Impact Objectives
• Structure the EU seismological community to enable development of data-intensive, time-dependent
techniques for monitoring Earth’s active processes as well as oil/gas reservoirs
• Network European laboratories in academia and industry to train the next generation of scientists
• Facilitate the exploitation of massive datasets collected by European observational infrastructures
• Strengthen Europe’s role in a critical field for natural hazards and natural resource management

Time for change
Drs Céline Hadziioannou and Andrea Morelli and Professor Chris Bean are involved in a project that
is looking into the time-dependent changes of the Earth’s properties. Below, they discuss its implications
for the future of seismology research

Could you give an insight into the
importance of the TIme DEpendent
Seismology (TIDES) COST Action?
CB: The TIDES COST Action has given
us an excellent opportunity to build new
networks of scientists working on timedependent solid Earth processes that
change on timescales from hours to years.
COST Actions are extremely impactful
in terms of outcomes versus investment
as they leverage new ideas and network
collaborations across groupings that are
already funded to undertake specific work in
their own laboratories.
Historically, what has been the thinking
behind detecting and measuring changes in
the natural environment?
CB: Ever since Earth scientists were able to
obtain good quality images of the interior
of the Earth we have also pondered the
best ways to detect and measure changes
in the natural environment as they occur.
For example, how does the Earth’s crust
readjust/heal after an earthquake occurs?
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What time-changing processes are ongoing
beneath an active volcano or a glacier?
Industry has used techniques to monitor
reservoirs for a long time, but using active
sources. Such sources, for example high
pressure air guns, explosions or vibrator
trucks, are expensive and represent a
considerable logistical effort.

programme. Tools and software are also
publicised and demonstrated in practical
classes: both schools so far include handson practical sessions where applications to
real cases are illustrated. We feel that active
attendance at such schools provides real
occasions to learn the details, and not only
to see exciting and motivating results.

How is TIDES different?

Who are the key audiences for the project
outcomes?

CH: Using methods which have emerged in
the last decade, we can now use background
seismic energy, scattered in the Earth that is
continuously recorded by our sensors – and
was previously discarded – to monitor timevarying processes in the environment. These
background signals are often generated by
natural phenomena, such as the oceans
interacting with the solid Earth and are a
potential game changer for the discipline.
Can you tell us about the involvement of
young researchers in TIDES?
AM: The first TIDES joint training school/
working groups meeting involved about
100 participants from 19 countries. TIDES
supported about a dozen short-term
scientific missions of young researchers
to host laboratories. We are looking at a
similar, or slightly increased, participation in
the upcoming second training school.
What do the training schools entail?
AM: Our training schools involve the
best specialists in the field, who agree to
contribute with lectures in a coordinated

AM: Possible audiences for the
developments coming out of TIDES are at
different levels. The first is the scientific
community to which we belong. TIDES is
working on developments that will be of
interest to our colleagues, engaged like
us in imaging Earth properties and their
variations. As we expect methodological
developments, we feel that the entire
relevant community may benefit from our
results. A second level in our audience
will be network operators and industry.
We envisage that some guidelines for
better imaging will stem from our work,
and this is of interest both in academia
and, especially, industry. The third level
reaches stakeholders at the civil protection
and government levels: monitoring
temporal changes in the solid Earth
system is a necessary prelude to better
hazard estimations.

Progress through unity
TIDES is a COST Action project that is uniting the expertise of the European seismology research
community. In so doing, it will facilitate the development of new techniques for monitoring Earth
processes such as earthquakes, volcanic eruptions, or landslides

Despite numerous advances in Earth
science, the planet remains somewhat of
a mystery – a powerful mystery at that. For
example, destructive phenomena such as
earthquakes have ravaged communities
for millennia and will continue to do so
indefinitely. In fact, thousands of earthquakes
occur every day around the world, in the form
of small tremors. While humankind cannot
prevent or counteract these natural events,
it is possible to reduce loss of life through
emergency planning, education and the
construction of ‘safe’ buildings. However,
in spite of decades of research, we do not
have a detailed knowledge of the earthquake
process, and of what happens to the rocks
before, during, and after such an event.
For decades, Earth scientists have sought
to develop the most accurate and reliable
methods for detecting and measuring
changes in the natural environment, in order
to understand and map the evolution of
natural or human-generated processes such
as earthquakes, volcanoes, reservoirs. Today
these methods are more sophisticated than
ever before, enabling scientists to paint a
more vivid picture of events and implement
plans. One method in particular makes
use of background seismic energy that is
ever-present is scattered in the Earth, as
ambient noise. Sensors pick up this energy,
which can be generated by a variety of
natural phenomena.
Through seismology, researchers seek to
make use of the full-length records of seismic
events, and this background ambient noise.
The idea is to go beyond still-life images
of the interior of the Earth, and look into
time-dependent changes of its properties.

A COST Action entitled TIme DEpendent
Seismology (TIDES) is exploring this and
much, much more.
NEW TECHNIQUES
Dr Andrea Morelli, based at the Italian
National Institute of Geophysics and
Volcanology, is Chair of the TIDES COST
Action. He explains why still-Earth images
only offer so much potential and how
seismology may fill a gap: ‘Time invariant
“static” images of the Earth do not capture
the dynamic nature of the planet. Mapping
time variations in critical Earth environments
represents a significant evolution in imaging
capabilities using seismology, and will
be of great importance in the future.’ Dr
Céline Hadziioannou of the Department
of Earth and Environmental Sciences at
Ludwig Maximilians University, Munich,
and Professor Chris Bean of the Geophysics
Section, School of Cosmic Physics, Dublin
Institute for Advanced Studies, are also core
members of the team.
TIDES was organised through a range of
networking tools, and the ultimate goal is
to fulfil the Action’s objectives. As a COST
Action, the TIDES network is funded over a
four-year period and involves a large number
of COST countries; indeed, an impressive
25 countries have joined TIDES as formal
parties. The goal is to structure the European
seismological community to enable the
development of data-intensive, timedependent techniques for monitoring Earth
active processes. These include earthquakes,
volcanic eruptions, landslides and glacial
earthquakes. The project is also seeking to
monitor oil and gas reservoirs.

TRAINING OPPORTUNITIES
In addition to bringing together top-level
European laboratories in academia with
industry to combine complementary skills,
TIDES has a heavy focus on training the
next generation of scientists in the field and
promotes the mobility and secondments of
young scientists. ‘In TIDES, we stress the
training component, providing excellent
advanced training schools and opportunities
for secondments, primarily for younger
researchers,’ says Morelli. ‘We feel that
this is crucial for an emerging field like
time-dependent seismology, which will
be very important for the next generation
of scientists.’
The project is doing this through a series
of workshops and advanced schools. The
second TIDES Training School took place
in Sesimbra, Portugal, on 19–23 September.
The goal of this training school was to
improve knowledge of seismic ambient
noise generation, wave propagation and
scattering, and their applications to imaging
Earth structure.
DELVING DEEPER
The growth of seismographic networks and
data centres has meant that data availability
has considerably improved, thereby paving
the way for more accurate and detailed
analyses. Additionally, new modelling
techniques have been created, which are
enabling the information contained in the
data to be more thoroughly explored.
Data availability is particularly important to
TIDES because traditionally this has been the
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Mapping properties of the Earth is an even more data-hungry endeavour and the recent
breakthrough in using continuous ‘ambient noise’ seismic data, between earthquakes
records, is a real game changer

limiting factor in modelling seismic events,
as Morelli explains: ‘Monitoring of seismic
events is based on reliable technology today,
but it is still limited by data availability.
Mapping properties of the Earth is an even
more data-hungry endeavour and the recent
breakthrough in using continuous ‘ambient
noise’ seismic data, between earthquakes
records, is a real game changer.’ Therefore,
if TIDES can enhance the collection and
analysis of continuous data, it can make
tangible headway in monitoring changes in
Earth properties.
BECOMING A LEADER IN THE FIELD
One of the key objectives of TIDES is to
strengthen Europe’s role in the field of
seismology, enabling it to function as a
leader in understanding natural hazards
and managing natural resources. Using
high-performance computing facilities,
TIDES is facilitating the exploitation of huge
datasets collected by European observational
infrastructures. The Action will complement
existing large-scale infrastructural projects
such as EPOS and SuperSites. It will
also promote new large-scale European
science initiatives.
Essentially, TIDES is setting out to achieve
the ability to model both full-length seismic
records and background seismic noise. This
will be achieved by using large infrastructures
and datasets, as well as high-performance
computing. Ultimately, this will mean that
the resolution of tomographic images can be
enhanced and the time dependence of Earth
properties can be accurately mapped.
TIDES comprises five Working Groups
(WGs), each focusing on different areas that
feed into one another in sequence. WG1 is
concerned with the workflow integration
of data and computing resources, WG2
concentrates on seismic interferometry and
ambient noise, WG3 on improving efficiency
of solution of forward problems, and WG4 on
tomographic techniques and the inversion of
full waveforms. WG5, meanwhile, is working
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on monitoring time-dependent parameters
and hazards in natural zones and oil/
gas reservoirs.
Bean explains how the WGs operate
organically and serve to facilitate
collaboration: ‘The Action structure reflects
the steps of a typical workflow, from
measurements, to data, theoretical or
numerical modelling, imaging and, finally,
application to natural hazard zones and
reservoirs. While the main topics of the
working groups represent separate steps,
most scientists are in fact involved in many,
or all of them.’
SPREADING THE WORD
When it comes to disseminating findings
and pertinent information, TIDES has a solid
plan in place. In terms of who the project
is targeting, the demographic includes
the scientific community, the geophysical
and environmental monitoring industry,
policy makers and public authorities, and
the general public. In order to disseminate
information to these four groups, TIDES is
employing a variety of measures, ranging
from symposia and presentations at
international conferences to dedicated
thematic journal issues, workshops
and newsletters.
Now in its second year, TIDES is still in
its infancy but is on track to fulfil its huge
potential. It has gained a significant number
of partners and has benefited from its annual
advanced training schools, which promote
networking and strengthen partnerships,
as Hadziioannou explains: ‘Not only is it
an excellent learning occasion, but also a
window to develop an understanding of
collaborative opportunities and academic life
in other countries.’ Looking ahead, TIDES
will continue expanding its network and
breaking down international barriers, while
simultaneously breaking down barriers in the
field of seismology.
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