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ABSTRACT In the first months of 2018, a parametric table (flatfile) related to the Engineering Strong
Motion (ESM) database was released and disseminated through a website (http://
esm.mi.ingv.it/flatfile-2018). The flatfile contains intensity measures of engineering
interest and associated metadata of three-components manually processed waveforms.
The uniform collection of strong motion data and the compiling of quality-checked
metadata allow the users among practitioners and seismologists, to test and calibrate
Ground Motion Models (GMMs) for hazard assessment purposes or for the analysis
of the seismic structural response. In 2013, a database used for similar purposes was
constructed in the framework of the NGA-West2 project, whose main objective is
to update and improve the Next Generation Attenuation (NGA) models for active
tectonic regions, such as California. In this framework, a flatfile containing several
parameters, such as peak parameters and ordinates of the pseudo-acceleration elastic
response spectra, along with metadata of events and stations was released. The scope
of this paper is to highlight the main differences between the two tables in terms of
structure, data statistics and qualification of metadata.
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1. Introduction

The Engineering Strong-Motion (ESM) flatfile is a parametric table which contains verified
and reliable metadata as well as intensity measures of manually processed waveforms included in
the ESM database. The latest release of the flatfile was published at the beginning of 2018 and is
freely available, after registration, through a website (http://esm.mi.ingv.it/flatfile-2018). This tool,
developed in collaboration with GeoForschung Zentrum (GFZ), is one of the research products
disseminated in the framework of the Seismology Thematic Core Service of the European project
EPOS-IP (European Plate Observing System - Implementation Phase).

ESM flatfile supersedes the previous pan-European data sets for ground motion models
(GMMs) calibration, such as ISESD [Internet-Site for European Strong motion Data: Ambraseys
et al. (2004)] and RESORCE [Reference Database for Seismic Ground Motion in Europe: Akkar
et al. (2014)], both for the number of records and for the type and quality of the metadata. Several
details on the structure and organisation of the flatfile are discussed in Lanzano et al. (2019b).
A consistency check of the data included in the flatfile was carried out by Bindi et al. (2019),
performing a residual analysis using an ad hoc GMM. The flatfile was also recently used to update
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the GMMs for shallow active crustal regions in Italy by Lanzano ef al. (2019a) and to implement
the ground motion logic tree within the next generation European-Mediterranean Seismic Hazard
Model (ESHM18) in the framework of EU SERA project (Weatherill et al., 2018).

The data set for flatfile compilation is extracted from ESM database [https://esm.mi.ingv.it; Luzi
et al. (2016)], which is a data centre and provider of the European Integrated Data Archive (EIDA)
waveforms for events with magnitude larger than 4.0. Data in ESM are also gathered from offline
archives made available from other European and Mediterranean authority providers [see Luzi et al.
(2016) for further details]. ESM was born in 2009 in the framework of the European Project NERA
(Network of European Research Infrastructures for Earthquake Risk Assessment and Mitigation),
along with the fruitful experience of ITACA [ITalian ACcelerometric Archive: http://itaca.mi.ingv.
it; Pacor et al. (2011)], which contributes significantly to the number of ESM records.

Since 2003, in the western United States, the Pacific Earthquake Engineering Research (PEER)
Center initiated a large research program to develop next generation attenuation relationships,
called NGA (Bozorgnia et al., 2014). In 2013, the new worldwide database for the calibration of
NGA models for shallow crustal earthquakes in active tectonic regions (named NGA-West2) was
prepared and disseminated through several parametric tables (Ancheta ef al., 2014). The database
was used for NGA-Westl models updating (Abrahamson et al., 2008), which were introduced
in the GMM branches of probabilistic hazard logic tree of western U.S. More recently a similar
research initiative named NESS1 (http://ness.mi.ingv.it) was launched in Italy, with the aim to
characterise the ground motion features in near source conditions (Pacor ef al., 2018). Since part
of the authors of NESS1 are also part of the ESM working group, the organisation of NESS1 table
is very similar to that of the ESM flatfile and, in the majority of the cases, the metadata are the
same.

In the following, a comparison between the ESM and NGA-West2 tables is carried out with
a specific focus on the flatfile organisation and dissemination of events and station metadata.
The statistical distribution of the most relevant explanatory variables for GMMs calibration are
reported and discussed. A more direct comparison is also provided for a selected event in common
to the two data sets, i.e. the main-shock (M, 6.1) of the 2009 L’Aquila (Italy) seismic sequence,
recorded by more than 50 strong-motion stations.

2. Processing scheme and intensity measures

2.1. Records processing

Both ESM and PEER NGA-West2 data sets contain waveforms that are uniformly processed:
in detail, the selection of the corner frequencies of the Butterworth filter is guided by the
examination of the Fourier amplitude spectrum on a component-by-component basis at both low
and high frequencies (Boore and Bommer, 2005), but following different procedures for the two
data sets. In ESM, the waveforms are processed according to the procedure described in Paolucci
et al. (2011). The latter applies a second-order acausal time-domain Butterworth filter (Douglas
and Boore, 2011) to the zero-padded acceleration time series and zero-pad removal to make
acceleration and displacement consistent after double integration. The typical band-pass frequency
range is between 0.1 and 40.0 Hz for digital records, whereas it is narrower for analogue ones
(on average 0.3-25.0 Hz). The ESM processing is accessible through a web-interface available on
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http://esm.mi.ingv.it/processing that allows the users to perform their own manual processing and
to download the processed data (Puglia et al., 2018).

The records of NGA-West2 data set are processed according to a procedure developed by the
PEER team (Douglas and Boore, 2011; Ancheta et al.,2013). According to Boore et al. (2012), the
ESM (or ITACA) and PEER processing schemes are quite similar and the results are coincident
in several cases. The main difference is that ESM processing applies linear de-trending of the
velocity and displacements obtained from the pad-stripped data, whereas PEER fits a sixth-order
polynomial to the displacements time-series.

Fig. 1 shows the number of recordings within the usable frequency band for (pseudo-)
acceleration response spectra.
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Fig.1 - Number of records with highest useable
Puariced [8] period versus period.

The spectral acceleration ordinates in both the data sets are considered valid until 100 Hz
(T=0.01s), according to Douglas and Boore (2011), while all the processed records can be used
up to about 0.6-0.7 s. At longer periods, the number of useable periods decreases, since several
analogue records are processed using high pass corner frequencies larger than 0.3 Hz. At a period
of 10.0 s the usable records in ESM and NGA-West2 reduces to about 20% and 30% of the entire
data set, respectively.

2.2. Structure and dissemination of the flatfile

Fig. 2 schematically illustrates how the ESM and NGA-West2 parametric tables are organised
and disseminated.

The ESM flatfile is arranged into three ‘.csv’ files for 36 ordinates of the 5% damping
acceleration and displacement elastic response spectra and 103 amplitudes of the Fourier spectrum.
The table fields are related to event and station metadata, including several distance metrics, peak
and integral intensity measures as well as some duration parameters. The waveforms are not
disseminated but they are all accessible through the ESM website and detectable using the event
id, the network and the station code, provided in the flatfile.

NGA-West2 provides 11 tables (‘.xls’ files) including the station and event metadata, the
distances, the peak parameters and the ordinates of pseudo-spectral acceleration ranging from
0.01 to 20.0 s at 11 different damping levels in the range 0.5-30.0%. The raw waveforms of
NGA-West2 database are made available by several worldwide agencies whereas the processed
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Fig. 2 - Schematic overview of the ESM and NGA-West?2 flatfile format.

data are distributed for registered users through the PEER strong motion database portal (https://
ngawest2.berkeley.edu).

The parameters for the horizontal components of strong motion are computed according to
rotation independent measures, RotD50 (Boore, 2010) in both data sets. In NGA-West2, RotD 100,
i.e.the maximum value of the distribution of the intensity measure across all azimuths, is estimated
through the empirical relation by Shahi and Baker (2014). ESM also contains the values of the
parameters of each of the three components. The NGA-West2 strong motion parameters of the
vertical component, the finite fault info table and the site database are instead distributed through
distinct tables, as supplemental material (NGA_West2_supporting_data_for_flatfile).

Table 1 - Intensity measures included in ESM and NGA-West2 data sets.

Intensity measures ESM NGA-West2
Peak Ground Acceleration (PGA) X X
Peak Ground Velocity (PGV) X X
Peak Ground Displacement (PGD) X X
Arias Intensity, T90 duration (Trifunac and Brady, 1975) X XA
Housner Intensity X
Cumulative Absolute Velocity (CAV) X

(Pseudo-) Acceleration response spectra (SA or PSA)

X (36 periods with
5% damping ratio)

X (111 periods;
11 damping ratios
from 0.5 to 30.0%)

Horizontal components combination RotDnn
(Boore, 2010)

RotD00, RotD50,
RotD100

RotD50, RotD100*

Displacement response spectra (SD)

X (36 periods with
5% damping ratio)

X (111 periods;
11 damping ratios
from 0.5 to 30.0%)*

Fourier amplitude spectra

X (103 periods)

XA

A available upon request to Y. Bozorgnia (yousef.bozorgnia@ucla.edu)
* not directly provided but easily computable from other parameters.
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Table 1 reports a brief scheme of the intensity measures included in the parametric tables.
Non-standard intensity measures, such as Arias and Housner intensities, significant duration, and
the Cumulative Absolute Velocity (CAV) are included in ESM flatfile as well. For the NGA-West2
data, Arias intensity and significant duration are available upon request.

3. Event, station and path metadata

3.1. Event location and magnitude

One of the basic ideas of the ESM flatfile is to provide a reference field for each parameter
included in the table. As a matter of fact, the event location and magnitude are assigned according
to a specific hierarchy that firstly prefers earthquake-specific studies, secondarily the Moment
Tensor solution (Ekstrom et al., 2012) and, finally, the regional or international bulletins, such as
the International Seismological Centre (ISC). In addition, in the ESM flatfile the revised moment
magnitude from EMEC [Euro-Mediterranean Earthquake Catalogue: Griinthal and Wahlstrom
(2012)] is provided, when available. The focal mechanism is derived by the rake of the moment
tensor solution (Aki and Richards, 2002), with the modification of Boore et al. (1997) for strike-
slip events.

The main idea beneath the event metadata attribution in NGA-West2 is related to the availability
of finite fault inversion solutions, even for low magnitudes events. In particular, the events in
NGA-West2 database are divided into moderate-to-large worldwide earthquakes and small-to-
moderate magnitude California earthquakes (events with moment magnitude less than about 5.0).
A further distinction is also made on Class1 (mainshock) and Class 2 (aftershock) events to allow
a more consistent data selection in GMM calibration.

The event parameters (i.e. epicentre location, focal depth, local magnitude, moment magnitude,
and style of faulting) of small-to-moderate earthquakes for the California data are obtained from
regional catalogues (i.e. earthquake catalogues of Northern and Southern California Seismic
Network), while for moderate-to-large from literature studies or international catalogues.

3.2. Fault geometry

In the ESM flatfile, the fault geometry is provided only for events with M > 5.5. For the strongest
events, the fault models from published studies are generally adopted as a primary reference.
When no specific study is available, the regional and international databases are consulted, such as
the Database of Individual Seismogenic Sources [DISS: http://diss.rm.ingv.it/diss; DISS Working
Group (2018)] for Italy, the Greek Database of Seismogenic Sources [GreDaSS: http://gredass.
unife.it; Caputo and Pavlides (2013)] and the Finite-Source Rupture Model Database [SRCMOD:
Mai and Thingbaijam (2014)] for worldwide earthquakes.

For moderate-to-large events in NGA-West2 database, the finite fault geometry is typically
obtained, in order of preference, from i) field observations of primary surface rupture, ii) co-
seismic slip distribution from inversions of waveform and geodetic data, and iii) aftershock
distributions. When available, slip inversion models are also used to extract information about
rise time, rupture velocity, and other data related to the spatial characteristics of (co-seismic) fault
slip, such as the existence of a shallow asperity producing significant (>20% of the total) moment
release in the top 5 km of crust.
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In both data sets, when there is more than one rupture model for an earthquake, the preferred
model was carefully selected and referenced. On the contrary, when a published fault model is not
available, a simulated finite fault is developed both in ESM and NGA-West2.

The ESM strategy for the rupture simulation or the calculation of some missing parameters is
reported by Pacor et al. (2018) and it consists in a modification of the procedure by Kaklamanos
et al. (2011), originally developed to convert the different distance metrics implemented in the
GMMs. The procedure is applied only to events with magnitude larger than 5.5 lacking of a fault
geometry.

The NGA-West2 methodology for simulating the fault plane is different and consists of
randomly sampling from probabilistic distributions of fault rupture area, aspect ratio of ruptured
area, and hypocentre position on the fault plane (Chiou et al., 2008). Differently to ESM, the
simulated fault is obtained for all the events that miss the rupture geometry, thus including small
earthquakes.

3.3. Distance metrics

A comparison between the distance metrics and path-related metadata provided by the two
data sets is shown in Table 2. A detailed definition of the distance metrics can be found in Ancheta
etal.(2014).

Table 2 - Distance metrics and path-related metadata included in ESM and NGA-West2 flatfile.

Parameter ESM NGA-West2
Epicentral distance: distance from epicentre R, X X
Event-to-station azimuth X X
Hypocentral distance: distance from hypocentre R, X* X
Joyner-Boore distanc_e: d_istance computed from the surface X X
projection of the fault R,
Rupture distance: shorter distance to the rupture plane R, , X X
Horizontal distance measured perpendicular to the fault strike,
from the top edge of rupture plane R, X X
Horizontal distance off the surface projection. of rupture plane, X X
measured parallel to the fault strike R,
Hanging-wall indicator X* X
Radiation pattern coefficients X
Directivity parameters X

* not directly provided but easily computable from other parameters.

In ESM, the distance from the fault rupture plane, R RUP? the closest distance from the surface
projection of the fault, R, and the hanging/footwall distances, R, and R,, are calculated only
when the finite fault is available. For smaller magnitude events (M, < 5.5), we consider point-like
sources because the differences between the epicentral distance and R, as well as between the
hypocentral distance and R, ,, can be neglected. Hypocentral distance and hanging wall indicator
are not explicitly provided in the ESM flatfile, but they can be derived by other parameters, e.g.

the sign of R is an indicator of hanging/footwall conditions.
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In NGA-West2, RRUP, R - R, and R, are calculated form the finite fault geometry for all
the events in the database (Ancheta et al., 2013). NGA-West2 also provides radiation pattern
coefficients and some directivity parameters, useful for GMMs calibration.

3.4. Site characterisation parameters

In the ESM flatfile, the site response is characterised only by the time-averaged shear
wave velocity in the uppermost 30 metres (Vs,30)’ following the Eurocode 8 (EC8, CEN 2004)
classification scheme. Two different estimates of V  are included in the flatfile: i) in-situ
geophysical measurements (preferred); ii) empirical correlation with the topographic slope
according to the correlation provided by Wald and Allen (2007). The EC8 classification field is,
instead, filled primarily with site categories derived by V, measurements, otherwise to those
inferred by surface geology (Di Capua et al., 2011), which are marked by an asterisk (e.g. A*).

In addition to measured VSJD, the site database of NGA-West2 contains several estimates
related to alternative proxies (Seyhan et al., 2014), i.e. i) topographic slope (Wald and Allen,
2007), ii) geology or geology-slope hybrids, iii) terrain/geomorphology (Yong et al., 2012), and
iv) geotechnical tests. The table with waveform intensity measures solely includes the preferred
V ; and its associated uncertainty. The hierarchy to assign the preferred V. is reported in Seyan
et al. (2014), but the first choice is always the measured value, if available. The basin depths of
stations located in alluvial basin are provided on the basis on 3D velocity models and/or shear
wave velocity profiles.

Fig. 3 shows the distribution of strong motion recording stations as a function of preferred V ;,
in ESM and NGA-West2. The total number of stations in ESM (2,080) is about the half of the
stations included in the NGA-West2 database (4,149). The amount of station with V . based on

in situ measurements (with profile depths greater than 30 m) is 24% (474 out of 2,080) and 13%
(552 out of 4,149) for ESM and NGA-West2, respectively.
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4. Data statistics

The data set for the ESM flatfile includes 23,014 three-components recordings from 2,179
earthquakes and 2,080 stations from Europe and Middle-East in the time span 1969-2016. The
events are characterised by magnitudes in the range 3.5-8.0 and refer to different tectonic regimes,
such as shallow active crustal and subduction zones. The data set for NGA-West2 is relative
to shallow active crustal events only and comprises 21,336 records of 600 worldwide events,
recorded by 4,149 stations in the time interval 1998-2011.

The magnitude-distance distribution of the two data set is reported in Fig. 4, where in ESM the
local magnitude M, is used when M is not available. The minimum magnitude of ESM is 3.5, while
the data collection of NGA-West2 includes events down to 3.0, mainly composed by weak events
occurred in California. However, the weak events (lower than M, < 4.5) dominate both the data
set, especially for the ESM data set, that corresponds to 70% of the data. The magnitude-distance
distribution of the two data sets is similar and the amount of near source data (Repl. < 10 km) is not
negligible in both data sets, corresponding to 4% in ESM and 3% in NGA-West2, respectively
(Fig. 4).
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Fig. 4 - Magnitude-distance distribution of
ESM flatfile and NGA-West2 data set. Epicentral distance [km)]

Fig. 5 shows the amount of records in ESM and NGA-West2 data sets by earthquake-
contributing countries. In ESM, most of the data (59%) are related to events occurred in Italy,
but other relevant contributions come from earthquakes in Greece (16%) and Turkey (7%).
In NGA-West2, the events of western U.S. and Japan contributes with the 38% and 30%,
respectively. The contribution of the Mediterranean earthquakes, which are in common with
ESM data, is only the 6%.

Fig. 6 shows the stacked histograms of moment magnitude, epicentral distance, focal depth
and style of faulting of the two data sets. Magnitude histogram (Fig. 6a) is different for the
two data sets, being characterised by a nearly uniform distribution over the whole magnitude
range in NGA-West2 compared to ESM, which is dominated by small-to-moderate events in the
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Fig. 5 - Pie charts of record numbers per country or area in ESM (a) and NGA-West2 (b).

magnitude range 4.0-5.0. A significant number of events with M > 6.0 is contained in NGA-West2
(14%) with respect to ESM (3%). Epicentral distance distribution, shown in Fig. 6b, indicates a
good sampling of records in both the data sets near and far from the source without significant
differences. The focal depth distribution in Fig. 6¢c shows a noticeable preponderance of shallow
depth events both in ESM data set (70% at depth < 20 km); and in NGA-West2 (96% at depth

<20 km).
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In Fig. 6d the comparison in terms of focal mechanisms shows a relevant amount of normal
fault earthquakes in ESM data set (24%) due to the prevalence of Italian data. Conversely, the
NGA-West2 has 54% of strike-slip style of faulting, thus reflecting the tectonic differences
between Euro-Mediterranean earthquakes and the other parts of the world.

5. L'Aquila 2009 earthquake case study

The L’ Aquila earthquake occurred on 9 April 2009 (01:32 UTC) in central Italy with a moment
magnitude M|, equal to 6.1. It represents one of the first strong earthquake in Europe recorded by
a consistent amount of stations, some of them in near source conditions. As a matter of fact, this
event improved the knowledge of seismic motion in Italy and allowed the calibration of the GMM
by Bindi et al. (2011), which is the reference model for regional hazard assessment. The L’ Aquila
earthquake was included in both data sets and the main characteristics are reported in Table 3.

The number of records in ESM is higher than NGA-West2, since in ESM some additional data
recorded by temporary networks, collected in ITACA, were made available. Although different
studies are considered as authoritative source, the parameters are quite similar. The preferred
moment magnitude (M, 63) of ESM (EMEC) and that provided by NGA-West?2 are identical even
if other authoritarian sources provide lower values [M 6.1: ISIDe Working Group (2016)].

The site parameters, the source-to-site distances, and the peak amplitudes (RotD50) of four
L’ Aquila earthquake waveforms, recorded by the stations of i) Avezzano, ii) Assisi, iii) L’ Aquila-
Valle dell’ Aterno, and iv) Leonessa, are compared in Table 4.

Since ITACA database is the authoritative source for geophysical measurements in Italy
both for ESM and NGA-West2, the preferred V. based on measured velocity profile is almost

8,30
identical for Avezzano (AVZ) and L’ Aquila (AQA) as derive from in situ tests performed before

Table 3 - Event metadata of 2009 L’ Aquila earthquake in ESM and NGA-West2.

Parameters ESM NGA-West2
Event Name L'Aquila L'Aquila, Italy
Event time 2009-04-06 01:32:40
Event ID IT-2009-0009 0274
Number of records 64 48
B e e | o aaia oo oty | 42342 (a0 13380 o
Hypoc&f{;gﬁfy (km) 8.3 (ISIDe Working Group, 2016) 9.27
Local magnitude M, 5.9 -
Moment magniuen, | ©1 02 eling Crve 209
and Wahlstrém, 2012)
Strike, dip, rake (degrees) 140, 50, -90 139, 48, -98
(Reference) (Ameri et al., 2009) (Scognamiglio et al., 2010)
Depth of the fault top (km) 0.5 0.8
Fault length (km), fault width (km) 20, 15 20, 16
(Reference) (Ameri et al., 2009) (Scognamiglio et al., 2010)

10
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Table 4 - Parameters of four recordings of 2009 L’ Aquila earthquake.

Station code Station name Parameters ESM NGA-West2

(ESM) (NGA-W2)

Preferred V,,; [m/s] 199.000 199.000

R, [m] 22.410 23.670

AVZ Avezzano Raye [M] 25.440 26.860

PGV [cm/s] 10.920 10.910

PGD [cm] 3.520 3.630

Inferred from slope proxy V.5 [m/s] 1053.000 462.000

R, [m] 97.510 96.120

ASS Assisi R, [M] 97.570 96.140

PGV [cm/s] 0.420 0.420

PGD [cm] 0.160 0.190

Preferred V,,; [m/s] 549.000 552.000

R, [m] 0.000 0.000

AQA L'Aquila R, [M] 5.740 6.550

PGV [cm/s] 29.800 29.950

PGD [cm] 4.410 4.440

Preferred V.3 [m/s] 1091.000 595.000

R, [m] 32.250 33.980

LSS Leonessa Raye [M] 37.070 35.950

PGV [cm/s] 0.739 0.752

PGD [cm] 0.228 0.253

2009 (DPC-INGYV $4 project: http://esse4.mi.ingv.it). The most relevant difference of V., (from
measured velocity profile) for Leonessa (LSS) station, is related to the update of the geophysical
surveys (after 2009) included in ESM and not yet considered for the NGA-West2 database. The
reported values of V . for Assisi (ASS) are inferred instead by topographic slope proxy both for

ESM and NGA-West2. As the relationship adopted for the estimate of V  is the same in both the
database (Wald and Allen, 2007), the observed gap (1053 vs. 462 m/s) could be related to different
DEMs (Digital Elevation Models) used to calculate the slope. The differences in the rupture
distances are small, in all the cases within about 2 km.

The acceleration spectral amplitudes (at 5% damping ratio) of the four records are also
compared in Fig. 7 as a function of period. The peak parameters in Table 4 and the ordinates of
acceleration response spectra in Fig. 7 are very similar, showing that the processing scheme and

the calculation of RotD50 are consistent in the two data sets.

6. Conclusions

The main objective of this paper is to compare the recently generated (2018) ESM flatfile
with that constructed in the 2013 for NGA-West2 project (Ancheta et al., 2013). The latter aims

11
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Fig. 7 - Comparison of RotD50 acceleration response spectra from: a) L’ Aquila-Valle dell’ Aterno (AQA), b) Avezzano
(AVZ), c) Assisi (ASS), and d) Leonessa (LSS) recording stations.

at calibrating global ground motion models for shallow active crustal regions. ESM flatfile has
similar scope for Europe, but also contains events derived by other different tectonic environments,
such as volcanoes or subduction plates, whereas the NGA-West2 database only includes shallow
crustal earthquakes from active tectonic regions.

The general idea of ESM flatfile is to include all the public data of ESM database as well as
to allow the users to create their own table (a command-line application is provided on the ESM
website to filter the table). The events of NGA-West2 database are instead tailored to the scope of
calibrating GMMs and carefully selected among the well-sampled worldwide earthquakes with
best quality of event and station metadata. In this way, the database is useful for the calibration
of models with input parameters additional to the basic explanatory variables of standard GMMs
(magnitude, distance, style of faulting, and site parameter). Indeed, the NGA-West2 table contains
more fields than ESM to characterise the events and the stations, such as the stress drop of the
event, directivity or radiation pattern parameters or depth of alluvial deposits for station located
in basins.

However, the organisation of the two tables is quite similar and several fields are in common.
Moreover, the processing scheme and RotD50 calculation, although different, produce similar
results in terms of peak parameters and spectral amplitudes.

Our experience in the flatfile compilation led us to say that the most important effort is related
to the definition of procedures to fill the table which must be, as much as possible, referenced and
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validated by the scientific community. Another important aspect is the traceability of the data and
metadata, using a proper reference field for all the parameters provided in the table.
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