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Positions of 78 seismic stations of 

broadband network F-net in Japan and 

16 reference points.  

Vicinity of Japanese Islands as the union 

of circles of radius 250 km around stations 

Daily numbers of working stations. 

https://www.fnet.bosai.go.jp/faq/?LANG=en  

https://www.fnet.bosai.go.jp/faq/?LANG=en
https://www.fnet.bosai.go.jp/faq/?LANG=en


Main seismic noise statistics 

Information Minimum Normalized Entropy of the Distribution of Squares of 

Orthogonal Wavelet Coefficients :  
 

En = -Σpklog(pk) / log(N),   pk = (ck)
2 / Σ(cj)

2, cj – wavelet coeff.,  0 ≤ En ≤ 1 
 

An increase in seismic hazard is accompanied by a simplification of the noise 

structure and an increase in entropy : En  

DJ (Donoho-Johnstone) index - the ratio of the number of wavelet coefficients large 

in absolute value to their total number :  
 

g = #(|ck|>TDJ) / N,   TDJ = s(2log(N)), s – standard deviation of ck , 0 ≤ g ≤ 1 
 

The increase in seismic hazard is accompanied by a simplification of the noise 

structure and a decrease in the DJ index : g  

Support Width of Multifractal Singularity Spectrum Da.  

The growth of seismic hazard is accompanied by a 

simplification of the noise structure and a decrease of Da (“the 

loss of multifractality”): Da  



Black stars indicate 

hypocenters of 2 

strong 

earthquakes: 

2003.09.25, M=8.3 

and 2011.03.11, 

M=9.1.  

 

The maps are 

shown only in the 

vicinity of the 

Japanese Islands 

in the union of 

circles with a 

radius of 250 km, 

built around each 

seismic station. 



(a1)-(a4) – plots of daily median 

values of seismic noise 

properties, green lines present 

running average within time 

windows of the length 57 days; 

  

(b) – plot of the best numbers of 

clusters for the sequence of 

clouds consisting of 365 daily 4D 

vectors  from moving time 

window of the length 365 days 

with mutual shift 3 days. The 

best number of clusters is 

defined from the maximum of 

pseudo-F-statistics. Vertical red 

line indicates time moment of 

Tohoku mega-earthquake on 

March 11, 2011. 

  

Two-dimensional diagram (c) 

presents dependence of pseudo-

F-statistics on the probe number 

of clusters which is varying from 

2 up to 40 within each time 

window. 

 

Plot (d) presents mean value of 

pseudo-F-statistics averaged by 

all probe numbers of clusters in 

dependence on right-hand end 

of moving time window of the 

length 365 days.  

  

Plot (e) presents the sequence of 

time moments of strong 

earthquakes  in the rectangular 

domain with coordinates 

 28N  Lat   48N;  

128E  Lon   156E  

which is a rather broad vicinity 

of Japan islands. 





Daily values of DJ-index in 4 reference points, green lines - running average within time window of the length 57 days. 

Histogram of numbers of reference points, in which the minimum values of the DJ index were realized in a moving time 

window 365 days long. 

The histogram shows strips of probability concentration for the minimum values of the DJ index for 

data from the vicinity of control points with numbers 7-9 and 3-4. The highest concentration of 

minimum  values is observed for the reference point #9 starting from 2004 until the end of the 

considered time interval. This behavior of the minimum values of the DJ index is interpreted as the 

existence of a permanent source of seismic hazard with an increased probability of strong 

earthquakes in the vicinity of reference point #9. Another high risk area corresponds to point #4, 

which emerged in 2002-2003 (taking into account that the estimates are given for a 1-year time 

window) and ended in 2020. Note that the vicinity of reference point #4 is the area where the epicenter 

of the March 11, 2011 Tohoku mega-earthquake is located. The continuation of the line of increased 

probability of low  values after 2011 for point #4 is associated with aftershock activity.  



Time series plot of the length of a day (LOD) for 

the time interval 1997-2024. 

Plots of maximum coherence between index  and LOD in a moving 

time window of 365 days (a) and 91 days (b) with mutual shift 3 

days for 4 reference points. 

(a) is the logarithm of the 

released seismic energy (in 

joules) within moving time 

window of the length 365 days 

with mutual shift 3 days; (b) – 

average values DJ-index 

response to LOD; (c) is the 

correlation function between 

the released seismic energy 

and DJ-index response to LOD. 





Distribution in space and 

time of maximum seismic 

noise DJ index responses to 

LOD in Japan 

Changes in the histogram of the distribution of numbers of reference points in which the maximum response to 

LOD was realized in a moving time window of 4 years. 

 

Maximum mean response at reference point number 9. 



(a) – sequence of 336 earthquakes with magnitudes  in the vicinity of Japanese islands; (b) – 

maxima of maximum values of coherences between LOD and daily DJ-index values at 16 reference 

points within moving time window of the length 91 days with mutual shift 3 days, red points 

present the largest 336 local maxima values. 





Components of influence matrix for estimation of relations between the sequence of maxima 

seismic noise DJ index average response per LOD and the sequence of earthquakes  within vicinity 

of Japan islands. Left panel of graphs corresponds to the influence of coherence maxima sequence 

from sequence of seismic events whereas right panel of graphs corresponds to vice versa influence 

of seismic events from coherence maxima. Intensity shares were estimated within moving time 

window of the length 4 years, relaxation time  of the intensity model was taken 0.5 years. Graphs (a1) 

and (b1) present mutual exciting components of influence matrix; (a2) and (b2) – self-exciting 

components, (a3) and (b3) – Poisson shares of intensities; (a4) and (b4) – numbers of events within 

each time window. 



Vertical lines - positions on the time axis and values of local maxima of 

elements of the matrix of influence corresponding to the "influence" of the 

sequence of maxima seismic noise DJ index average response per LOD on 

sequence earthquakes  for evaluation in a sliding time window of 4 years with 

a shift of 0.05 years, the relaxation time parameter  is  0.5 years.  



The times and magnitudes of local maxima of the matrices of the influence of 

the seismic noise index DJ responses on the LOD on the sequence of 

earthquakes M ≥ 6 when estimating in moving time windows of lengths 

varying from 3 to 6 years with a shift of 0.05 years, the relaxation time in the 

model is 0.5 years. The vertical red line corresponds to the time of the March 

11, 2011 mega-earthquake. Plot (a) corresponds to using all local maxima of 

influence matrix component whereas plot (b) corresponds to using of 10 

maximum local maxima in each time window. 







Conclusions  

 
The experience of using various statistics of low-frequency seismic noise to search for features of noise 

behavior that can be preceded by strong earthquakes unexpectedly showed that a relatively simple 

quantity describing the ratio of the number of "large" wavelet coefficients to their total number 

surpasses such properties as entropy in its efficiency or the support width of the multi-fractal spectrum 

of the singularity. For this reason, in this article, we focused on studying only the properties of the DJ 

index, although earlier the first principal component of three properties was used for the seismic noise 

of Japan: the DJ index, the entropy of the distribution of the squares of the wavelet coefficients, and the 

singularity spectrum support width. At the same time, the previously used method for estimating spatial 

distribution maps of extreme properties of seismic noise using a kernel Gaussian estimate was also 

replaced by a simpler method for calculating the histogram of the distribution of reference points 

numbers, in which the minimum of the DJ index was realized in a sliding time window. This method of 

representing the variability of the distribution over space of the minimum values of the DJ index, in 

addition to its ease of implementation, makes it possible to present the temporal dynamics of this 

variability in a compact form. Inclusion in the analysis of new data 2 years in length compared to 

previous estimates led to the discovery of a significant spike in the response of the DJ index to LOD in 

2022. This gives grounds to put forward a hypothesis about an increase in the current seismic hazard in 

the Japanese Islands, and the evaluation of the correlation function between the response to LOD and 

the release of seismic energy gives an approximate estimate of the time of a possible strong seismic 

shock. The use of a parametric model of two interacting point processes - a sequence of earthquakes 

with a magnitude of at least 6 and time points of the largest local maxima of the response to LOD, when 

assessed in a moving window of 91 days, also independently confirmed the hypothesis that the 

Japanese Islands would enter a dangerous time interval in 2023-2024. As for the place of a possible 

strong earthquake, according to the histogram of the change in the distribution over space of the 

minimum values of the DJ-index, the most probable place is the vicinity of reference point #9. 

Monthly maps of seismic noise properties since 2012:  

http://alexeylyubushin.narod.ru/Japan_Seismic_Noise_Properties_Monthly.pdf   
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