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ABSTRACT

The Global Earthquake Model (GEM) initiative promotes open, trans-
parent and collaborative science aimed at the assessment of earthquake
risk and its reduction worldwide. During the first implementation phase
(2009-2014) GEM sponsored five projects aimed at the creation of global
datasets and guidelines toward the creation of open, transparent and, as
far as possible, homogeneous hazard input models. These projects con-
centrated on the following global databases and models: an instrumental
catalogue, a historical earthquake archive and catalogue, a geodetic strain
rate model, a database of active faults, and set of ground motion predic-
tion equations. This paper describes the main outcomes of these projects
illustrating some initial applications as well as challenges in the creation
of hazard models.

1. Introduction

The Global Earthquake Model (GEM) initiative is
a public-private effort which currently involves sixteen
countries and eleven private organizations from the en-
gineering, insurance and public/ governmental sectors.
GEM promotes an open and transparent assessment of
seismic hazard and risk based on state-of-the-art datasets
and methodologies.

The first implementation phase started in 2009 and
concluded at the end of 2014, saw GEM sponsor five
projects aimed at the creation of global, homogenous
datasets supporting the development of new hazard
models and, in general, research in the seismological
sector. These projects - called global components - cov-
ered the most important research areas for the charac-
terization of the earthquake process such as historical
seismicity, instrumental seismicity, strain rate modelling,
earthquake geology and ground motion modelling. Five
global projects were also promoted in the field of the
physical risk assessment [Crowley et al. 2013].

With the same aim of actively encouraging repro-
ducibility and transparency in seismic hazard model
creation process, GEM also developed an extensive open-
source library of tools for the preparation of Probabilis-
tic Seismic Hazard Analysis (PSHA) models and for the
calculation of hazard. This library includes the Open-
Quake hazard modeller’s toolkit (HMTK), the Open-
Quake Ground Motion toolkit (OQ-GMTK) and the
OpenQuake-engine (which comprises the OpenQuake
hazard library; Pagani et al. [2014]). The OpenQuake
Hazard Modeller’s ToolKit [Weatherill et al. 2012, 2014a]
is a suite of tools for processing basic information, e.g.,
earthquake catalogues, active faults and geodetic strain,
used for the characterization of the Seismic Source Model
(SSM hereafter). Using the HMTK it is possible to create
sources that can be incorporated into a source model
for the calculation of hazard at a specific site. The Open-
Quake Ground Motion Toolkit (OQ-GMTK; Weatherill
etal. [2014b]) is the counterpart of the HMTK for the cre-
ation of the Ground Motion Models (hereafter GMM) for
application in a particular analysis. It contains tools for
the construction of a ground motion database starting
from a set of processed recordings, for the calculation of
ground motion residuals given a ground motion predic-
tion equation (GMPE) and a collection of processed
strong motion recordings, for the ranking of GMPEs
using quantitative methods [e.g. Scherbaum et al. 2009].
Both toolkits integrate components of the OpenQuake-
engine into the software, ensuring full consistency with
OpenQuake-engine itself with regard to the application
of GMPEs, representation of fault geometry and geo-
detic distances and the generation of ruptures.

In many areas of the world the results of the Global
Seismic Hazard Assessment Programme (GSHAP; Giar-
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dini et al. [1999]) still represent a reference, or in some
cases the only, quantitative assessment of hazard avail-
able, despite the progress made in the past twenty years
in the comprehension of the earthquake process. The
overall goal of GEM during its first implementation
phase was therefore to create a set of tools, databases and
guidelines, which could serve the creation of new and
more harmonized Probabilistic Seismic Hazard Analy-
sis (PSHA) input models and consequently provide to
the broader community more updated assessments of
seismic hazard. The auspice is that in the near future,
local communities at regional and national levels will
harmonize the information included in GEM’s global
datasets with more specific knowledge and will work
in a collaborative effort at testing, applying and im-
proving the guidelines, the methodologies and the tools
created by GEM. Ideally, this should be a collaborative
process directed at the creation of reliable and consis-
tent models as well as at the collective progress of sci-
ence within the seismic hazard assessment field.
During the first implementation phase some re-
search projects operated as GEM regional programs i.e.
independent projects directed at the creation of new
datasets and hazard and risk models. These projects were:
the Seismic Hazard Harmonisation in Europe (SHARE),
the Earthquake Model for the Middle East (EMME)
and the Earthquake Model for Central Asia (EMCA).
SHARE [Giardini et al. 2014] produced an extensive
group of updated datasets as well as a hazard model
covering the entire European continent. The results have
been released in 2013 and they are accessible though
the project website (http://www.share-eu.org/, last ac-
cessed on September 2014). The EMME project (Sesetyan
etal. [2014]; http:/ /www.emme-gem.org/, last accessed
September 2014) created a hazard model covering a re-
gion spanning from the western coast of Turkey, though
Iran and until Pakistan. Danciu and Giardini [2015, this
issue] provide an overview of the SHARE and EMME
projects emphasizing the issues connected with the
harmonization of the two models at their mutual bound-
aries. Finally, the Earthquake Model for Central Asia
(EMCA,; Parolai et al. [2015, this issue]) created a com-
munity seismic hazard model for the area covering
Turkmenistan, Kazakhstan, Tajikistan, Uzbekistan and
Kirgizstan (additional information available on the proj-
ect website, http:// www.emca-gem.org/, last accessed
on September 2014). These projects had been an ex-
traordinary opportunity for testing the use of the Open-
Quake-engine in the calculation of region-wide seismic
hazard models. The SARA (South America Risk As-
sessment) Project, a new GEM regional program, spon-
sored by the Swiss RE Foundation, will be the first
project in which GEM tools and datasets will be exten-

sively tested for the creation of PSHA input model; the
collaboration with the local scientific community will
certainly help on improving the current tools.

This paper aims at illustrating the main datasets
produced by the GEM global components, at briefly il-
lustrating some recent research based on this datasets and
on discussing how they can be possibly used for the con-
struction of seismic hazard analysis input models.

2. GEM hazard global components

Three out of the five GEM hazard global compo-
nents had the primary goal of developing global ho-
mogenous datasets - the global instrumental catalogue,
global historical catalogue and active fault database -
while the other two worked on creating specific models
(i.e. a strain rate model and a ground motion model).
Most of the GEM hazard global components started
their activities in 2010 and concluded their work be-
tween 2012 and 2013. The teams were composed by in-
ternational groups of experts in order to guarantee to
the extent possible global participation and the in-
volvement of highly qualified scientists.

In the following sections we briefly summarize the
main achievements of the five GEM Global Compo-
nents.

2.1. Global instrumental catalogue (ISC-GEM)

The scientific project dedicated to the construction
of a global uniform instrumental catalogue was led by
the International Seismological Centre and saw the par-
ticipation of a numerous and highly qualified group of
international experts. The ISC-GEM catalogue [Storchak
et al. 2012, 2013, 2015] covers the entire instrumental
period (1900-2009) and is compiled considering infor-
mation included in a vast number of catalogues (e.g.
ISC Bulletin, Global CMT; Ekstrém et al. [2012]), in the
literature [Lee and Engdahl 2015], new information
ported from ISS paper bulletins into a digital format
and new results produced within the project.

During the period 1900-1917, the ISC-GEM cata-
logue contains events with magnitude larger or equal
to 7.5 (M) worldwide, supplemented by a few tens of
smaller shallow earthquakes in stable continental areas.
From 1918 until 1959 the catalogue was compiled con-
sidering earthquakes whose magnitude was equal or
larger than 6.25 (M ). The most recent part of the cat-
alogue (starting from 1960 until 2009) includes events
equal or larger than 5.5 (My).

The earthquakes comprised in this catalogue were
relocated following a homogenous approach entailing
a first stage, where the hypocentral depth is computed
using the EHB methodology [Engdahl et al. 1998], and
a second stage where the epicentral location is obtained
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Figure 1. Geographic distribution of the epicenters included in the ISC-GEM catalogue. The color indicates the hypocentral depth.

with the application of the Bondar and Storchak [2011]
algorithm.

Figure 1 shows the spatial distribution of the earth-
quakes (more than 18,800 in total) included in version
1.05 released in February 2014. The catalogue is up-
dated by the ISC every time changes are introduced; a
log of changes is maintained on the ISC website (http://
www.isc.ac.uk/iscgem/update_log/).

The determination of magnitude for each earth-
quake followed a homogeneous methodology aimed at
the compilation of a catalogue where the size of each
event is defined in terms of moment magnitude. For
this purpose seismic moment information already avail-
able (e.g. Global CMT catalogue - http:/ /www.global
cmt.org/) as well as data included in a vast body of lit-
erature was used to the largest extent possible; for the
older events proxies, new regression models from other
magnitude types were used as a primary method for
magnitude harmonisation [see Di Giacomo et al. 2014].

Michael [2014] analysed the ISC-GEM catalogue in
order to define the region of the magnitude-time space
within which this catalogue can be considered complete
(i.e. containing all the events occurred). The results of
Michael show that the magnitude of completeness (M)
in the early instrumental era (i.e. between 1900 and 1917)
for shallow seismicity - corresponding to the events with
hypocentral depth lower than 60 km - is around 7.7.
This threshold progressively decreases with time from
7.0 in the period between 1918 and 1939, going to 6.8
between 1940 and 1954. In its most recent part (i.e. be-
tween 2004 and 2009), the catalogue is complete above

magnitude 5.7 M_. The green dotted line in Figure 6
shows the completeness thresholds for different peri-
ods in a time-magnitude plot.

Christophersen et al. [2013] used the ISC-GEM cat-
alogue to analyze at the global scale the statistics of large
aftershocks - i.e. earthquakes with a magnitude within
1.1 units from the mainshock - occurring at relatively
short distance from the mainshock. The study had the
goal to analyze the Darfield - Christchurch sequence in
the context of global seismicity occurrence properties.

Hayes et al. [2013] analyze the earthquake and
tsunamis potential of seismic sources in the Caribbean
using the ISC-GEM catalogue in combination with other
catalogues such as PDE (USGS), Global CMT [Ekstrém
et al. 2012] and EHB [Engdahl and Villasefior 2002].

Pollitz et al. [2014] use the ISC-GEM catalogue to
investigate global seismic quiescence periods in the
framework of a study aimed at assessing the short- and
long-term triggering of seismicity produced by the M 8.6
Indian Ocean event occurred in April 2012.

Geist [2014] uses the ISC-GEM catalogue together
with other earthquake catalogues to investigate through
an Epidemic-Type Aftershock Sequence model the
temporal clustering of seismic activity from seismic
sources capable of generating tsunamis.

2.2. Global historical earthquake archive (GHEA) and
catalogue (GHEC)

The determination of earthquake locations and
magnitudes through the investigation of historical
sources yielded in the past - and still provides - useful
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information for better constraining the properties of
seismic occurrence [Guidoboni 2002]. In many coun-
tries in the world the information produced by these
investigations still constitutes the primary dataset used
for the characterization of seismicity occurrence in
PSHA input models.

The Global Earthquake model sponsored a project
called “Global Earthquake History” (GEH; Albini et al.
[2014a, 2014b]) led by scientists of the Istituto Nazionale
di Geofisica e Vulcanologia (National Institute of Geo-
physics and Volcanology, INGV, Italy) and the British Ge-
ological Survey (BGS, UK). This project produced an
archive of historical seismicity studies and from this
archive created a database of earthquakes occurring dur-
ing the period 1000 C.E. and 1903 C.E. with magnitude
equal or larger than 7.

The Global Historical Earthquake Archive (GHEA)
contains 3175 records extracted from 239 published stud-
ies. Each earthquake is associated with a list of studies
providing relevant parameters needed for its compre-
hensive description from a seismological point of view,
primarily epicentral position and magnitude. The
archive is a source of information of extraordinary im-
portance since it makes the procedure adopted for the
construction of the historical catalogue completely
transparent and reproducible, and it ensures its future
expandability by benefitting from the knowledge al-
ready gathered.

The GHEC (version 1.0) catalogue contains 825
events of magnitude 7.0 and larger; this magnitude

threshold had been lowered in stable continental re-
gions in order to incorporate important earthquakes
that otherwise would have been neglected. The global
historical catalogue was compiled by taking for each
event in the GHEA archive the parameters provided by
the preferred study selected considering the quality of
the information used for the description of the earth-
quake and the methodology adopted for the determi-
nation of the earthquake parameters.

Figure 2 shows the geographic distribution of the
events included in the catalogue. In the period between
1000 and 1490 the catalogue contains only events in Eu-
rope, the Middle East, China and Japan, whilst from the
end of the 16th century the catalogue contains also earth-
quakes occurring in the Americas.

Estimates of earthquake parameters in historical cat-
alogues are habitually affected by epistemic uncertainties
that can be explained by the paucity of the information
available and the relevant subjective component involved
in the process - which is indispensable for a compre-
hensive interpretation of the original information. In
the construction of the GEH catalogue, despite only a
limited number of studies provided this information,
special treatment was devoted to the characterization
of uncertainty related to location and magnitude. Al-
bini et al. [2014a] explain that the majority of the earth-
quakes included in the catalogue are affected by an
error in the estimation of the magnitude in the order of
half a unit; according to the same authors only for a
limited number of events this error exceeds one unit of
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Figure 2. Geographic distribution of the epicenters included in the GEH catalogue [Albini et al. 2014a]. The color indicates the year of oc-

currence.
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Figure 3. Time-magnitude space plotting of the earthquakes included in the GEH catalogue.

magnitude. In Figure 3 we depict the distribution in the
time-magnitude space of the earthquakes included in
the GEH catalogue as well as their cumulative curve
with respect to time.

2.3. Global strain rate model

The contribution of remote sensing to the com-
prehension of the geodynamic processes increased
exponentially over the last few years thanks to large
technological improvements and the spread of more
advanced instrumentation [Tralli et al. 2005].

Recognizing the importance of results deriving from
the modeling of remotely sensed information, GEM
promoted a project, called the GEM Global Strain Rate
Model (GSRM2), which leveraged from the results of
the Global Strain Rate Model project (http://gsrm.un
avco.org/intro/, Kreemer et al. [2003]). The project in-
volved scientists from the University of Nevada, the
University of California at Los Angeles, the China Earth-
quake Administration and UNAVCO.

The goal of the GSRM2 was the creation of a model
describing the secular deformation on a 0.2°x0.25°
mesh covering the deforming areas of the world. A con-
siderable portion of the project activities was devoted
to the creation and processing of an extensive database
of global positioning system (GPS) velocity observa-
tions, which ideally should cover homogenously the en-

tire globe. The GSRM2 project used 22,415 velocities
at about 18,300 locations; 17,567 velocities characterize
deforming areas while the remaining part have been
measured on rigid plates.

The calculation of strain on this mesh was com-
pleted using the methodology proposed by Haines and
Holt [1993] which computes the strain field - as well as
vortices and expected velocities - through an interpola-
tion methodology based on splines.

Figure 4 shows the spatial distribution of the sec-
ond invariant of the strain tensor as defined in the most
recent release of the GEM Global Strain rate model.

Bird et al. [2015] used the GEM Global Strain rate
model for the construction of a hybrid earthquake fore-
cast model, which combines the rates obtained by
smoothing the seismicity within an instrumental cata-
logue with the ones obtained by applying the SHIFT
methodology (Seismic Hazard Inferred From Tecton-
ics; Bird and Liu [2007]) to the results of GSRM2.

Sevilgen et al. [2014] utilize the global strain rate
model to infer the activity rates of active faults within
some countries in the Balkans region. The comparison
between the rates obtained using this new technique
and the ones defined by earthquake geologists based on
expert judgment overall show a good agreement. The
overall goal in this case is to build a PSHA input model
combining faults and distributed seismicity sources.



PAGANI ET AL.

Strain second invariant

01 1

10-9 yr-1
10 100 1000

Figure 4. Geographic distribution of the second invariant of the strain tensor as defined in the version 2.1 of the GEM Global Strain Rate

model [Kreemer et al. 2014a, 2014b].

2.4. Active fault database

Earthquake geology is a critical source of infor-
mation for the creation of state-of-the-art probabilistic
seismic hazard input models. Nevertheless, the manner
by which geologically based information is assimilated
into the construction of seismicity occurrence models
for individual fault structures, as well as for actively de-
forming tectonic regions, is still the subject of scientific
research [e.g. Field and Page 2011].

Recognizing the importance of this discipline and
the significance of improving and harmonizing the de-
scription and modelling of fault sources, GEM spon-
sored a project - named “Faulted Earth” (FE) - which
worked on the creation of a database of active faults
with global coverage. GNS Science (New Zealand) led
this project, which involved experts from almost all the
continents.

The initial part of the project was predominantly
focused on the construction of a database with a struc-
ture capable to incorporate information currently in-
cluded in the most important national active fault
databases publicly available. The information in the
GEM active fault database is divided into a number of
levels organized hierarchically, ranging from punctual
data collected on the field until the description of seg-
ments structure and the illustration of a fault source as
itused in PSHA analysis. Figure 5 shows an example for
Japan of the collection of active fault sections included
in the GFE database.

The second phase focused on populating this data-
base with information included in the most recent and

advanced databases of active faults available. The data-
bases of active fault incorporated into the GEM Faulted
Earth (GFE) database are the following ones:

- The New Zealand active fault database (Jongens
and Dellow [2003]; http://data.gns.cri.nz./af, last ac-
cessed on September 2014).

- 'The active fault database of Japan (https:/ / gbank.
gsj.jp/ activefault/index_e_gmap.html, last accessed on
September 2014).

- The quaternary fault and fold database of the
United States (Machette et al. [2004]; http:/ / earthquake.
usgs.gov/hazards/qfaults/, last accessed September
2014).

- The Australian neo-tectonic feature database (Clark
etal. [2011]; http:/ /www.ga.gov.au/ earthquakes/static
PageController.do?page=neotectonics, last accessed
September 2014).

- The Alaska quaternary fault and folds database
(Koehler et al. [2012]; http:/ /www.dggs.alaska.gov/
pubs/id/23944, last accessed on September 2014).

The Faulted Earth project also developed, in col-
laboration with the Science and Technology teams at
the GEM Secretariat, a web based tool for the compila-
tion of information describing active faults from punc-
tual data collected in the field to fault descriptions that
can be readily ported into an hazard input model.

The GEM Faulted Earth project promoted also a
number of auxiliary initiatives aimed at creating a com-
prehensive framework for the incorporation of faults
into hazard models. A special task group worked on
the creation of a global database of subduction inter-
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face sources [Berryman et al. 2014] while a second one
worked at appraising the available magnitude scaling
relationships available for different tectonic contexts
[Stirling et al. 2013].

2.5. Global ground motion prediction equations

The Pacific Earthquake Engineering Research Cen-
ter (PEER) coordinated the “Global GMPEs” (GGMPEs)
project, a project that had the primary goal of select-
ing a suite of Ground Motion Prediction Equations
(GMPESs) to be used for hazard calculation at global
scale. A secondary, though not less important, objec-
tive of this project was to define a framework for the
selection of GMPEs for hazard analysis in different tec-
tonic contexts and regions of the world. While the first
goal has clearly a more immediate application - given
the high number of new GMPEs published every year
- the second goal provides ways to maintain the suite
of GMPEs updated.

The GGMPEs project was organized into six tasks:

1. Definition of a consistent strategy of modelling
ground motion: (a) Consistency in model parameters;
(b) Consistency in site parameters.

2. Compilation and critical review of GMPE:s.

3. Selection or derivation of a global set of GMPEs.

4. Inclusion of near-fault effects.

5. Database of Recorded Waveforms.

6. Specifications for compilation of a global data-
base of Soil Classification.

The first task provided guidance on the most suit-
able predictor variables to be used for the construction
of empirical ground motion prediction equations (e.g.
magnitude type, magnitude range commonly covered,
rupture-site distances), as well as on the intensity meas-
ure types that should be used for representing the in-
tensity of the shaking.

The second task leveraged from the extensive re-
view of the literature related to ground motion pre-
diction equations, continuing the extensive archiving of
GMPEs initiated by Douglas [2001] and updated in
Douglas [2011a]. Starting from this large collection of
models, and in order to obtain a doable number of
models, the pre-selection criteria proposed by Cotton
etal. [2006] had been applied in a manner as to balance
the need to cover, to the largest extent possible, the
epistemic uncertainty within the smallest set of poten-
tial GMPEs to be analysed within task 3.

Task 3 focused [Stewart et al. 2013, 2015] on defin-
ing a general transparent strategy for the selection of
ground motion prediction equations which is based on:

Legend
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Figure 5. Example of fault section traces included in the GEM Faulted Earth database. Earthquake epicenters belong to the ISC-GEM cat-
alogue [Storchak et al. 2013]; the radius of the circles used to represent the epicenters is proportional to the rupture length while the face

color indicates the hypocentral depth as explained in the legend.
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Reference

GMPE acronym

Notes

Subduction sources

Abrahamson et al. [2015]
Atkinson and Boore [2003]

Zhao et al. [2006]

AEA12

ZEA12

Stable continental regions

Pezeshk et al. [2011] PEA11
ey vy s
Toro et al. [1997] TEA97 This model includes the updated

proposed by Toro [2002].

Active crustal regions

Akkar and Bommer [2010]
Chiou and Youngs [2008]

Zhao et al. [2006]

ZEA06

Table 1. Ground motion prediction equations selected by the Global GMPEs project for the calculation of seismic hazard at a global scale

[Stewart et al. 2013, 2015].

- The study of the predicted values of ground mo-
tions in a multidimensional space composed by the
most important predictor variables (e.g. magnitude,
rupture-site distance etc.);

- The analysis of the functional form;

- The completion of several quantitative tests as-
sessing the level of agreement between the predicted
values of shaking and the values observed.

The set of GMPEs selected is summarized in Table
1. The project highlighted issues related to GMPE se-
lection in less well-constrained tectonic regions, such
as volcanic areas, deep non-subduction areas (e.g.
Vrancea) and areas affected by earthquakes with prop-
agation paths within oceanic crust. Recognising the
limitations of the current knowledge in such regions,
however, the group refrained from providing a specific
GMPE selection in those cases.

Stewart et al. [2013] suggest that nonlinear site am-
plification models should be preferred to the linear site-
correction terms and provide guidance on how GMPEs
should be modified in this sense.

Task 4 addressed the problem of incorporating near
source effects into the modelling of ground motion
while task 5 compiled a collection of strong ground mo-
tion databases. Finally, the last task of the project pro-
vided guidance for the construction of a database of
soil information.

Campbell et al. [2013] combines the GMPEs in-
cluded in the GEM Global Ground Motion Prediction
Equation to create a ground motion models for loss es-

timation in Australia based on the hazard model pub-
lished by Geoscience Australia in 2012.

Haendel et al. [2015] uses the set of GMPEs pres-
elected by Douglas [2011b] for the subduction envi-
ronment to create a mixture models for an area in the
northern of Chile. These authors prove that in the se-
lected area the values of ground motion computed
with mixture models when compared against observed
data outperforms single GMPEs.

3. Challenges in using GEM global datasets for seismic
hazard assessment at regional and national scales

In promoting global projects, GEM’s principal aim
had been the production of information supporting the
development of new regional and national seismic haz-
ard models. The results achieved by these projects are
an unprecedented collection of information in terms
of homogeneity, global coverage and overall quality.

In the following we discuss some recommenda-
tions and signal some critical aspects that in our opinion
should be considered in creation of hazard source mod-
els and ground motion models based on the outcomes
of the GEM hazard global components.

3.1. Earthquake catalogues

Within probabilistic seismic hazard analysis the
processing of catalogues is still the primary informa-
tion used for the characterization of distributed seis-
micity. However, the use of earthquake catalogues in
regional and national seismic hazard assessments still
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presents at least two major issues: (1) the compilation
of an homogenous catalogue starting from a set of non
uniform catalogues and (2) the selection of the best al-
gorithms (and the parameters needed for their use) for
processing seismicity from the original seismicity cata-
logue until the calculation of the parameters charac-
terizing the magnitude-frequency distribution.

Figure 6 shows a comparison between the SHARE
and ISC-GEM catalogues for a rectangle covering part of
southern Europe in a time-magnitude space. This plot
emphasizes the necessity of complementing the ISC-
GEM catalogue with regional (and/ or national) databases
since the ISC-GEM alone does not provide sufficient in-
formation to comprehensively characterize seismicity oc-
currence in the intermediate and low magnitude range.

The recent literature contains several interesting
examples describing the creation of harmonized seis-
micity catalogues specifically created for seismic hazard
analysis purposes. Beauval et al. [2013] for example de-
scribe the process adopted for the construction of a
composite catalogue starting from the information in-
cluded in a number of national, regional and interna-
tional datasets. The procedure described shows a
possible example of how GEM global catalogues can
be combined with local catalogues for the construction
of seismicity catalogue for hazard analysis.

The catalogue processing is usually the result of a
sequence of different operations: declustering, com-

pleteness analysis, magnitude-frequency distribution se-
lection and calculation of the corresponding parameters
via regression analysis. In this case, the recent literature
contains few contributions discussing the impact on
hazard results of the procedures adopted for the pro-
cessing of seismicity. The documentation accompany-
ing PSHA input models, seldom discusses the details of
the procedure adopted to process the catalogue and to
characterize the magnitude-frequency distribution.
Christophersen et al. [2011] discusses the impact of dif-
ferent declustering methods on the final values of haz-
ard and conclude that the choice of the algorithm has
limited impact on high values of shaking (above 0.4 g).
The PSHA model used to complete this study is the 2010
New Zealand model [Stirling et al. 2012], which is a
combination of faults and distributed seismicity sources,
the latter modelled through grid sources created by
smoothing seismicity. The hazard at low values of an-
nual frequency of exceedance is most probably con-
trolled by faults and this might justify the little impact
of declustering observed for high values of hazard.
The GEM Hazard Modeller’s Toolkit contains a
large number of algorithms commonly adopted for the
characterization of seismic sources based on earthquake
catalogues. This suite of tools will hopefully help in mak-
ing the PSHA input model preparation process more
transparent and in understanding even further the impact
of different algorithms on the final values of hazard.
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Figure 6. (Left panel) Time-Magnitude plot showing the earthquakes included in the ISC-GEM and SHARE catalogues. The earthquakes in
this plot have magnitude larger than 4.0 and epicentral location included between longitude 0° and 25°E and latitude comprised between
38°N and 55°N. (Right panel) Histograms showing the distribution per magnitude bins (0.1 magnitude units width) of the two catalogues
considered in this example. The green dashed line shows the completeness intervals proposed by Michael [2014].
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3.2. Active fault data

State-of-practice seismic hazard models for active
tectonic regions nowadays should include fault sources.
However, the database of active fault produced by the
GEM Faulted Earth initiative does not cover large parts
of the world. The plan is to integrate the GFE database
with the information produced within regional proj-
ects such as in the case of SHARE, EMME, EMCA and
SARA. We also hope that people looking at the fault
related information that will distributed publically
through the OpenQuake-platform will feel more eager
to share information and therefore improve the overall
spatial coverage of the GEM databases.

From a methodological perspective, one of the
major issues related with the incorporation of faults
sources into regional PSHA models pertains to the cor-
rect treatment of epistemic uncertainty and the inher-
ent calculation complexity. Information about faults
can be collected using different methodologies [e.g.
McCalpin 2009], though a majority of cases the basic
information coming from observation is punctual i.e.
it refers to a specific observation point of an active fault
structure, therefore an effort in reconciling these ob-
servations in order to define an overall description of
fault characteristics is generally asked to the earthquake
geologist. The large epistemic uncertainties connected
with this process and the necessity to formally account
for epistemic uncertainties in the PSHA model build-
ing process indicate the importance of a strong inter-
action between experts of different disciplines and
particularly between earthquake geologists and hazard
modelers.

3.3. Strain rate

The use of strain modeling for probabilistic seis-
mic hazard analysis is still a research topic. The scien-
tific literature contains only few examples discussing
the incorporation of strain in the construction of the
PSHA seismic source model. Mazzotti et al. [2011] use a
logic tree methodology to incorporate seismicity rates
inferred from a statistical analysis of catalogues with
the ones obtained from strain using the classic Kostrov
[1974] formula.

Extensive research on the best approaches having
the capacity to incorporate geodetic surface deformation
information into a seismicity occurrence model had been
performed in the framework of the UCERF projects
(Uniform California Earthquake Rupture Forecast; Field
et al. [2009, 2014]). In UCEREF2 for example the slip rate
on some faults as well as the rates for type-C sources were
constrained using strain values derived from geodesy.

Bird and Liu [2007] proposed a methodology pro-
viding long-term seismicity forecasts using a kine-
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matic model describing the recent tectonic process, the
methodology used by Bird et al. [2015] to compute a
global earthquake forecast model. A forecast model is a
first very important step toward the creation of a re-
gional hazard model but technical speaking is not PSHA
Seismic Source model (Weatherill and Pagani [2014]
briefly discusses the differences between a forecast model
and a hazard model). The SHIFT methodology can be
adapted to obtain the information needed for the cre-
ation of a hazard model and, according to authors’
opinion, it offers the most viable option for incorpo-
rating strain into PSHA regional models.

3.4. Ground motion prediction equations

The GGMPE project completed a comprehensive
study and provided an initially recommended set of
GMPEs. Recognizing the need to keep this set of GMPEs
updated with time they also suggested a methodology
to be adopted for the selection of GMPEs. The GEM
Ground Motion toolkit comprises most of the tools
needed to implement the recommendations of Stew-
art et al. [2015].

4. Conclusions

We summarized the main achievements of the five
global projects supported by the Global Earthquake
Model initiative during the first implementation phase
(2009-2014) and we briefly discussed examples of appli-
cations as well as challenges in incorporating their re-
sults into new seismic hazard models.

Most of the datasets and guidelines produced by
these projects constitute an improvement of our knowl-
edge of the earthquake process and particularly of the
most relevant components of regional probabilistic seis-
mic hazard input models. The challenge is now to iden-
tify the missing gaps and promote mechanisms that will
help maintaining these products updated and improved.

The GEM datasets currently do not contain infor-
mation on site conditions, this is a gap that GEM aims
to incrementally fill in the second implementation phase
mostly though accumulation of open knowledge that
will be collected and produced by new projects we will
be carrying out in different parts of the world. GEM does
not envision sponsoring for the second implementation
phase projects similar to the ones described in this paper.
Cooperation with the scientific community remains
nevertheless a primary goal of GEM; the ambition is to
do it though a large and diffuse number of projects.
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Appendix

Useful links and on-line resources

We provide herein a short summary of the re-
sources accessible on-line for the different GEM hazard
global components.

The personnel of the International Seismological
Centre constantly update the ISC-GEM catalogue. The
most recent version of the ISC-GEM catalogue can be
downloaded from their website at the following link:
http:/ /www.isc.ac.uk/iscgem/download.php (last ac-
cessed on September 2014).

The Global Historical Earthquake Catalogue and
Archive can be accessed at the project website (http://
www.emidius.eu/GEH/, last accessed on September
2014) where the catalogue can be also downloaded.

The GEM Global Strain Rate model (GSRM2) ver-
sion 2.0 is accessible and downloadable from the UN-
AVCO website (http:/ / gsrm2.unavco.org/, last accessed
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on September 2014). Version 2.1 of the GEM Global
Strain Rate model is available on the GEM website
(http:/ /www.globalquakemodel.org/what/seismic-
hazard/strain-rate-model/, last accessed on September
2014).

The final report of the GEM Global GMPEs had
been published as a joint PEER-GEM report and is avail-
able on the PEER website (http:/ /peer.berkeley.edu/
publications/peer_reports/reports_2013/webPEER-
2013-22-GEM.pdf, last accessed on September 2014).
The reports of the different tasks can be downloaded
from the web page dedicated to this project on the GEM
website (http://www.globalquakemodel.org/what/
seismic-hazard/gmpes/, last accessed on September
2014).

The reports produced by the GEM Faulted Earth
Project can be downloaded from Nexus, GEM’s collab-
orative platform at the following link (http:/ /www.nex
us.globalquakemodel.org/gem-faulted-earth/posts).

The GEM Hazard Modeller’s Toolkit and the GEM
Ground Motion Toolkit can be downloaded from
Github at the following link: https:/ / github.com/GEM
ScienceTools (last accessed on September 2014).

The OpenQuake-engine and the GEM Hazard Li-
brary are available on GEM’s area on Github: https://
github.com/GEM (last accessed on September, 2014).

All the GEM datasets and PSHA input models will
be accessible and downloadable from the GEM Open-
Quake-platform, which will be publicly released at the
end of 2014.

*Corresponding author: Marco Pagani,
GEM Hazard Team, GEM Foundation, via Ferrata 1, Pavia, Italy;
email: marco.pagani(@globalquakemodel.org.

© 2015 by the Istituto Nazionale di Geofisica e Vulcanologia. All
rights reserved.
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