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Chapter 1

Project execution

1.1 Project objectives

The TRIGS project is the �rst of its kind to study triggering, combining the three separate as-
pects: the physics of complex systems, materials science, and geophysics applications. One
of its strengths is the presence of several parallel geophysical applications of the methodology,
in particular in view of statistical data analysis, where existing methods can be made bene�cial
for materials problems. Complexity theory has traditionally concentrated on describing qualitative
features of various phenomena with simple, rather universal models, and on identifying the corre-
sponding universal signatures in experimental data series. Our intention is to shift the focus from
the paradigmatic to the pragmatic by inserting laboratory testing on materials between abstract
modeling and data analysis. Instead of performing a global analysis of natural hazards in terms of
their universal signatures, we will use the basic framework of complexity theory and the associated
models but study speci�c responses to well de�ned triggers, and work out experimental strategies
that allow for a quantitative assessment of system speci�c, hence necessarily non-universal pa-
rameters. This will lead to more realistic models and more quantitative forecasting strategies. The
TRIGS project represents a European initiative for analyzing complex behaviour in materials failure
from the atomic- and nano-scale up to the geotectonic scale in terms of complex systems theory.
While the application of tools and ideas from complexity to geosystems has some tradition, such
an approach has only very recently been adopted in materials science. In both disciplines, the
use of complexity tools has mostly focused on the general signatures of universality, and we per-
ceive a growing need to shift the attention from the abstract general thinking typical of complexity
to a more quantitative, experimentally based analysis. This process should take advantage of the
progress made in the different �elds towards detailed model ing of materials and geosystems, yet
at the same time be guided by the characteristic system perspective of complex systems theory
to avoid the danger - only too apparent in many multiscale modeling efforts - of neglecting system
scale complexity because of an unwarranted attention to detail.

The TRIGS project will classify and quantify the effect of external perturbations which trigger in-
stabilities in materials and geosystems, devising a series of experiments in which the effect of
different external perturbation on the system stability is tested systematically for friction, fracture
and slope failure. The TRIGS project will integrate numerical modeling with laboratory tests to
address the various triggering mechanisms. To this end we will review the literature on complex
system modeling of the triggering of mechanical instability and check their applicability to experi-
ments. In particular, we will consider failure nucleation models, cellular automata, rate and state
models and theory of metastability. To understand size effects in failure, we will investigate how
materials strength depends on the relevant characteristic size in fracture, plasticity and friction.
The expected outcome should be a microscopic understanding of the origin of size effects in dif-
ferent contexts and the identi�cation of a theoretical fram ework to describe them. This issue is
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related to the possibility of obtaining reliable physically based laws from the laboratory scale and
transfering the information to larger scales. A positive outcome could help us to develop and
improve microstructure-sensitive probes of local strength in complex materials and relate local
(microscopic) and macroscopic strength. Finally, the TRIGS project will try to understand how to
extract statistical data from �eld recordings and analyze t hem in conjunction with data from lab-
oratory tests. The aim is to transfer the knowledge gained on triggering and size effects through
models and laboratory tests to geophysical objects, such as landslides, snow avalanches and
earthquakes.

1.2 Participants

1.2.1 Teams

CNR: CNR, the National Research Council, is the Italian coordinator for all public institutions de-
voted to science and research. The CNR team represents a collaboration between researchers
based at ISC (Istituto dei Sistemi Complessi) and reasearchers from CNR-INFM (Istituto Nazionale
per la Fisica della Materia). The CNR team, led by Stefano Zapperi, brings to the consortium its ex-
perience in the modeling of interacting complex systems, non-equilibrium dynamics, self-organized
criticality, avalanche phenomena and disordered materials.

INGV: The Istituto Nazionale di Geo�sica e Vulcanologia is a large research institute working in
geosciences and environmental monitoring. The INGV team, led by Patrizia Tosi, has expertise
to evaluate the natural risks associated with geophysical systems and possesses experimental
facilities and infrastructure for the study of the physical properties of rocks and magmas.

UEDIN: Center for Materials Science and Engineering (CMSE), The University of Edinburgh, Ed-
inburgh, Scotland. The UEDIN team, led by Michael Zaiser, brings key expertise in the integration
of complex systems modeling, laboratory experiments and macroscale data analysis into a com-
prehensive picture of geohazard genesis and evolution.

HUT: Helsinki University of Technology is the largest of its kind in Finland. TRIGS participants
from HUT are located both at the Laboratory of Physics and at a National Center of Excellence,
COMP, for research into computational nanoscience. The HUT team, led by Mikko Alava, has a
wide expertise in the application of complex systems ideas to materials science, in particular to the
physics of paper in collaboration with KCL, the Finnish pulp and paper industry research institute.

UJF: The Université Joseph Fourier is a major international centre of excellence in teaching and re-
search and is associated with CNRS. The Laboratoire de Geophysique Interne et Technophysique
(LGIT) is part of the Grenoble Observatory. The UJF team, led by AgnÃĺs Helmstetter, carries
out fundamental research on the triggering mechanisms of geophysical hazards, including earth-
quakes, landslides, volcanic eruptions and snow avalanches, based on laboratory experiments,
�eld monitoring of geological objects, numerical modeling , and statistical analysis of geophysical
databases.

WSL/SLF: The Swiss Federal Institute for Snow and Avalanche Research (SLF) belongs to the
Swiss Federal Research Institute on Forest, Snow and Landscape (WSL). The WSL/SLF team,
led by Jürg Schweizer, has broad experience with the complex snow slope instability problem,
laboratory experiments, multi-scale �eld studies and nume rical simulations.

1.2.2 Coordinator contact details

Project Coordinator:
Dr. Stefano Zapperi
CNR-INFM, S3
Physics Dept. Universitá di Modena and Reggio Emilia,



via Campi 213/A, I-41100, Modena, Italy
Tel. +39-059-2055334
Fax. +39-059 2055651
email: stefano.zapperi@unimore.it

1.3 Major achievements of the project

The TRIGS project has accomplished several of its initial objectives providing a better understand-
ing of triggering phenomena from the laboratory to the geological scale and of size effects in
irreversible deformation and failure of materials. A great effort has been devoted to classify and
reinterpret existing literature and experimental data in the framework of the physics of complex
systems. A set of new laboratory experiments have been devised and results have been obtained.
These include friction and fracture tests and acoustic emission measurements. From the theoret-
ical point of view, models have been developed and studied to analyze triggering and size-effects
in materials and geosystems. Finally, instrumentation has been set up and �eld data on snow
avalanches and landslides has been recorded and analyzed.

The main scienti�c achievents during the project are the fol lowing ones :

Figure 1.1: Rods can be irreversibly bent into a desired shape (e.g. a circle) by plastic deformation.
The process becomes more and more uncontrollable as the thickness of the rod decreases in the
micrometer range. The �gure shows shapes of rods (aspect rat io 1:50) after simulated bending;
rod thickness t from top left to bottom right: t = 100� m, t = 10� m; t = 1 � m; t = 0 :1� m. The
colorcode indicates the local bending angle

1.3.1 Size effects in plasticity (CNR-UEDIN):

Under stress, many crystalline materials exhibit irreversible plastic deformation caused by the mo-
tion of lattice dislocations. In plastically deformed microcrystals, internal dislocation avalanches
lead to jumps in the stress-strain curves (strain bursts), whereas in macroscopic samples plastic-
ity appears as a smooth process. By combining three-dimensional simulations of the dynamics
of interacting dislocations with statistical analysis of the corresponding deformation behavior, we
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Figure 1.2: Localization of rockfalls (red circles) and micro-earthquakes (yellow circles). Seis-
mometers are shown as blue triangles, and the contour highlights the most active zone.

determined the distribution of strain changes during dislocation avalanches and established its
dependence on microcrystal size. Our results suggest that for sample dimensions on the mi-
crometer and submicrometer scale, large strain �uctuation s may make it dif�cult to control the
resulting shape in a plastic-forming process (see Figure 1). Furthermore, we demonstrated that
size effects and strain bursts may be just two different signatures of fundamental collective phe-
nomena that govern the dynamics of dislocation systems on all scales. We con�rmed the theory by
demonstrating agreement between the results of 2D and 3D dislocation dynamics simulations and
experimental results on compressed micropillars. Our results indicate that many Â�a peculiarities
of small-sample plasticity may not depend on surface-speci�c mechanisms This work was pub-
lished in F. Csikor, C. Motz, D. Weygand, M. Zaiser and S. Zapperi, "Dislocation Avalanches, Strain
Bursts, and the Problem of Plastic Forming at the Micrometer Scale", Science 318, 251 (2007).
Further work to be published in V. Beato, M. Zaiser and S. Zapperi, “Strain Bursts and Size Effects
in Microplasticity: the missing link”.

1.3.2 Seismic monitoring of Séchilienne Rockslide (UJF)

: In the French Alps, Séchilienne rockslide is one of the natural phenomena presents one of the
highest levels of risk in terms of socio-economical outcomes. This rockslide has been active for
a few decades, and has been instrumented since 1985. The current very active volume of this
rockslide is estimated to be up to 5 millions m3, located on the border of a slowly moving mass
reaching 50 to 100 millions m3. The velocity of the most active zone reached 1.4 m/yr in 2008,
about twice the value of 2000. A seismic network was installed on this rockslide in May 2007 to
supplement the monitoring system. It has now recorded several thousands events, mostly rockfalls,
but also hundreds of local and regional earthquakes, which can be distinguished and classi�ed
from their signal characteristics. Rockfalls and micro-seismicity, which occur in bursts of activity,
are found to be weakly, but signi�cantly, correlated with ra infall. Rockfall occurrence increases
linearly with precipitation, with however strong �uctuati ons of the numbers of rockfalls per day for
the same rainfall intensity. No threshold was found for rainfall triggering, even one mm of rain
being enough to trigger rockfalls. Rockfall activity starts immediately during a rainfall episode and
lasts for several days after the rainfall. Rain also induces strong accelerations of the rockslide
movement, which also start quasi instantaneously, and last for about a month. To be published
in: Helmstetter, A. and S. Garambois, "Seismic monitoring of Séchilienne Rockslide (French Alps):
analysis of seismic signals and their correlation with rainfalls" in press in J. Geophys. Res. (2010)
(pdf available here: http://www-lgit.obs.ujf-grenoble.fr/ ahelmste/PAP/sechi.pdf



1.3.3 Digital image correlation and deformation processes (HUT):

Understanding non-linearities and triggering in materials requires tools that yield empirical infor-
mation beyond the average sample response (rheology, stress-strain curves and so forth). Re-
cently a few experimental techniques have become relevant for this purpose, ranging from spec-
troscopy â �AŞbased ones to tomography to digital image analysis. During the TRIGS-project we
have worked on several approaches of Digital Image Correlation (DIC) and its applications to stud-
ies of paper and other materials. The DIC method is based on solving an inverse problem, which
yields from image data a deformation �eld that describes the changes of a sample from one in-
stant of time to the �nal one. Using such �elds allows one to lo ok at �uctuations and non-linearity
(non-af�ne deformations being one) during experiments. We have done several studies of trigger-
ing (single crack propagation dynamics as an external in�ue nce is changed), and of phenomena
related to rate-dependent fracture/deformation such as creep, fatigue, and sample relaxation af-
ter load application. The basic questions asked are i) the dynamics of the sample response â �AŞ
for which the DIC provides strain data with an excellent accuracy â �AŞ and ii) the magnitude and
statistics of local strain and strain-rate �uctuations. Th ese can then be compared with models,
when appropriate or when such exist which is not always a case. One can study Fracture Pro-
cess Zone-related questions in single crack propagation â �AŞ as paper is a hydrophilic material
applying a humidity transient will change its rhseology. The main theme is the measurement of
the effective crack length which can be done based on the strain �elds measured by DIC; and by
an optical detection method. These two measures obey different dynamics, which shows that the
FPZ has an important role in the process, contrary to some ideas in the literature. In both cases,
one observes a delayed effect from the environmental change â �AŞ the viscoplastic character of
the material at hand delays the response, or the eventual acceleration of the crack velocity. Below,
the Figure shows an example of how DIC works. In this case, markers along a single �ber â �AŞ
the structural object in paper â �AŞ are followed during deformation. Published in M. Mustalahti, J.
Rosti, J. Koivisto, and M.J. Alava, Relaxation of creep strain in paper, submitted for publication in
Physical Review E. (2009); J. Rosti et al., Fluctuations and scaling in creep deformation, submitted
for publication in Physical Review Letters; J. Koivisto, J. Rosti, M. Alava, and L. Salminen, Fiber de-
formation during creep experiments, Fundamental Research Communications, FRS 2009, Oxford
(4 pp.); J. Koivisto et al., Digital image correlation and acoustic emission studies of creep fracture,
12th International Conference on Fracture, proceedings (Ottawa, Canada), 2010.

1.3.4 Fiber bundle model for snow failure (WSL/SLF)

: We have developed a �bre bundle model to simulate the failur e of a weak snow layer. The
model consists of �bres, representing single snow grains, b etween two rigid plates which repre-
sent the slab above and the substratum below the weak layer. The �bres deform in a linear elastic
manner and break instantly at their rupture strength. Broken �bres may sinter (re-bond) and re-
gain strength after a �nite sintering time. Although the sno w microstructure is only represented
crudely, the ductile-to-brittle transition, which snow exhibits with increasing strain rate, was repro-
duced by introducing different time scales for breaking and sintering of single �bres. The modelled
stress-strain curves were in good agreement with experimental data from direct simple shear tests.
Dry-snow slab avalanches initiate from a failure in a weak snow layer below a cohesive slab. Snow
is considered as a porous ice structure, and the strength distribution of the single elements of this
structure, i.e. grains and bonds between grains, shows a high degree of disorder. On the bond
or microstructural level, the failure process is believed to start if the fracturing of bonds between
snow grains is not balanced by the formation of new bonds. We use a statistical fracture model
â �AŞ a �bre bundle model â �AŞ to study the failure process in a weak snow layer. The model con-
sists of �bres of various strengths representing single sno w grains between two rigid plates which
represent the slab above and the substratum below the weak layer. The �bres deform in a linear
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Figure 1.3: An example of following three �bers on paper surf ace via the DIC during creep de-
formation. One computes via the method a deformation �eld, f rom which one can interpolate the
displacements of the markers (red) to the image counter points (blue). The �ber on the left is
mostly parallel to the stress/straining direction and thus does not deform much.

elastic manner and break instantly at their rupture strength. Broken �bres may sinter (re-bond)
and regain strength after a �nite sintering time. We show tha t the different characteristic times for
breaking and sintering lead to the rate dependence of snow strength. This is, to our knowledge,
the �rst statistical model to reproduce the ductile-to-bri ttle transition which snow exhibits with in-
creasing strain rate. When the model is applied to simulate experimental stressâ �AŞstrain curves
for different strain rates, the model and experimental results are in fair agreement. Published in
Reiweger, I., Schweizer, J., Dual, J. and Herrmann, H.J., 2009. Modelling snow failure with a �ber
bundle model. J. Glaciol., 55(194): 997-1002.

Figure 1.4: Schematic of a mixed-mode anticrack cutting through a weak subsurface layer of snow
(not to scale). (A) Anticrack nucleus. (B) Unconstrained anticrack. (C) Constrained anticrack: The
opposing faces make contact. (D) Schematic of �eld experime nt with an arti�cial notch cut into the
weak layer on the uphill side. The crack or cut becomes critical for r > r c and debonds the slab
as it propagates. c
 Science

1.3.5 The triggering of snow avalanches (UEDIN):

Snow slab avalanches are believed to begin by the gravity-driven shear failure of weak layers in
strati�ed snow. The critical crack length for shear crack pr opagation along such layers should in-
crease without bound as the slope decreases. However, recent experiments show that the critical



length of arti�cially introduced cracks remains constant o r, if anything, slightly decreases with de-
creasing slope. This surprising observation can be understood in terms of volumetric collapse of
the weak layer during failure, resulting in the formation and propagation of mixed-mode anticracks,
which are driven simultaneously by slope-parallel and slope-normal components of gravity. Such
fractures may propagate even if crack-face friction impedes downhill sliding of the snowpack, indi-
cating a scenario in which two separate conditions have to be met for slab avalanche release. This
work was published in J. Heierli, P. Gumbsch and M. Zaiser, "Anticrack nucleation as triggering
mechanism for snow slab avalanches", Science 321, 240-243 (2008).

1.3.6 Afterslip and aftershocks in the rate-and-state friction law (UJF):

We study how a stress perturbation generated by a mainshock affects a fault obeying the rate-
state friction law, using a simple slider-block system. Depending on the model parameters and on
the initial stress, the fault exhibits aftershocks, slow earthquakes, or decaying afterslip. We found
several regimes with slip rate decaying as a power-law of time, with different characteristic times
and exponents. The behavior of the rate-state friction law is thus far more complex than described
by the "steady-state" approximation frequently used to �t a fterslip data. The fault reaches steady-
state only at very large times, when slip rate has decreased to the tectonic loading rate. The
complexity of the model makes it unrealistic to invert for the friction law parameters from afterslip
data. We modeled afterslip measurements for 3 earthquakes using the complete rate-and-state
law, and found a huge variety of model parameters that can �t t he data. In particular, it is impossible
to distinguish the stable velocity strengthening regime (A > B ) from the (potentially) unstable
velocity weakening regime (A < B ). Therefore, it is not necessary to involve small scale spatial
or temporal �uctuations of friction parameters A or B in order to explain the transition between
stable sliding and seismic slip. In addition to B=A and stiffness, the fault behavior is strongly
controlled by stress levels following an event. Stress heterogeneity can thus explain part of the
variety of postseismic behaviors observed in nature. Afterslip induces a progressive reloading of
faults that are not slipping, which can trigger aftershocks. Using the relation between stress and
seismicity derived from the rate-and-state friction law, we estimate the aftershock rate triggered
by co- and postseismic slip. Aftershock rate does not simply scale with stress rate, but exhibits
different characteristic times and sometimes a different power-law exponent. Afterslip is thus a
possible candidate to explain observations of aftershock rate decaying as a power-law of time
with an Omori exponent that can be either smaller or larger than 1. Progressive unloading due
to afterslip can also produce delayed seismic quiescence. Published in Helmstetter, A., and B. E.
Shaw, "Afterslip and aftershocks in the rate-and-state friction law", J. Geophys. Res. 114, B01308
(2009)

1.3.7 Fracture size effects in disordered media (HUT, CNR):

We have studied the sample size dependence of the strength of disordered materials with a �aw,
by numerical simulations of lattice models for fracture. We found a crossover between a regime
controlled by the �uctuations due to disorder and another co ntrolled by stress-concentrations, ruled
by continuum fracture mechanics. The results are formulated in terms of a scaling law involving a
statistical fracture process zone. Its existence and scaling properties are only revealed by sampling
over many con�gurations of the disorder. The scaling law is i n good agreement with experimental
results obtained from notched paper samples. Published in M. J. Alava, P. K. V. V. Nukala and
S. Zapperi, "Role of disorder in the size scaling of materials strengthâ �A�I, Phys. Rev. Lett. 100,
0555502 (2008)
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Figure 1.5: A selection of different types of signals. (a) Seismograms recorded for channel 0
of station THE, and (b) zoom for a window of 5 seconds around the peak of amplitude. The
maximum amplitude (in counts) is given in the upper-right corner of each plot. (c) Spectrograms
(log amplitude scale) averaged over all vertical channels of station THE. Dots indicate the start and
end of each event.



Figure 1.6: The damage (fraction of failed elements or fuses) at maximum stress. The black
markers illustrate the broken fuses in one single, randomly chosen sample whereas the color
background represents the damage averaged over N = 2000 number of samples. The colour
code indicates the intensity of damage. A damage cloud that increases in density is clearly visible
close to the initial notch. The �gure demonstrates the scree ning of damage due to free crack
faces. It is clear that in the disordered samples, FPZ is a statistical zone, visible only when damage
pro�les are averaged over many samples.

1.3.8 Friction suppression by mechanical vibration (CNR):

Mechanical vibrations are known to affect frictional sliding and the associated stick-slip patterns
causing sometimes a drastic reduction of the friction force. This issue is relevant for applications in
nanotribology and to understand earthquake triggering by small dynamic perturbations. We study
the dynamics of repulsive particles con�ned between a horiz ontally driven top plate and a vertically
oscillating bottom plate. Our numerical results show a suppression of the high dissipative stick-slip
regime in a well de�ned range of frequencies that depends on t he vibrating amplitude, the normal
applied load, the system inertia and the damping constant. We propose a theoretical explanation
of the numerical results and derive a phase diagram indicating the region of parameter space
where friction is suppressed. Published in R. Capozza, A. Vanossi, A. Vezzani and S. Zapperi,
"Suppression of friction by mechanical vibration", Phys. Rev. Lett. 103, 085502 (2009)

1.3.9 Measurement of crack-face friction in collapsed weak snow lay ers (WSL/SLF)

Using a high speed camera we have performed detailed �eld mea surements on fracture propaga-
tion in weak snowpack layers using a newly developed �eld tes t. Furthermore, we have performed
�eld measurements on crack face friction of freshly fractur ed weak layers. We analyze the fric-
tional contact forces during and immediately after the collapse of a weak snowpack layer, when
the sliding plane consists of the freshly collapsed and crushed, but not yet eroded granular debris
of the weak layer. The results from thirty-four �eld experim ents show that frictional contact forces
per unit area are on the order of 0.6 times the normal stress, equivalent to a friction angle close
to 30 degrees. The measurements show that there is a transient, sharp drop in the coef�cient of
friction during the collapse of the weak layer and relatively constant values afterwards. One impli-
cation of our �ndings is that the minimum angle for avalanche release does not depend on shear
strength, as commonly thought, but results from crack-face friction which comes into play only as
the fracture through the weak layer is already propagating. Published in van Herwijnen, A. and
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Heierli, J., 2009. Geophys. Res. Lett., 36(23): L23502, doi:10.1029/2009GL040389.

Figure 1.7: Setup for measuring fracture propagation through weak snowpack layer in the �eld
using a high speed video camera (Photo: J. Schweizer/SLF).

1.3.10 Acoustic Emission spectra classi�cation from rock samples of Et na basalt
in deformation-decompression laboratory experiments (INGV)

Recent laboratory experiments on Etna basalt have permitted the generation of an extensive cat-
alogue of acoustic emissions (AE) during two key experimental phases. Firstly, AE have been
generated during triaxial compressional tests and formation of a complex fracture/damage zone.
Secondly, rapid �uid decompression through the damage/she ar zone after failure. We report new
results from an advanced analysis method using AE spectrograms, allowing us to qualitatively
identify high and low frequency events; essentially comparable to seismicity in volcanic areas. Our
analysis, for the �rst time, quantitatively classi�es â �AŸfamiliesâ �AŹ of AE events belonging to the
same experimental stage without prior knowledge. We then test the method using the AE cata-
logue for veri�cation, which is not possible with �eld data. FFT spectra, obtained from AE, are
subdivided into equal log intervals for which a local slope is calculated. Factor analysis has been
then applied, in which we use a data matrix of columns representing the variables considered (fre-
quency data averaged in bins) vs. rows indicating each AE data set. Factor analysis shows that
the method is very effective and suitable for reducing data complexity, allowing distinct factors to
be obtained. We conclude that most of the data variance (information content) can be well rep-
resented by three factors only, each one representing a well de�ned frequency range. Through
the factor scores it is possible to represent data in a lower dimension factor space. Classi�cation
is then possible by identifying clusters of AE belonging to the same experimental stage. This al-
lows us to propose a deformation/decompression interpretation based solely on the AE frequency
analysis and to identify a third type of AE related to �uid mov ements in the deformation stage. De
Rubeis V., Vinciguerra S., Tosi P., Sbarra P., Benson P.M. to be published.

1.3.11 Earthquake clustering (INGV)

We have developed a study of the earthquakes clustering and rate decay, proposing an exten-
sion of the de�nition of a sequence by the introduction of spa ce-time constrains. We used �ve
different seismic catalogues, characterized by speci�c sp atial and magnitude ranges. They were
respectively: world one, for a global analysis, Greek, Japanese, Californian and Italian regional
catalogues in order to investigate different seismo-tectonic settings. A stacking procedure has



been applied to characterize a typical sequence behavior and allowing the evaluation of changes
over time intervals (� ) and distances (r ) from the main shock. The resulting decay rate p(�; r ) has
shown values comparable to the well known modi�ed Omori law a t small distances and inside spe-
ci�c time ranges. It was then possible to de�ne sequences int o a particular spatial range varying in
time and reaching a maximum distance of 50-100 km. In the �rst time period (until 10-20 days) the
slope p resulted to be smaller (p < 1) before reaching the typical sequence value. After a period
of hundreds of days the typical Omori p values disappear in favor of little or not decay. This hap-
pened in conjunction with the disappearing of differences in function of distance. We interpreted
this as a closing of the typical sequence period. Interestingly sequences maintained time clus-
tering longer than the sequence end indicated by the stacked Omori law results. Time clustering
evidences that the in�uence of the parent shock is still pres ent even if seismicity is at background
rate. This method could thus be used to detect seismic shadows after the end of the sequence.
The space-time analysis of seismic sequences, allowed by stacking of seismicity and considering
every event as mainshock, showed a more detailed analysis of seismicity under triggering effects:
results were in agreement with standard analysis of sequences and added a deeper insight to
the topic. In�uence area of seismic activity, related to a ma inshock, is dynamically sized, giving
further constrains to sequence modeling. To be published in Stacked analysis of earthquake se-
quences: statistical space-time de�nition of clustering a nd Omori law behavior Tosi P., De Rubeis
V. and Sbarra P. “Synchronization and Triggering: from fracture to earthquake processes,” Valerio
De Rubeis, Zbigniew Czechowski and Roman Teisseyre Editors.
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Figure 1.8: Seismic catalogues used to analyze earthquake data. They are respectively: a) Global
CMT (Centroid Moment Tensor, Harvard). January 1980 - December 2004, 13268 events. b)
Greece (Geophysical Laboratory, University of Thessaloniki). January 1964 - September 2007,
5865 events. c) Japan (selection of USGS NEIC catalogue). January 1980 - October 2008, 6698
events. d) South California (Southern California Earthquake Center, relocated by Shearer et al.,
2005 January 1984 - December 2002, 23576 events. e) Italy (INGV CSI 1981-2002 and ISIDE
2002-2009), January 1988 - May 2009, 11860 events.



Chapter 2

Dissemination and use

2.1 Dissemination strategy

The �rst step of the dissemination plan involved the prepara tion and publication of a brief project
presentation in English accessible to the non-specialist, avoiding technical language, mathemat-
ical formulas, and acronyms as much as possible. This document was published via the WWW
(http://www.trigs.eu/wp-content/themes/greenflower-1 0/PDFs/brochure_trigs.pdf )and
forms a platform for introducing the research done in the project to the general press from a pop-
ular science viewpoint. Next, a white paper has been written, providing a more techincal reader
with details on the project, it's raison d'être, starting points, methods and goals. The white paper
is available at http://www.trigs.eu/wp-content/whitepaper.pdf . Finally, we advertised the
results of TRIGS activities in Public Service-European Union, Issue 18, September 2009.

TRIGS has been quite successful in its dissemination activities during this �rst period, count-
ing 91 international publications. Also, conference presentations number 164 between posters
and seminars. TRIGS participants have organised or contributed to the organisation of 26 inter-
national conferences, including Statphys 23 (held in Genova in July 2007), perhaps the world's
biggest regular international meeting of statistical physicists and scientists. TRIGS has been fea-
tured in the mainstream media at least 26 times, ranging from newspaper articles to short TV
features. This includes a brochure published in the NEST-Path�nder May 2007 issue (available at
ftp://ftp.cordis.europa.eu/pub/nest/docs/2-nest-tac kling-290507.pdf ).

2.2 Exploitable knowledge and its use

This project has been designed from the ground up to be fundamental research. Therefore there
are no exploitable results.
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