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Abstract: Seismic Shake-e 2.0 (SSe) is a freeware app developed to divulge some relevant efforts performed
in the world to improve our capacity to resist the adverse effects that some earthquakes can eventually
produce. At the same time, SSe includes some tools for processing seismic ground motion data. SSe was one
of the apps selected in the EOVALUE call (Joint Research Center, 2019). One of the purposes of SSe is to
contribute to the holistic analysis of seismic risk. SSe has six modules for both basic and intermediate-
advanced users. For the basic users, the modules available are: a) Where usually do earthquakes occur? How
do we measure the features of earthquakes? b) What is a seismic record, and how can we process it? ¢) Why
is the seismic design of buildings so important? d) How do we assess the features of future earthquakes that
can occur in a region? e) What an Earthquake Early Warning System is? F) What services can be used to
verify in a short time damage triggered by a recent earthquake? Similarly, for the intermediate-advanced users,
the modules available are the following: a) Accelerometers Networks (AN); b) Seismograms Analyzer-e (SA-
e); ¢) Seismic Design of buildings (SDB); d) Earthquake Preparedness (EP); e) Earthquake Early Warning
Systems (EEWS) & Tsunami Warning Systems; f) Earthquake Emergency; Response & Recovery (EERR).
The main objectives in the AN module of SSe are the following: a) contributing to disseminating reliable
sources of information about accelerometers networks in the world and b) highlighting examples of
accelerometer networks in the world. SSe incorporates the Seismograms Analyzer-e module to analyze
accelerograms to obtain various earthquake engineering products (response spectra, etc.). The SDB module
includes a section with examples of seismic codes developed in the world. It contains examples of city,
national, and European codes to highlight how the efforts are performed at different administrative levels. The
EP module describes the information to consult or determine seismic hazards in regions. This module
highlights relevant projects and software oriented to these purposes as the GEM project and the R-CRISIS
software, respectively. The EEWS underlines successful Earthquake Early Warning Systems, as in the
Mexican case. Finally, the EERR module describes valuable services to attend emergencies and to contribute
to improving the response and recovery task. Mainly, it describes the Copernicus Emergency Management
Service.
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1 Seismic Shake-e

Seismic Shake-e is an app oriented to contribute to divulging relevant efforts developed in the world to improve
our capacity to resist the adverse effects of some earthquakes. SSe was one of the apps selected in the
EOVALUE call (Joint Research Center, 2019). SSe is an app that contains both information and tools. Figure
1 shows the main screen of Seismic Shake-e.
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Figure 1. The main screen of Seismic Shake-e

2 Essential elements of Seismic Shake-e
2.1. Intermediate and advanced options

Figure 2 shows the six modules that are available for the intermediate-advanced users of SSe: a)
Accelerometers Networks; b) Seismograms Analyzer-e (SA-e); ¢) Seismic Design of buildings; d) Earthquake
Preparedness; e) Earthquake Early Warning Systems & Tsunami Warning Systems; f) Earthquake
Emergency; Response & Recovery.
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Figure 2. The main screen of the modules for intermediate-advanced users of SSe

2.1.1. Accelerometer Networks

The main objectives in the AN module of SSe are the following: a) contributing to disseminating reliable
sources of information about accelerometers networks in the world, b) highlighting examples of accelerometer
networks in the world. For the purposes above, the AN module contains the links to the FDSN networks
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database (Suarez et al, 2008) and the European Station Book Portal (Orfeus Foundation, 2021). Additionally.
The AN module includes five examples of Accelerometer Networks. For each one of them, three data sources
are included: i) Original source, ii) Orfeus Data Center source, and iii) FDSN source. For instance, for the
Italian National Seismic Network (INSN), the original source allows opening the official site of the INSN, which
is a site that contains the original data of INSN. Initially, this site shows a map with the seismic stations of the
network and a list of each station. The site also indicates which are active stations and which are not. At the
same time, detailed data on each seismic station can be obtained on this site. The Orfeus Data Center source
also contains detailed information on the INSN, with some differences in the format used to show the data and
some distinctions in the shown data. For instance, for the INSN in the Original Source, the sample rate of each
sensor of the chosen seismic stations is shown. However, the Orfeus Data Center site also included the input
unit's name. Therefore, some of the data from these two sources are complementary information. Finally, the
FDSN source contains a summary of the Network selected.
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Figure 3. The main screen of the Accelerometer Networks module of SSe is for intermediate or advanced
users.

The information sources mentioned in the SS-e allow identifying the location of each network’s seismic station
and which seismic stations are in operation. This information is relevant because a problem that exists is the
fact that nowadays, there are regions in the world that do not have an accelerometer network. For instance,
even though there are important seismic networks in Mexico, at the same time, there are regions of the country
that do not have public seismic stations (SSN, 2021; RESNOM, 2021). The detailed information about the
examples of accelerometer networks included in SSe allows observe that some accelerometer networks have
seismic stations in different countries as the GEOFON (GE) network (Figure 2). This network has stations, for
instance, in Germany, Italy, Portugal, Chile, Argentina, etcetera (https://geofon.gfz-potsdam.de/). This type of
global accelerometers network is a possible option for accessing seismic records in some countries that do
not have their accelerometer network.

The first example included in Figure 2 of a digital seismograph network is the Italian National Seismic Network.
Three links are included from each of the five examples in the AN module: Orfeus Data Center, Original Source,
and FDSN source. In the case of the Italian Network, the FDSN source includes a summary of the networks
and the link to the original Italian source. In the Orfeus Data Center and the Original Source for the same case
of the Italian Network, it is possible to identify that the information of both sources is not the same. In fact,
there is complementary information in both sources. For instance, in both sources, there is a list of the available
seismic stations. However, the specific data about each seismic station have some differences. Specifically,
the Orfeus Data Center contains the type of input data of each station that is not mentioned in the summary of
each station in the Original Source. Therefore, in cases such as the Italian cases the information of the Orfeus
Data Center and the Original Source is complementary. For these types of reasons, the SSe includes these
three information sources.
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2.1.2. Seismograms Analyzer-e

The seismic records are fundamental data to learn about earthquakes. For this purpose, SSe incorporates a
module to analyze accelerograms. As a basic example, the SA-e module includes examples of seismic
records. However, it is also possible to analyze external seismic records.
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Figure 4. The main screen of the Seismograms Analyzer-e module of SSe is for intermediate or advanced
users.

2.1.3. Seismic design of buildings

This module includes a section with examples of seismic codes developed in the world (Figure 4). The module
includes city codes, national codes, and European codes to highlight how the efforts are performed at different
administrative levels. For instance, the module shows the reference of the seismic code of Mexico City, which
includes a website to compute the seismic actions that must be considered to design new buildings in this city.
The seismic provisions of Mexico City represent a valuable example of relevant results of a city in the
development of its seismic code. In this city, the seismic provisions have been incorporated since the building
code of 1942 year (Fajfar, 2018) until the current seismic code that was published in 2020 (NTCDS, 2020). As
a national seismic provision, SSe includes references to the cases of Spain (Ministerio de Fomento, 2009),
Italy (NTC, 2018), USA (FEMA, 2015a,b), Switzerland (SIA, 2003), and Colombia (NSR-10, 2010). Moreover,
as a regional code, SSe includes the case of the European Union, where there is a seismic code called
Eurocode 8 for the whole countries of the European Union. However, to consider the regional features as the
seismic hazard of each country, Nationally Determined Parameters (NDP) are required. Nowadays, only 63%
of the countries of the European Union have defined their Nationally Determined Parameters (Joint Research
Center, 2021). It is essential to consider that the Eurocode 8 was published in 1998. Therefore, the absence
of Nationally Determined Parameters (NDP) in some countries prevents the application of the Eurocode during
the seismic design of Buildings. Usually, in these last cases, they have been applying their national seismic
code. It is important to underline, for instance, that Italy has not determined the required parameter to apply
Eurocode 8 (Joint Research Center, 2021). However, as was mentioned previously, Italy has recently updated
its national seismic code (NTC, 2018).
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Figure 5. The main screen of the section on the Seismic Design of New Buildings is part of the Seismic
Design of Buildings module.
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Additionally, the Seismic Design of Buildings module includes a section related to the seismic codes for existing
buildings (Figure 5). It includes examples of codes of the USA (IEBC, 2018; ASCE/SEI 41-17, 2017) and New
Zealand (NZSEE, 2017). In this case, the inclusion of this section highlights the existence of this type of code
and the necessity of developing this class of code in more countries.
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In general, existing buildings have different levels of seismic resistance. A relevant factor to infer the level of seismic vulnerability of a building
is the knowledge of the seismic code that was used to design the building.

In some countries, particular codes have been developed to assess and retrofit existing buildings, some of these codes include seismic
provisions.

On the other hand. in some countries. different initiatives have been developed to identify and retrofitting buildings with the highest levels of
seismic risk. Special attention has been given to important buildings as hospitals and schools.
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Figure 6. The main screen of the section of seismic codes for existing buildings.

2.1.4. Earthquake Preparedness

The earthquake preparedness module underlines valuable information that has been developed in three
relevant aspects of seismic resilience: the seismic hazard, the seismic vulnerability, and the seismic risk
(Figure 6). In the seismic hazard section, a collection of two world maps and a European map developed in
different years are shown (Figure 7). These maps are an example of preparation for studying the probability
of occurrence of seismic intensities for a return period of 475 years. Different world maps of seismic hazard
have been published in the last years (Giardini et al, 2003; Ordaz et al, 2014; Pagani et al, 2018). SSe includes
two world maps of seismic hazard, which highlight the fact that we have available a reasonable assessment
of the seismic hazard in the world since several years ago. An affirmation can be confirmed by comparing the
world maps included in this section published in 1999 (Giardini et al, 2003) and 2018 (Pagani et al, 2018 ). At
the same time, these maps underline the importance of continuing to support research projects that have a
global interest as the GEM project (Pagani et al, 2018).
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Figure 7. The main screen of the Earthquake Preparedness module of SSe

The section on Seismic Hazard of this module of SSe shows examples of seismic hazard maps that are
frequently used to communicate the main results of seismic hazard. At the same time, this module has links
to different tools developed to analyze with more detail some of the seismic hazard maps computed. For
instance, it includes the link to the map viewer online of the GEM project (Pagani, 2018) and the map generator
of the GSHP project (GFZ, 2021). This last GSHP tool allows to generate seismic hazard maps for different
regions with different formats (PostScript, PDF, and JPEG), and it allows to download the data in ASCII format
to generate the map in external software (GFZ, 2021).
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Figure 8. The main screen of the seismic hazard section of the Earthquake preparedness module of SSe

The seismic vulnerability of buildings on an urban scale can be assessed with different methodologies (Calvi
et al, 2006; Kassem et al, 2020). For instance, some of these methodologies are known as the vulnerability
index methodologies (Aguilar-Meléndez et al, 2019a, Kassem et al, 2020). The vulnerability section of the
Earthquake Preparedness software includes an example of a seismic vulnerability map (Figure 8) computed
according to the probabilistic version of the vulnerability index method (Aguilar-Meléndez, 2011; Aguilar-

Meléndez et al, 2019a, 2019b, 2021).
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Figure 9. The main screen of the seismic vulnerability section of the Earthquake preparedness module of
SSe

As an example of a seismic risk map, the Earthquake Preparedness section of the SSe includes the Global
Seismic Risk Map computed as a part of the GEM project (Silva et al, 2018). In this map, the risk in terms of
average annual loss (USD) is normalized by the construction cost (USD/m2) (Silva et al, 2018). Usually, to
assess the seismic risk of buildings in cities it is necessary to have data of the buildings of the studied cities.
However, this data is sensible information that is available only in some cases. Therefore, it is necessary to
verify the confidence of the data of the buildings in each seismic risk map published. For this reason, even
though the seismic hazard maps of the same region computed in different projects usually have important

similitudes, the seismic risk maps for the same regions could have significant differences.
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Figure 10. The Main screen of the seismic risk section of the Earthquake preparedness module of SSe

2.1.5. Earthquake Early Warning Systems & Tsunami Warning Systems

SSe contains a module called Earthquake Early Warning Systems (EEWS), which shows examples of relevant
EEWS in the world. For instance, it includes the Mexican case called “Sistema de Alerta Sismica Mexicano
(SASMEX®)” (Suarez et al, 2018). SASMEX is a successful example of an EEWS. For instance, during the
Chiapas earthquakes (M=8.1) of 7 September 2017, an early warning was automatically generated by
SASMEX providing a preparing time of 15 s to the city of Oaxaca, 68 s to the city of Puebla, and 92 s to Mexico

City (SASMEX, 2021)
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Some recent earthquakes that have occurred in the pacific coast of Mexico have been WEB ste of the EEWS of Mexico (SASMEX)
identified by the Earthquake Early Warning System of Mexico Ciy. Therefore, this EEWS
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pacific coast region of Mexico. Mexico.
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IEREZE 59 1777 5789 & Yes sS4 Yes 8 Yes || Complete official report
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Figure 11. The main screen of the earthquake early warning system of Mexico included in the EEWS module
of SSe

Tsunamis are a possible consequence of some earthquakes. Therefore, SSe includes references to Tsunami
Warning Systems. Particularly, it includes as examples the Tsunami Warning System of Japan (Tatehata,
1997) and the U.S. Tsunami Warning System (Angove et al, 2015). The catastrophic tsunami due to the 2011
Tohoku earthquake underlines the importance of continuing to study earthquakes and tsunamis (Kontar et al,
2016).
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Figure 12. The main screen of the Tsunami early warning system of SSe

2.1.6. Earthquake Emergency; Response & Recovery

SSe includes examples of valuable efforts that have been made in order to contribute to improving the
response and recovery after a damaging earthquake. For instance, Figure 12 shows an example of a map
developed after a damaging earthquake-affected to San Felice Sul Panaro in ltaly due to the 20th May
earthquake of 2012. This map was developed based on satellite pictures. The map of Figure 12 was

developed by the Copernicus Emergency Management Service (C-EMS, 2021).
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Figure 13. Screen of the Earthquake Emergency; Response & Recovery of SSe

2.2. Basic modules

The main topics considered for intermediate-advances users have been maintained for basic users (Figure

14). However, in general the topics are analyzed with more simple data.
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Figure 14. The main screen of the modules for basic users of SSe
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For the beginners users the module of earthquakes offers basic information oriented to answer where the
earthquakes occur? Where are the limits of the main tectonic plates located? Etcetera

_Map_basic — X

Earthquakes

‘Where usually do earthquakes occur?

The Earth's crust (the superficial layer of the Earth) is not a single piece. It is divided into several segments called tectonic plates. European
Commission

The major part of the earthquakes occurs in the limits of the tectonic plates. The rest of the earthquakes occurs in other regions of the plates
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The epicenter is the site on the Earth’s surface where an earthquake started. This epicenter is the vertical projection of the focus Barcelona

(hypocenter), which is the point where an earthquake starts. Therefore, we can define the epicenter only with geographic coordinates and the Supercomputing

focus with geographic coordinates and depth Center i
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Figure 15. One of the main screens of the earthquakes module for beginners users of SSe

Similarly, a basic version of the seismograms analyzer-e app is included in the Seismic records module for the
beginner users (Figure 16).
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Nowadays, a seismic record usually is a digital file that contains data about the movement of the ground during an arthquake. Generally, the motion must be big
‘What is a seismic record and how do we can process it? enough to be identified by the seismic sensors of the seismic station. In general, the seismic records contain data of accelerations or velocities of the ground that

were recorded during the duration of the earthquake. We use software as Seismograms Analyzer— to process the seismic records.
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Figure 16. The main screen of Seismic Shake-e for the basic module of seismic records
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In the Seismic Design of Buildings module, a basic explanation about the seismic design of buildings is
included (Figure 27).
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Figure 17. The main screen of Seismic Shake-e for the basic module of seismic design of buildings

In the preparedness basic module, the user can observe and compare the seismic hazard maps for Mexico
for different return periods (Figure 18).
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Figure 18. The main screen of Seismic Shake-e for the basic module of earthquake preparedness

On the other hand, for the basic module of Earthquake Early Warning System basic data about the most
important EEWS are included (figure 19).
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Figure 19. The main screen of Seismic Shake-e for the basic module of Earthquake Early Warning System
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