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The high degree of human activities in urban environments produces large background
vibrations that makes it difficult to use data acquired in these areas for classical
seismology. Seismometers installed within cities have been typically been used for the
study of seismic hazard or for monitoring civil engineering problems. However, with
the development of monitoring techniques based on the interpretation of the so-called
seismic ambient noise, these data have gained scientific interest. Our objective is to
discuss an additional utility of seismometers deployed within a city; its use as a tool
to connect society with Earth sciences. Many citizen activities, from traffic to music
concerts, produce vibrations that can be recorded seismically, and our experience
shows that these records attract the attention of the media and social networks. With the
emergence of low-cost and easy-to-use instruments in recent years, more citizens can
now record ground motion and become interested in the interpretation of the recorded
seismograms. The installation of permanent seismic networks in educational centers has
proven to be a good approach to introduce students to Earth sciences at the national
level and can also be developed at the urban scale using this new instrumentation. In
this contribution we will first review the previous results related to the identification of
the sources of vibration in urban areas and then present a new ongoing project based
on the deployment of a seismic network in educational centers located in the city of
Barcelona.

Keywords: urban seismology, seismic ambient noise, secondary schools, sources of ground vibrations, subsoil
imaging

INTRODUCTION

The high degree of human activities in urban environments results in a large level of background
vibrations that often mask the arrival of seismic waves originated by earthquakes. Therefore,
classical seismology, based on the identification of such waves, is difficult to achieve in urban
environments. Most of the seismic recordings within cities are focused on refining the hazard
maps used for risk assessment, typically using techniques as the microtremor horizontal to
vertical spectral ratio to obtain the characteristic frequency of each site and hence characterize
the subsoil. With the emergence of monitoring techniques based on the interpretation of the
vibrations recorded in absence of earthquakes (Campillo and Paul, 2003), often referred as ambient
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noise, seismic records in noisy environments as cities have gained
scientific interest, although the applicability of these methods in
urban areas remains an open question.

In this contribution we will focus on a complementary use
of seismic deployments in urban environments, directly related
to the concept of “citizen science.” The idea is to involve the
secondary school community in the recording and interpretation
of seismic data acquired within cities. Previous results have
shown that many citizen activities produce vibrations that can
be recorded seismically, including traffic (Riahi and Gerstoft,
2015), subway systems (Sheen et al., 2009), music concerts (Green
and Bowers, 2008) or football games (Díaz et al., 2017). The
identification of the vibrations generated by this kind of sources
is useful to correctly interpret ambient noise data, but also to
attract the attention of mass media (journals, radio, TV) and
social networks and be used as a valuable tool for spreading
news related to seismology and, in general, Earth sciences to
the main public. The emergence of low cost seismic instruments
connected to the global network has resulted in a densification of
instruments installed in or near urban areas and the involvement
of a significant number of amateur seismologists. This new
community is an opportunity to create citizen seismological
networks whose results could be used for scientific purposes,
besides of attracting the interest of the youngest generation
toward seismological research. We will first review the sources
of ground vibration in urban areas and then present a new
ongoing project based on the deployment of a seismic network
in educational centers located in the city of Barcelona, that is
expected to provide more information on the identification of
such kind of sources.

CHARACTERIZATION OF THE SOURCES
OF BACKGROUND VIBRATIONS IN
URBAN ENVIRONMENTS

Since the early 2000s, several seismic networks have been
deployed with the aim of investigating the uppermost crust using
ambient seismic noise. Methods based on spatial autocorrelation
of seismic data (SPAC, e.g., Okada, 2006) or on the analysis of
the microtremor horizontal to vertical spectral ratio (MHVSR.
e.g., Molnar et al., 2018) are widely used for site characterization.
MHVSR is based on short-term recordings at multiple sites and
usually does not take into consideration the origin of the recorded
vibrations. In the last decades, seismic arrays acquiring data
for periods of several weeks to months have been deployed in
different cities. We can highlight the pioneering work carried
out in Bucharest, where around 30 stations were deployed in the
early 2000s to map the dominant sources of noise (Groos and
Ritter, 2009) and investigate the uppermost shear wave velocity
structure (Manea et al., 2016). A particular case is the deployment
of 5200 sensors spaced 100 m away in the city of Long Beach
(California, United States). The acquired data have proven that
high resolution shear velocity structure can be recovered using
ambient noise tomography in areas with high human activity
(Lin et al., 2013). With regard to noise sources, road traffic and
train transportation systems are the main contributors, although

other moving sources, as aircraft departing and landing have
also been identified (Riahi and Gerstoft, 2015). A recent work in
the Benevento city (S. Italy) using accelerometers, short period
and broad band stations has shown that the analysis of seismic
noise using a small aperture array is a valid tool for subsurface
characterization in urban areas even if using only a limited
number of stations (Vassallo et al., 2019).

The biggest source of vibrations in urban areas are the road
traffic and the train and subway transport systems. However,
several other sources, both from natural and anthropogenic
origin, are recorded regularly and their identification is often
possible based on the spectral properties of the signals. Figure 1
illustrates some examples of seismic signals recorded at different
stations located within the city of Barcelona. Figure 1A shows the
envelope of the vertical component of the seismic signal recorded
at a station installed in the Monestir of Pedralbes, a monastery
still in operation located at only 50 m of a subterranean section
of the Barcelona ring road. This site was operated during
one month to monitor the activity of this road as part of a
documentary for a television network. The figure shows the
vertical component of the seismic data, filtered between 8 and
12 Hz, during a period of 16 days (18th February–6th March
2017). Seismic energy at frequencies around 10 Hz is clearly
related to the road traffic activity, as shown by its temporal
changes in amplitude. Day/night and working day/week-end
variations are easily identified in the data. Rush hours during
business days appear in the morning and in the afternoon, but
also around noon, as a large number of schools are located near
this area and some of the students come back at home during
lunch time. Figure 2B shows an example of the second major
source of vibrations typically recorded within large cities, those
induced by subway transport systems. The image reproduces the
vertical component of the seismic record and the corresponding
spectrogram for the BAIN accelerometric station, part of the
ICGC network and installed in the center of Barcelona. The time
variations in amplitude follow narrowly the operating times of the
subway system, that runs between 5 am and 12 pm on business
days, between 5 am and 2 am on Fridays and the 24 h between
Saturdays and Sundays. The subway signal can be observed
between 2 and 100 Hz, with highest amplitude in the 20–50 Hz
band. Figure 1C shows an example of vibrations of natural origin
recorded within the city. The seismic data in the 4–9 Hz band
clearly shows the record of a short but heavy rainfall event
the 15th November 2018. Returning to vibrations of man-made
origin, Figure 1D presents the seismic signal recorded during
the passage of the Barcelona marathon runners near the ICJA
seismic station. The energy is concentrated in a narrow frequency
band around 2.8 Hz, equivalent to 170 steps per minute, a typical
pace for marathon runners. A careful inspection of the data
shows that the first runners follow a higher pace than the rest
of participants, as expected for sport events mixing professional
and popular runners. Finally, Figure 1E shows a particular type of
vibration recorded at the ICJA station, located at about 500 m of
the FC Barcelona football stadium. The celebration of Barça fans
after Messi’s goals during a Champions League match between
FC Barcelona and Liverpool FC are clearly recorded on the
seismometer, spanning the seismic spectra between 2 and 7 Hz.
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FIGURE 1 | Examples of non-tectonic seismic signals recorded in urban environments. (A) Envelope of the vertical seismic component at a site close to the
Barcelona ring road, filtered between 4 and 12 Hz and decimated to six samples per hour. Red and gray bars show week-end and business days
(18/2/2017–6/3/2017). (B) Vertical component and spectrogram for the CA.BAIN accelerometric station, installed in central Barcelona, showing the activity of the
subway system. Week-end days are marked by red bars (1/11/2018–16/11/2018). (C) Seismic data (filtered between 4 and 8 Hz) and spectrogram recorded at
CA.ICJA during a heavy rainfall event the 15/11/2018. (D) Seismic record (filtered between 2.4 and 3.4 Hz) and spectrogram of the passage of the Barcelona
Marathon runners near the CA.ICJA seismic station (11/3/2018). (E) Seismic record at the CA.ICJA station during the FCB-Liverpool Champions League match
(1/5/2019), showing the shaking generated by the supporters celebration of Messi’s goals.
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FIGURE 2 | Deployment of seismic stations in secondary schools. (A) Map view of the seismic stations deployed in secondary schools within the Barcelona area.
Red dots show the newly deployed stations, while light and dark green dots show the available broad-band and accelerometric stations. (B) Example of seismic
records in a secondary school in Barcelona (1 h per line) clearly showing the day/night variations and the scholar activity pattern; red dashed boxes show the
5 min-long periods of larger noise observed every hour during classroom changes. The upper side panel shows an example of the seismic alerts that can be
received by the students using mobile phone apps, while the lower side panel illustrates the dissemination talks given in schools.
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The identification of the noise sources and their spatial
distribution is of great interest to correctly process and
interpret the ambient noise data. The seismic waves generated
by these sources travel through the shallow subsoil and,
depending on their characteristics, can be used with different
analysis techniques to study the seismic structure beneath
pavements and buildings.

THE ROLE OF CITY EDUCATIONAL
SEISMIC NETWORKS

Seismic networks installed in educational centers have been
developed throughout the world during the last decades.
Some of the most successful examples are the different
educational networks integrated in the project “Seismographs in
school,” promoted by the Incorporated Research Institutions for
Seismology (IRIS) in the United States1, the United Kingdom
“Schools Seismology Network” administered by the British
Geological Survey2, the Australian AuSIS network3, the french
“Sismo à l’école” projects4 or the “Seismology in Schools” project
managed by the Dublin Institute for Advanced Studies (DIAS) in
Ireland5. These initatives have proven to be useful for connecting
the students to Earth sciences, in particular in regions with
moderate levels of seismic activity (e.g., Courboulex et al., 2012;
Balfour et al., 2014). Data from some of these networks are
nowadays distributed through the FDSNW service following the
same protocol than for scientific networks.

In this contribution we want to present a new initiative carried
out in Spain as part of a research project founded by the Spanish
Ministry of Science, Research and Innovation. This network,
installed during November 2019, has the particularity of having
a high resolution scale, since it covers an area of approximately
10 km2 within the city of Barcelona with 14 temporary stations
and integrating the five permanent sites already on duty. Twelve
of the temporary sites have been installed in the premises of
secondary schools, seeking to involve educational centers in the
city to participate in the project. In return, students in those
centers will be trained in the use of seismic instruments and the
first analysis of the data. The objective is to close the gap between
educational and research objectives, as the project aims to
promote the knowledge on seismology and Earth Science among
secondary school students, but also acquire data of scientific
interest to investigate the feasibility of ambient noise studies
in urban environments. The same project includes also the
deployment of broad-band stations and high-resolution nodes in
the eastern Pyrenees, to analyze the subsoil with similar methods
but in a calmer environment.

Figure 2A shows a map view of the seismic stations that
have been deployed in Barcelona. Red dots mark the new
stations, while light and dark green dots show the available

1https://www.iris.edu/hq/sis
2http://www.bgs.ac.uk/schoolSeismology/
3https://auspass.edu.au/networks/ausis.html
4http://edumed.unice.fr
5https://www.dias.ie/sis/

broad-band and accelerometric stations. The geometry of the
network has been chosen to sample the main geological
units of the Barcelona area. The network, expected to remain
operative until the summer 2020, benefits from both professional
three component short period instruments and one-component
RaspberryShake (RS) seismometers equipped with 4.5 Hz6. It
is planned that both kind of instruments will cover each
site in different time periods to benefit from their respective
advantages. Professional seismometers provide high quality data,
but are difficult to be accessed in real time due to limitations
in internet connectivity implemented in most educational
centers for security reasons. The RS instruments have been
designed to avoid these problems by transmitting the recorded
data to an external data management center, an approach
that makes easier the data collection for scientific objectives.
However, as the data are sent through the network, they
are more likely to contain gaps that can make it difficult
to apply seismic methods based on the analysis of ambient
seismic noise. It can be noted that RS instruments have been
compared with geophones in field experiments with good results
(Anthony et al., 2018).

With respect to the educational objectives of the project, the
underlying idea is to use of the fascination power of earthquakes
to introduce students in Earth Sciences and stimulate their
motivation to continue learning using the multiple tools available
online. Our experience shows that students are attracted to
directly see how the waves from distant earthquakes shake the
school building in a detectable way, a fact that seems obvious to
Earth scientists, but that is surprising to people without training
in this field. More generally, students will be introduced to the
development of a research project, from its initial planning to the
final presentation of the obtained results.

During the deployment of the seismometer in the secondary
schools, an introductory talk is given to the students (Figure 2B),
with the main objective of increasing their curiosity about issues
related to seismology and, in particular, how seismic waves are
recorded and what information can be retrieved from their study.
The research team has a long tradition in dissemination projects,
because since 2009 it has been regularly offering a workshop
named “Looking for Earthquakes” to secondary schools in and
around Barcelona. This introductory talk is complemented in
this case by a hands-on session in which the data acquired in
each school are inspected. Students first notice the day/night
and business day/weekend variations of the background noise,
as well as the noise variations directly related to the scholar
activity; e.g., the intervals of about 5 min of higher amplitude
correspond to the classroom changes that students usually make
every hour (Figure 2B). These observations can be used to
develop students’ abilities to read and interpret graphs, propose
hypotheses to explain the data and seek additional information
to validate or not the hypothesis. Students can also investigate
aspects directly related to Earth sciences, as the distribution
and rate of occurrence of earthquakes, their relationship with
plate tectonics, the concepts of intensity and magnitude and the
aspects related to seismic hazards, all of them elements included

6https://raspberryshake.org/products/raspberry-shake-1d/
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in the official curricula. The students are invited to use phone
apps as EqInfo7, which allow them to track in real time seismic
detections in the network stations (Figure 2B). The research
team will support the centers most committed to the project
with guidance and appropriate software tools so that students can
locate earthquakes and study the propagation of seismic waves.

The degree of involvement of each school will vary
depending on their respective pedagogical plans. For example,
the installation of the seismic network can be used to implement
transversal educational projects that involve not only the
natural sciences, but also physics, technology, and even social
sciences. Seismometers can be used to study the pendulum laws,
electromagnetic induction, elastic wave propagation or frequency
analyses. The network can also be a motivation to develop
technological projects with the objective of designing in-house
seismometers based in existent and affordable elements and to
develop programing exercises for processing the recorded data.
Finally, aspects related to social sciences, including the economic
aspects of seismic risk or the historical interest of the most
reputed philosophers in the origin of earthquakes and the Earth
internal structure can also be addressed. The scientific team
will provide support to the centers that decide to carry out this
type of initiatives.

With respect to the scientific objective of the Barcelona
scholar seismic network, the acquired data will be first used
to map in detail the sources of vibrations around the city,
an information that is relevant to check its applicability for
tomographic investigations (e.g., Yang and Ritzwoller, 2008). The
data will be used to verify and expand the MHVSR studies already
available in the Barcelona zone (Cadet et al., 2011 and references
therein). Having continuous records for several months will make
it possible to verify whether temporal variations in background
noise can affect the MHVSR measurements. Salinas et al. (2014)
have already pointed that f0 resonance peaks retrieved from
MHVSR studies can vary strongly between very close sites and
Macau et al. (2015) have also observed that some locations
in the Barcelona conurbation present two HVSR peaks, which
makes it difficult to determine what the representative value for
engineering studies is.

Finally, we plan to use also the data to test the applicability
of the methods based on Rayleigh wave ellipticity inversion
(e.g., Berbellini et al., 2019) and ambient noise tomography (e.g.,
Nuñez et al., 2019) in an urban environment. Since the noise
tomography approach relies on a diffusive noise wave field, that
is, without directivity, it is not clear whether or how well it can
be used in an active environment such as Barcelona. However,
the characterization of the sources discussed previously may help
to select appropriate time windows and hence allow to extract
inter-station surface wave Green’s functions as required for the
tomographic images of the shallow structure beneath Barcelona.
Although the viability of such approaches is medium/low, if the
data allows to obtain tomographic images on the subsurface
levels below a city, this will have a high impact in hazard and
risk assessment. Therefore, this task can be considered as a high
risk/high impact study.

7https://www.gempa.de/news/?t=EQInfo

CONCLUDING REMARKS

Although the most obvious way to involve citizen to Earth
sciences is to share information about the local effects of
natural seismicity, other forms of involvement can be explored.
We propose here to focus the attention on secondary schools
students by installing seismometers in their centers and involve
the students in their management, with the ultimate goal of
developing their curiosity about the sources of the recorded
vibrations and, in general, providing hypotheses to explain data.

We are convinced that this can be a positive approach
to increase the interest of society toward Earth sciences, in
particular in countries not often affected by large earthquakes.
The presence of Earth sciences in the curricula of secondary
education has been decreasing in recent years in Spain and
we believe it is urgent to promote actions to attract students’
attention to this field.

Our experience has shown that we can have a relatively
high impact on social networks (Twitter, Facebook, Instagram)
and mass media by unraveling and making the public aware
that seismic sensors can detect activities such as traffic, subway
trains or citizen activities as football games, music concerts or
fireworks. We believe that attracting the attention of the public
is of maximum interest for the future of our research field.

In addition to these aspects related to dissemination, we expect
that data obtained by citizen networks installed in educational
centers within the city of Barcelona can be useful from a
scientific point of view, as the characterization of the sources
of background vibrations in urban environments is of great
interest to study the seismic structure beneath pavements and
buildings using ambient noise data and hence make possible a
better imaging of the geology beneath the city and an improving
of the available seismic hazard maps.
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