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1. Scope and Description of the Deliverable  
 
1.1 Data set 
The ground motion prediction equations have been derived over the magnitude range 4-
6.9, considering epicentral distances up to 200 km and hypocentral depths smaller than 
30 km. The moment magnitude and the distance form the fault (Joyner-Boore distance) 
have been considered as explanatory variables. When these values were not available, the 
epicentral distance and the local magnitude have been used. The number of considered 
recordings is 1213, from 218 earthquakes recorded by 353 stations. The stations have 
been classified into 5 classes accordingly to EC8 (class A: 524 records; class B: 347; 
class C: 260; class D: 26; class E: 56) and the focal mechanisms have been categorized 
into four classes (Normal, 696 records; Reverse, 145; Strike Slip, 87; Unknown, 285). 
Figure 1 shows the magnitude versus distance scatter plot of the considered recordings. 
 

 
Figure 1. Magnitude versus distance scatter plot (points with Joyner-Boore distance less 
than 0.1km plotted at 0.1 km). Left: the circle colors indicate the EC8 site classification. 
Right: the circle colors indicate the style of faulting.  
 
 
1.2 Functional form 
The functional form used for the regression is the same considered by Boore and 
Atkinson (2008) to derive their equations for NGA, but considering the EC8 site 
classifications and not including the non-linear site terms. The functional form is the 
following 

( )[ ] ( ) ( )
sofS

refJBrefJBref

FFMF

RhRcRhRMMcceY

+++

+−+++−++=

)(                  

/loglog 22
3

22
1021110  (1) 

 
where e1, c1, c2, c3, h, Mref, Rref are coefficients to be determined in the analysis. Rjb is the 
Joyner-Boore distance [km] and M the magnitude. The strong motion parameters Y 
considered for the regressions are the peak ground acceleration, PGA (gal) and velocity, 
PGV (cm/s) and 5% response spectra in acceleration, SA (cm/s2). The functional F(M) is 
given by:  
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where e5, e6, e7 and Mh are coefficients to be determined in the analysis. The functional 
form FS represents the site amplification and it is given by FS=sjCj, for j=1,...5, where sj 
are the coefficients to be determined during the analysis while Cj are dummy variables 
used to denote the different EC8 site classes (i.e., A, B, C, D, E). 
The functional form Fsof represents the style of faulting corrections and it is given by 
Fsof=fjEj, for j=1,...4, where fj are the coefficients to be determined during the analysis 
while Ej are dummy variables used to denote the different site classes. We considered 4 
style of faulting classes: normal (E1), reverse (E2), strike slip (E3) and unknown (E4).  
After some trials and following some of the results of Boore and Atkinson (2008), the 
following choices have been performed: Rref=1 km; Mref=5; Mh=6.75; e7=0. In 
developing the analysis, the site coefficient s1 of class A was constrained to zero and used 
as reference for the other coefficients. We also constrained to zero the style of coefficient 
f4 for the unknown class, as well as the average of the style of faulting coefficient (f1+ 
f2+ f3=0). In all, we calibrated the model over 13 parameters (e1, c1, c2, h, e5, e6, s2, s3, s4, 
s5, f1, f2, f3). 
The regressions are performed by applying a random effect approach (Abrahamson and 
Youngs, 1992) to the geometrical mean of the horizontal components (GeoH) and for the 
vertical one (Z). 
 
 
1.3 Results 
 
The values of the coefficients obtained for the GeoH and Z components are listed in 
Table 1 and Table 2 of the Appendix. They are also listed in the enclosed Excel file. 
Figures from 2 to 6 show the comparisons between predictions and observations for the 
strongest earthquakes occurred in Italy since 1972 (i.e., Irpinia 1980, L’Aquila 2009, 
Molise 2002, Friuli 1976, Umbria-Marche 1997), considering the SA ordinates at 0.1 and 
1s. The comparisons are shown for three soil classes (A, B, and C). A general good 
agreement is observed. Regarding the Friuli earthquake, the fours class A stations 
exceeding the predictions at the period 0.1s are ASG, FLT, MLC and TRG. The inter-
station errors, εsta, normalized to the inter-station standard deviation, σsta (see Deliverable 
D9, Appendix A) have been calculated for these stations. The results, shown in Figure 7, 
confirm that large errors affect the predictions at high frequencies, with the exception of 
station BRC, corresponding to the observation at 37 km, which does not show any 
significant error. 
The derived GMPEs are also compared to models previously derived. Figure 8 show the 
comparison with the Sabetta and Pugliese (1996) model, considering the PGA for a Mw 
6.3 earthquake (normal faulting). In order to avoid the application of conversion 
parameters, a further GMPE has been derived for the maximum of the two horizontal 
components. 
Finally, Figure 9 shows the comparison between the model derived in this study and the 
GMPE of Boore and Atkinson (2008). The comparison is performed for a Mw 6.3 
earthquake considering the spectral acceleration SA at 1 s (left) and PGA (right). This 
comparison confirms that the NGA model well predicts the Italian data at long periods 
but underestimates the decay with distance at high frequency. 

 
 
 



 
 
 
 
 

          
 
 
 
Figure 2. Comparison between median (black line) ±1σ (gray area) prediction and 
observations (white filled circles) for the Mw 6.9 Irpinia earthquake (normal faulting). 
Left: results for spectra acceleration at 0.1 s; right: results for spectral acceleration at 1 s. 
Three different soil classes (A, B, C of EC8) are considered from top to bottom, 
respectively. 
 
 



       
 
 
 
 
Figure 3. The same as for Figure 2 but considering the Mw 6.4 Friuli earthquake (reverse 
faulting). 
 



      
 
 
 
Figure 4. The same as for Figure 2 but considering the Mw 6.3 L’Aquila earthquake 
(normal faulting). 
 



      
 
 
 
Figure 5. The same as for Figure 2 but considering the Mw 5.7 Molise earthquake (strike 
slip faulting). 
 



         
 
 
 
Figure 6. The same as for Figure 2 but considering the Mw 5.7, Umbria-Marche 
earthquake (normal faulting). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

         

          

    
 
Figure 7. Inter-station error, εsta, normalized to the inter-station standard deviation, σsta 
for 5 class A stations that recorded the Friuli mainshock (see Figure 3). Station ASG, 
FLT, MLC and TRG show large errors over the high frequency range (short periods), 
while the normalized error for BRC is bounded between ±1, in agreement with the 
comparison shown in the top panels of Figure 3 (the BRC station has a distance of 37 km 
from the fault projection). 
 
 



                                 
 
Figure 8. Comparison between the median ±1σ PGA predicted by Sabetta and Pugliese 
(1996), in red, and this study (gray area and black line). Observations (circles) are shown 
as well.  
 

                      
 
Figure 9. Comparison between median ±1σ SA at 1s (left) and PGA (right) predicted by 
Boore and Atkinson (2008), in red, and this study (gray area and black line). 
Observations (circles) are shown as well. 
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2. Availability/Restrictions and contact person 
The Deliverables and the electronic version of the tables are available at 
http://esse4.mi.ingv.it. Several researchers contributed to this Deliverable: D. Bindi (UR 
8), L. Luzi (UR 1) F. Pacor, M. Massa,  R. Puglia (UR 1); R. Paolucci (UR 3), A. Rovelli 
(UR 2). The analyses have been performed by D. Bindi (bindi@gfz-potsdam.de). The 
Figures have been drawn with the GMT software [Wessel and Smith (1991). Free 
software helps map and display data, EOS 72, no. 41, 441, 445–446]. 
 
 
 
3. Relevance for DPC and/or for the scientific community 
Since GMPEs are a fundamental tool for any seismic hazard oriented study, this 
Deliverable is of particular interest for those parts of both the seismological and 
engineering community dealing with hazard assessment in Italy. 
 
4. Changes with respect to the original plans and reasons for it 
Due to its relevance for other research activities within Project S4, the development of 
new GMPEs for Italy using strong motion data from ITACA has been decided during the 
second year of project and the Deliverable D14 has been added to the list of expected 
Deliverables. 

http://www.daveboore.com/pubs_online/boore_atkinson_eqspectra_published.pdf
http://esse4.mi.ingv.it/
mailto:bindi@gfz-potsdam.de




Appendix  
 
 
Table 1. coefficients for the Geometrical mean of the horizontal components (acceleration in cm/s2, velocity in cm/s) 

 
 
 
 
Table 2. coefficients for the vertical component (acceleration in cm/s2, velocity in cm/s) 

 


