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Seismic velocities are
sensitive to transient
stress changes




Laboratory experiments show pre-seismic velocity decrease
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Precursory changes in seismic velocity for the
spectrum of earthquake failure modes
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Laboratory experiments show pre-seismic velocity decrease
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Temporal seismic velocity
changes In nature




Velocity changes in nature
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Velocity changes in nature

Pres. Of Thomas Lecocqg, Germany

Poster of Qingyu Wang, Japan
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Velocity changes in nature
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Velocity changes in nature
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Noise-based seismic
monitoring
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4D noise-based seismology: principles
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4D noise-based seismology: principles
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4D noise-based seismology: principles

. =LA e ' : ¢ ~ ‘
- . « { i 3 ™~ w 2 S . 4
D\ e TR e Tt ey 0.0 | I | I I | | | 1
v\\.\ k g Nt R s %00 80 60 40 20 0 20 40 60 80 100
# ol A I,J - ﬁ—:\_,\f A‘:» :( P ‘r' . N time (s)
b ! SETIN - .

The medium changes
A B

13



4D noise-based monitoring: current state

Advantages

v' Continuous in time
v Very high accuracy (10-°)

Drawbacks

v Not valid for strong perturbations > 1%
v Low spatial resolution (coda waves)
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Examples: environmental
changes
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Environmental changes over 30 years in Germany
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Environmental changes over 30 years in Germany

GR.GRA1T - GR.GRAZ2

50

0.015
_ —— Removed GRA1
= 0010 = ___ Removed GRA2
% 0.005 —— Removed GRA3
% —— Removed GRA4
6 0.000 x e Al stations
>
£ -0.005
S
2 -0.010

1983 1987 1991 1995 1999 2003 2007

Lecocq et al., 2017
17



130" 132" 134" 136" 138" 140° 142" 144° 146°

18



Seasonal crustal changes in Japan

Movie Qingyu
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Examples: monitoring tectonic
and volcanic-linked processes
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The 2011, M9, Tohoku-oki earthquake
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Coseismic velocity reduction

The large patches of
maximum velocity reduction
do not correlate with the level
of shaking

Peak ground velocity
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High seismic susceptibility below volcanic regions
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We interpret the high level of
seismic susceptibility
(AV/Ao) as being caused by
high volcanic fluid pressure
In the upper crust.

Sketch from Prejean and Haney

Brenguier et al. 2014
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Velocity changes in nature
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How can we get closer to a real
fault at seismogenic depth??
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Extracting body-waves instead of surface waves
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Source and receiver arrays: double-beamforming

Boué et al. 2013
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The data and metadata are available without
restrictions from the RESIF and EIDA datacenters

(www.portal.resif, http://www.orfeus-eu.org/eida/)
under the FDSN network code XP

(doi:10.15778/RESIEXP2014). IRESIFD-

Brenguier et al. 2016
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An unexpected source of body waves
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Courtesy of N. Nakata
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station cross-correlations
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Boué et al. 2013

2401 cross-correlations
between arrays

1 double-beamformed
cross-correlation =
Body-wave part of the
Green’s function
between arrays
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Arrays correlations + DBF
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Combining surface and P-wave imaginc
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