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S Projects and GMPEs
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First-Year Evaluation of the INGV-DPC Seismological Projects

IEC observes that:

Projects S2, S3, and S4 all involve the development and/or 
evaluation of attenuation relationships, and there seems to be
little convergence (perhaps only in terms of a fragmentary
discussion) on which are most appropriate for the different
uses. 

It therefore would be useful to have a process by which these
issues were discussed broadly and openly, and perhaps the
ad hoc group mentioned above could facilitate and coordinate 
this process.



QUESTIONS
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A workshop was organized on June 2009 with the 
aim of discussing the following questions:

Do the S-Projects use different GMPEs because 
they are applied with different aims?

Does it make sense to seek the most appropriate 
GMPEs for the Italian territory?

Does it make sense to use regional GMPEs?

Workshop Presentation Slides: 
http://esse4.mi.ingv.it



S-Projects -AIMS
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S2 Several ground motion prediction models have been 
adopted in the Project, suitable of being implemented in 
CRISIS++ as built-in options (in terms of external DLLs), 
in addition to those already contemplated in the 
previous versions of the code.

S3 Several ground motion prediction models have been 
adopted in the Project, both European and regional 
scale, to generate Shake Maps

S4 Two ground motion prediction equations have been 
developed in the Project, suitable to identifying  peculiar 
earthquake and stations and to testing different site 
scheme classification



FORMAT
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Before the workshop, each Project compiled a report on the 
adopted GMPEs through common format 

Origin of Data set  #Earthquakes #stations #Recordings Magnitude* 
Range 

Distance*
Range 

Depth 
range 

Regional/Global/Italian       
       
 

DATA SET

EQUATION Y = F(M,R, S, F,…)
Predicted 
variable 

Component Units Standard 
deviation 

 
Saturation 
at short 
distances 

Geometrical 
spreading 
M-
dependent 
 

Anelastic 
attenuation 

Site 
classification 

Style of 
Faulting 

Directivity 
term 

Hanging/Foot 
wall 

 

MODEL FUNCTIONAL FORMS



SUMMARY - 1
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S-Projects adopt: 

Global GMPEs (Boore and Atkinson, 2008; Cauzzi and 
Faccioli; 2008) S2-S3

European GMPEs (Akkar and Bommer; 2007a and 2007b) 
S2-S3

Italian GMPEs (Bindi et al; 2009; Di Alessandro et al; 2009; 
Sabetta and Pugliese, 1996) S2-S4

Regional attenuation model obtained by the 
parametrization of observed Fourier spectra (Malagnini et al.; 
2000, Scognamiglio et al., 2002; Morasca et al.; 2006 ) S3

Synthetic data computed with finite-fault simulation
techniques S1



SUMMARY - 2
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The various GMPEs predict:

Variables
•Peak ground motions (PGA-PGV) 
•Spectral ordinates (PSV, PSA, SA, DRS) up to 2s and 20s at 
different periods

Ground motion components
•Maximum Horizontal component - H; 
•Geometrical mean between horizontal components - GH;
•Orientation Independent Ground Motion - GMRotI50;
•Vertical Component
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SUMMARY - 3
Model Parameters

Distance [km]         Magnitude: Mw, Ml

Global Rjb 0 – 200 5.0 - 7.6
Rhypo

National Repi, 0 – 200 4.0 - 6.9
Rhypo
RJB 

Regional Rhypo 20 – 200 1.2 - 6.0

Site term
vs30, dummy variables (0, 1, 2), Predominant Period

Functional form
Geometrical spreading M-dependent
Style of faulting
Anelastic attenuation (Di Alessandro et al.; 2009) 



COMPARISON
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Various approaches can used to compare ground motions
from different GMPEs :

1. direct comparison of median predictions of a particular
ground motion parameters from GMPEs; 

2. evaluation of the consistency of data distributions with
respect to a GMPE using statistical techniques
(likelihood).
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MEDIAN VALUES
M 6.3 Rock site

Proper 
adjustments 
should be 
applied to 
convert 
distance 
metric, ground 
motion 
components, 
site 
classification



MEDIAN VALUES
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Italian GMPEs
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MEDIAN VALUES
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MEDIAN VALUES
Regionalization of the attenuation
relations for M <5.5 events
(Malagnini et al.). 
For M ≥ 5.5 events the relations of 
Akkar and Bommer 2007 are 
used. Colors in 
PGA and PGV match the zones.
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STANDARD DEVIATIONS
Total Standard deviation:

• Inter-event, intra-event Standard deviations
• Standard deviation dependent on Magnitude
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WHAT COULD WE DO?

Evaluating the applicability of existing GMPEs at 
Italian Territory

Deal with the problem of regional vs global
GMPEs

Developing new GMPEs
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APPLICABILITY OF GMPEs
The primary goal should be to determine whether existing
GMPEs are applicable for different uses in Italian territory.

Residual analysis could be performed, examing the 
average residuals, binned by distance and magnitude, 
from observed and predicted ground motion values.

Observed strong motion data-set should be defined
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The L’Aquila The L’Aquila earthquakeearthquake



Il terremoto dell’Aquila: forme d’onda e spettriIl terremoto dell’Aquila: forme d’onda e spettri
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The 2009 Abruzzo data set
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300 records from M 4.0 to 6.3 within epicentral distances of 
200km



The 6 April 2009  L’Aquila earthquake
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CF08 ITA08 SP96



DATA vs GMPEs
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OVERALL BIAS
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The observed ground
motion is over-estimated by
the National and Global
GMPEs

ITA08 = - 0.31

CF08 = - 0.30



Dependence on M and R
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CF08

ITA08



COMMENTS
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Near source data are under-estimated by GMPEs but, 
globally, the GMPEs overestimate the Abruzzo ground 
motions

The complexity of the problem cannot, of course, be simply 
solved within the S-Projects and specific studies should 
be devoted to this topic as in recent or future international 
projects 
(e.g., PEER-NGA project, 2008 and the ongoing GEM and 
SHARE projects) 



ROME, 19 - 21 OCTOBER 2009

Scope
The objective of the project is to develop new ground motion

prediction relations through a comprehensive and highly
interactive research program.

Requirements
Parameters, Ground motion components, Seismotectonic

enviroment, Moment magnitude, distance, Focal
Mechanism, distance range; common classification
schemes

Dataset
The development of the NGA models would not have been

possible without the PEER-NGA database.



NGA PROJECT - GMPEs
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5 sets of ground-motion models were developed for shallow
crustal earthquakesin the western United States and 
similar active tectonic regions. 

The models were developed for wider ranges of magnitudes, 
distances, site conditions,

The NGA models were in terms of the average horizontal
component of ground motion. 

Each NGA developer team developed its model 
independently but with frequent interaction with the other
developers



EUROPEAN PROJECTS-SHARE
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1. Derive and characterize ground shaking in Europe for
specified rock-conditions, with the corresponding
calibrations for application to different soil classes in 
Europe. 

2. Coordinate the ground-motion specifications with the EC8 
requirements. 

3. Build a European-wide consensus on the understanding
of expected strong ground motions. 
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EUROPEAN PROJECTS - GEM
Requests for Proposals
T1.Define a consistent strategy and methodological approach to model 

ground motion in areas of different tectonic regime and different rate 
of earthquake occurrence, and to characterize rock conditions and soil
classes, compatible with existing classification schemes

T2. Compile and critically review recent GMPE models, including
NGA�type models, with the aim of building a global compilation.

T3. Select or derive a global set of GMPE models to cover the main
tectonic environments.

T4. Derive a set of specific Ground Motion Prediction Equations to
address the issue of near fault strong ground motions……more



Criteria to select GMPEs (from S2)
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It is not strictly necessary that the S Projects use the same 
GMPEs, but compiling a list of preferable - suggested 
consolidated - models for strong ground motion prediction 
is  advisable.

• Should be recent.
• Should represent a notable improvement with respect to previous 

models by the same authors or for the same region.

• Should be developed on the basis of large datasets
• Should include terms describing the influence of local ground 

categories. 
• Should include style-of-faulting terms (if not, the motivations for 

neglecting such effects should be documented by the authors)
• Should deal with response spectral ordinates,
• Should reliably cover a broad vibration period range



CONCLUSION
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A product of the workshop held in June 2009 will be a critical review of 
the existing GMPEs used in the S-Projects, provided with their limits 
of applicability to have a clear frame of reference about the models 
that can be adopted in Italy for ground motion predictions. 

From Sabetta 2009
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