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Asian Seismological Commission, Tsukuba, Japan,  24-27 Nov 2008

The earliest prediction (at the middle of 2008): the magnitude of 
oncoming catastrophe will be more than 8.3. 





The latest prediction: dangerous 
time for waiting catastrophe 
begins at the middle of 2010



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

Atmospheric Pressure Variations

Oceanic Waves

Slow Earthquakes, Creep

Low-Frequency
Microseismic Noise:

2 min ≤  Periods ≤ 1000 min



Multi-fractal singularity spectrum

δt

Measure of the random signal variability
at the time interval [ t − δ/2, t + δ/2 ]

µ(t,δ ) ∼ δ h(t)
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F (α) - fractal dimensionality of the set of
             time moments  t  for which  h(t) = α
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∆α = αmax − αmin

α∗

Multi-fractal singularity spectrum F (α)
and its parameters: ∆α - support width and
α∗ - generalized Hurst exponent.



Minimum normalized entropy of squared orthogonal 
wavelet coefficients distribution
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Data transform

Initial LHZ-records, ∆t = 1 sec  ∆t = 1 min

Downsampling

Seismic Noise, ∆t = 1 min

∆α

Estimates
within adjacent
daily time 
intervals,
∆t = 1 day
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Linear Predictability Index
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∆α = 0.821,  En = 0.685

∆α = 0.757,  En = 0.704

∆α = 0.809,  En = 0.748

∆α = 0.207,  En = 0.855

∆α = 0.154,  En = 0.851

∆α = 0.249,  En = 0.790

Low danger,
high variability of stochastic behavior
types, a lot of low-frequency spikes
because of mutual movements of
non-consolidated small blocks
of the Earth’s crust, energy is
not accumulated.

High danger,
the behavior of the seismic noise
is much more uniform, small blocks
of the Earth’s crust are consolidated,
the energy could be accumulated.

Graphics of seismic noise of the length 1 day with sampling time step 1 minute after removing tidal trends
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2002.09.24 - 2003.09.25
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2003.09.26 - 2004.12.31
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2010.01.01 - 2011.03.10
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2011.03.14 - 2011.12.31
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The sequence of 
mean maps of 
multi-fractal 
singularity 
spectra support 
width of low-
frequency seismic 
noise waveforms 
for 16 years of 
observations at 
broad-band 
seismic network 
F-net at Japan.

Small black star �
hypocenter of 
earthquake 
2003.09.25, M=8.3

Large black star �
hypocenter of 
Tohoku mega-
earthquake 
2011.03.11, M=9.0.

∆α



Regions of relatively low values 
of singularity spectrum support 
width extract seismically danger 
domains. 
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2012.09.14 - 2013.03.15,   183 days
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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. 



Maps of multi-fractal singularity spectra support width ∆α.∆α.∆α.∆α.
Low ∆α∆α∆α∆α values (�blue and violet regions�) indicate synchro nization and danger.

From the beginning of 1997 
up to 25 of Sept 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 26 of Sept 2003 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 14 of March 2011 up to 15 
June 2013: 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 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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The sequence of 
mean maps of 
minimum 
normalized 
entropy of 
squared 
orthogonal 
wavelet 
coefficients of 
low-frequency 
seismic noise 
waveforms for 16 
years of 
observations at 
broad-band 
seismic network 
F-net at Japan.

Small black star �
hypocenter of 
earthquake 
2003.09.25, M=8.3

Large black star �
hypocenter of 
Tohoku mega-
earthquake 
2011.03.11, M=9.0.
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Maps of minimum normalized entropy of low-frequency seismic noise waveforms for 4 adjacent time of the le ngth 0.5 years during 
2011 - 2013. Seasonal periodicity of seismic danger is obvious: autumn-winter period is more dangerous than spring-summer. 

Regions of relatively high 
normalized entropy extract 
seismically danger domains. 
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