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Cosmo-seismic correlation
Cosmo-seismic correlation: an observed correlation between variations in
the detection rate of secondary cosmic rays and changes in global seismic
activity, with maximum significance at the level of 6σ.
Data sources:

Cosmic rays: Pierre Auger Observatory, Neutron Monitor Database in
Oulu and Moscow
Earthquakes: United States Geological Survey (USGS)

Key properties:
The strongest correlation is observed when earthquake data are
shifted 15 days forward relative to the cosmic-ray data.
The correlation value is highly sensitive to the initial time of the
analysis.
The correlation significance varies with a period similar to the solar
cycle.
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Cosmo-seismic correlation
P - period starting at t0
∆t - shift of earthquake data relative to cosmic-ray data
d - length of each interval
m - minimum earthquake magnitude

Ai =
Sm(d,m, t0, ti +∆t)

M(Sm(d,m, t0, ti +∆t),P) − 1

Bi =
|∆ncr(t0, ti,i−1)|

M(|∆ncr(t0, ti,i−1)|,P)
− 1

∆ncr(t0, ti,i−1) = ncr(ti)− ncr(ti−1)

ci(d,m, t0, ti,∆t,P) = Ai(d,m, t0, ti,∆t,P)× Bi(d, t0, ti,P)
N+/− - number of positive/negative values of ci,
p+/− = 0.5 - probability for each bin

P(N+/− = k) = n!
k!(n − k)!p

k
+/−(1 − p+/−)

n−k
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Cosmo-seismic correlation

Correlation level between cosmic ray data from Pierre Auger and NMDB stations
(Oulu, Moscow) and seismic data from USGS. Each point illustrates the
correlation effect during the last 335 five-day intervals. [1]
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Cosmo-seismic correlation

Cosmo-seismic correlation level as a function of time lag between seismic data
from USGS and cosmic ray data from Pierre Auger, for the optimum free
parameter set (d = 5 days, P = 1675 days, m = 4). [1]
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Cosmo-seismic correlation

Correlation as a function of time, showing solar cycle dependence. Each point
corresponds to the effect found over 1675 days (red line) and 3350 days (blue
line), with the curve points located at the centers of the windows. [1]
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Weekly periodicity in earthquakes

Cumulative weekly earthquake plot based on USGS data from 2014-01-01 to
2024-12-31 for all events (green line), background (blue line), and clusters (orange
line). Earthquake data were declustered using the nearest-neighbor method.
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Weekly periodicity in earthquakes
None of the simulated catalogs reached or exceeded the real-data value.

Bootstrap test results: histogram of the difference in the number of events on
Sundays between 13:02–17:02 and 17:05–21:05 for 5 million simulated catalogs;
the red dashed line indicates the corresponding value for the real declustered data.
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Weekly periodicity in earthquakes
None of the simulated catalogs reached or exceeded the real-data value.

Histogram of the sum of absolute increases and decreases for the
Sunday–Monday–Tuesday pattern for 5 million synthetic catalogs and real data
(red dashed line).
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Nearest - neighbor method:
1 Define nearest-neighbor proximity ηij and for each event compute

ηj = min(ηij, i < j).

ηij =

{
tij (rij)d 10−wmi , tij > 0,
∞, tij ≤ 0,

2 Construct histogram of log10(ηj), fit a mixture of two Gaussians, and
determine threshold η0.

3 Select events with ηj > η0 and generate 500 synthetic catalogs by
randomizing event times.

4 For each event in the original catalog, compute nearest-neighbor
proximity with respect to all synthetic catalogs and apply
log10(αi) = log10(ηi)− mean[log10(ki)].

5 Classify events as background using the condition αiA0 > Ui.
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