alexeylyubushin.narod.ru/Lyubushin_Japan_2011.03.11_Prediction_F-net_ENG.pdf  
 
 
Publications after the earthquake: 
 
Lyubushin A.A. (2011) Seismic Catastrophe in Japan on March 11, 2011: Long-Term Prediction on the Basis of 
Low-Frequency Microseisms – Izvestiya, Atmospheric and Oceanic Physics, 2011, Vol. 46, No. 8, pp. 904–921. 
http://alexeylyubushin.narod.ru/Long-Term_Prediction_Tohoku_Catastrophe.pdf  
http://www.springerlink.com/content/kq53j2667024w715/  
 
Lyubushin A.A., 2011, Prediction of Tohoku Seismic Catastrophe by microseismic noise multi-fractal properties,  
Abstract S53A-2273 presented at 2011 Fall Meeting, AGU, San Francisco, CA, 5-9 Dec.  
 



 
 

2006 2007 2008 2009 2010 2011 2012

0.56

0.60

0.64

0.68

1999 2000 2001 2002 2003 2004 2005

0.56

0.60

0.64

0.68

µ 25.09.2003
M=8.3

11.03.2011
M=9.0

Right-hand end of 2-years moving time window

t1

t2

T1

T2 = t2 (T1/ t1) ≈
≈ 2011.6

µ

Cluster exponent  µ  before and after 11.03.2011 (up to 31.12.2011)

  positive linear trend

  negative linear trend

 
 
 



Maps of low-frequency seismic noise waveforms smoot hness index, i.e. median value of the number of 
vanishing moments  for the “best” orthogonal wavele t which is found for each station within each daily  
time window from the minimum of entropy.

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.

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 .

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.

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

From the beginning of 2004 up 
to 10 of March 2011: the area of 
future seismic catastrophe is 
characterized by relatively high 
values of normalized entropy 
and the previous area of high 
entropy values is split into North 
and South parts .

From 11 of March 2011 up to 31 of 
December 2011: the North part of 
the relatively high values of 
normalized entropy 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 entropy values.
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Maps of low-frequency seismic noise waveforms linea r predictability index

From the beginning of 1997 
up to 25 of September 2003: 
the area of future seismic 
catastrophe is characterized 
by relatively high values of 
seismic noise waveforms 
linear predictability index and 
it is not split into North and 
South parts.

From the beginning of 2004 up 
to 10 of March 2011: the area of 
future seismic catastrophe is 
characterized by relatively high 
values of seismic noise 
waveforms linear predictability 
index and the previous area of 
high predictability index is split 
into North and South parts.

From 11 of March 2011 up to 31 of 
December 2011: the North part of 
the relatively high values of 
seismic noise waveforms linear 
predictability 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 predictability index values.
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Maps of multi-fractal singularity spectra support w idth ∆α∆α∆α∆α....
Low ∆α∆α∆α∆α values (“blue and violet regions”) indicate synchro nization and danger.
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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 low ∆α∆α∆α∆α and it is 
not split into North and South 
parts.

From the beginning of 2004 
up to 10 of March 2011: the 
area of future seismic 
catastrophe is characterized 
by relatively low ∆α∆α∆α∆α and the 
previous area of low ∆α∆α∆α∆α
values is split into North and 
South parts .

From 11 of March 2011 up to 31 of 
December 2011: the North part of 
the relatively low ∆α∆α∆α∆α values 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 
low ∆α∆α∆α∆α values
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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. 
 
 

 



 

 

 
 
Lyubushin A.A. Multifractal Properties of Low-Frequency Microseismic Noise in Japan, 1997-2008. - 
Book of abstracts of 7th General Assembly of the Asian Seismological Commission and Japan 
Seismological Society, 2008 Fall meeting, Tsukuba, Japan, 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.  
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From: Lyubushin A.A. The Statistics of the Time Segments of Low-Frequency Microseisms: Trends and 
Synchronization – Izvestiya, Physics of the Solid Earth, 2010, Vol. 46, No. 6, pp. 544–554. 
http://alexeylyubushin.narod.ru/LowFrequency_Microseisms_Statistics.pdf 
http://www.springerlink.com/content/dg574m78q2861006/  
 
Independent and direct confirming of synchronization increasing by estimating robust multiple 
correlation coefficient between 5 spatial groups of stations within 1 year moving time window. 

 



 

 
 
 
From: Lyubushin A.A. Cluster Analysis of Low-Frequency Microseismic Noise – Izvestiya, Physics of 
the Solid Earth, 2011, Vol. 47, No. 6, pp. 488–495. 
http://alexeylyubushin.narod.ru/Cluster_Analysis_LowFrequency_Microseisms.pdf 
http://www.springerlink.com/content/bp714871l218287m/   
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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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