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Executive Summary 

 

 

This report gives an updated description of the work in progress that the technical integration team is 

implementing. The final report will be delivered after the discussions at the next scientific committee 

meeting. 

 

The work shown is intended as an update and an extension of the previous year work (phase I). 

 

The report is organized in 11 chapters that recall in the introduction the main findings of the previous 

year work. 

 

In the Appendices, additional results and graphs are provided.  
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1. Phase I WP4 work 

The work done in the first phase of Sigma (Phase I) by the POLIMI team concerned SH in the 

Po Plain region of Northern Italy and was addressed to exploring the influence of the (mostly) 

epistemic uncertainties associated to three key input elements to the analysis, namely: 

 the model of extended seismic source zones (SSZs) 

 the description of earthquake occurrence in time 

 the ground motion attenuation relations.  

The work significantly benefitted from the results of earlier Italian research projects, carried 

out between 2004 and 2010, which provided an initial reference model of SSZs, the 

probabilities of earthquakes of different magnitudes occurring in a given time window, 

needed to compute the hazard from various recurrence models, and the basic tool for PSHA 

(the CRISIS2008 code, updated in 2012).  

A significantly updated SSZ representation was developed, which contained also a 

subduction-like zone to account for the deeper events, never previously considered.  

For the purpose of establishing a baseline hazard evaluation, an initial, rather simple logic tree 

was designed, consistent with the stated scope of the work, and used for PSHA. The results of 

the analyses carried out at the three representative sites in the region (Casaglia, Novellara and 

Tortona) indicated that the variability introduced by the different gridded seismicity models 

(including stationary and non-stationary ones) tended to be larger than that carried by the 

GMPEs and the SSZ description. In absolute terms, in the range of the peak values, the 

current NTC 2008 code spectra on rock tended to be on the low side of the predicted standard 

percentile prediction band. Mean peak UH spectrum values on rock reached or exceeded 1g 

for 10000 years and were significantly higher for the sites on ground type C, like NVL and 

CAS. A comparison of the 475 year predicted spectrum with the spectrum observed during 

the strong Mw 6.1 shock of May 20, 2012, at an additional site (MRN) on the deep Po Plain 

sediments, showed that peak predicted levels were realistic, but not the spectral bandwidth, 

presumably because of the strong influence of site effects on such sediments.  
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2. Phase II work 

In this second stage a few tasks just sketched in the first phase were now more deeply 

inspected. 

In particular, concerning fault sources, these were previously treated only through one of the 

gridded, non-stationary seismicity descriptions. To this end, the necessary input takes into 

account both the tectonic setting of the May – June 2012 sequence of strong earthquakes 

occurring in the region and the interpretations thereof expected from other Italian research 

groups of SIGMA (notably INGV). Another topic taken into account is the dispersion in 

activity rates introduced by magnitude conversions. A special care has been devoted to the 

updating of the catalogue as well. 

Moreover, a planned use of the “single-station”, non-ergodic sigma has been introduced in the 

hazard calculations, based on the analyses of the acceleration records available for the sites of 

interest. 

Concerning GMPEs selection, a significant updating is introduced with respect to phase I; in 

accordance with the SHARE project general criteria (Delavaud et al. 2012) for active shallow 

crustal regions (ASCR), we used the most updated, published versions of the equations 

adopted therein. 

Finally, concerning site effects, different approaches have been explored and compared in 

terms of hazard curves and spectra. 

The flow chart of Figure 1 sketches the new tasks explored in this phase.  

 

 

 

Figure 1 – Flowchart of new activities. 
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3. Catalogue and magnitude conversions 

Phase I working catalogue was updated to the end of January 2012. The conversion law 

adopted to translate Ml values to Mw ones was the one of CPTI11 (Rovida et al. 2011).  

In order to verify the reliability of this law, a selected set of magnitude data was assembled, 

representative of the very recent Po Plain seismicity, with Ml values taken from the INGV 

Seismic Bulletin or Iside database and corresponding Mw values from INGV moment tensor 

solutions (http://cnt.rm.ingv.it/tdmt.html, Pondrelli et al., 2011). The data (blue dots in Figure 

2) were fit with a straight line as shown in the figure. For comparison purposes, other existing 

correlations are displayed. The data we used for the present least squares fit range from Ml 

4.3 to 5.9. The yellow band shown in the figure represents the spread of the correlation laws 

calibrated by Gasperini et al. (2013), using general orthogonal regressions (GORs), with an 

Italian dataset spanning over different periods of time, from 1981 to 2010. 

 

 
Figure 2 – ML versus Mw for the Po Plain collected database (blue dots), using Quick Regional 

Moment Tensors solutions (QRMT) from Pondrelli et al. (2010) for moment-magnitude estimation. A 

linear fit (blue line) was used to fit the data. Other ML - Mw correlation laws are plotted for 

comparison. Note that the blue dots include: the 2012 Emilia sequence, the 25.01.2012, 17.07.2011, 

23.12.2008 and 15.10.1996, the magenta dots include events from l’Aquila 2009 sequence. The orange 

band shows the range of the correction laws proposed by Gasperini et al. (2013) for the Italian data. 

M
w
 = 0.812M

L
+1.145 

Mw = 0.0376 ML
2+ 0.646 ML + 0.53 

http://cnt.rm.ingv.it/tdmt.html
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Note that the sample size of the database we assembled to test Ml-Mw relationship is actually 

of 27 events. However, we did not intend to formulate a custom made conversion 

relationship, but to gain a feeling of the goodness of the conversion relationship we are 

actually relying on (the one adopted in the official CPTI11 catalogue, red line in the following 

plot). The LS fit we find (blue line in the plot of Figure 2) is very close to the basic result of 

the study of Gasperini et al. (2013), which establishes, for Italian earthquakes, an Ml:Mw 

scaling close to 1:1, with an average offset of 0.2. 

The above findings show that the ML - Mw correlation used in previous Phase I (red line in 

previous figures) is not suited for events with Mw < 4.5, because of clear overestimation of 

Mw. For Mw > 4.5, the same conversion is closer to our least square fit and to other most 

recently published correlations. 

For this reason we decided to update our working catalogue (now up to August 8
th

 2013), 

keeping only events from Mw = 4.5. In this way, the use of a conversion is no longer needed. 

This is because most of the MW ≥ 4.5 events come directly from the CPTI11 catalogue 

(updated to 2006), while MW values of more recent events ≥ 4.5 derive from the cited 

database of moment tensor solutions. 

Since these findings apply for all SSZs, computation of updated G-R parameters for new 

hazard results has been carried out with Mw min 4.5 (instead of 2.5, as in Phase I), and 

without introducing magnitude conversion. 

Other two reason support this low cut of Mw: coherence with the SHARE project (where Mw 

min 4.3-4.5 was used in G-R computations) and the fact that 4.5 is the threshold for earthquake 

induced damage of engineering interest. 

3.1. Updating of working catalogue 

The “old”, i.e. Phase I, catalogue was updated by searching in ISIDe database 

(http://iside.rm.ingv.it/) all events from February 2012 (last date in old catalogue) up to 

August 2013, and adding them. Note that the ISIDE database is nowadays the most updated 

Italian catalogue, providing revised information about the very recent seismicity, as soon as it 

is available. ISIDE lists ML values, while the corresponding MW values were found in 

moment tensor solutions in http://www.bo.ingv.it/RCMT/, see Pondrelli et al. (2011). Only 

mainshocks with Mw ≥ 4.5 have been retained at the end. Figure 3 shows with red stars the 

main events available for the updating of the old working catalogue (the SSZ shown are the 

ones defined in Phase I work, to which we refer for reference). Two events pertain to SSZ 

915, while the others pertain to the two SSZs that mainly control the seismic hazard at the 

selected sites, that is 911 and 912+913+914; all these SSZs were used in the following tests.  

http://iside.rm.ingv.it/
http://www.bo.ingv.it/RCMT/
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Figure 3 – Events subsets of Phase I, working catalogue associated to adopted SSZ (yellow polygons). 

The green polygon is the surface projection of the sinking slab. Red stars show the events added in the 

updating of the catalogue. 

3.2. Updating of GR parameters 

The computation of GR parameters has relied on the same completeness periods defined in 

Sigma Phase I work, and on the same procedures (the maximum likelihood method) but 

starting from a minimum value Mmin = 4.5, against 2.5 in Phase I. As shown in Figure 4, 

Figure 5 and Figure 6, results change as a different Mmin value is considered, or as the 

catalogue is updated, for all SSZs. One may note from the following figures that by the 

changes just introduced better frequency – magnitude fits are obtained. Starting from lower 

minimum magnitudes, as in Phase I, would have likely required a bilinear fit to appropriately 

adjust predictions to observations. 

 

      new events 
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Figure 4 – SSZ 912+913+914, maximum likelihood (ML) estimation of G-R parameters. Top left: 

Phase I catalogue, Mmin 2.5. Top right: Phase I catalogue, Mmin 4.5. Bottom: updated catalogue, 

Mmin 4.5. 
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Figure 5 – Same as Figure 4, for SSZ 911 
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Figure 6 – Same as Figure 4, for SSZ 915. 

 

Note that reducing the range of Mw values, the G-R parameters as well as their uncertainty 

increase as expected. As regards the b values, they increase by about 15% for the SSZ just 

shown (and about 11% for all SSZ, averaged). We decided to accept these changes, in view of 

the fact that their influence on SH results, as illustrated in the next Section, is moderate, 

leading to slightly more conservative results. We recall here that in the computational code 

CRISIS2008 the b values are input with their estimated variability. 

Table 1 lists the updated values for all considered SSZ (see Phase I deliverable for references, 

and Figure 7 for a sketch of the SSZ model). 

Mmax values have been kept unchanged, while the Mmin value, as said, has been increased to 

4.5. Note that, depending on the “robustness” of the specific catalogue (i.e. number of events) 

each SSZ suffers a different change in b value. Some SSZ see a decrease of b (such as the 

‘slab’), while some other a considerable increase (such as SSZ 916). However, the main 
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changes affect those SSZ having only a minor influence on the hazard at the selected sites. 

Appendix A shows GR estimates for all SSZ. 

 

Table 1 - G-R parameters used in the SH analyses in terms of b values (with corresponding errors 

b)) and total occurrence rates, associated to each SSZ. Last column indicates the percentage of total 

rate assigned to SSZs at different depths.  

SSZ b (b) Mmax 
Mmax 

uncertainty 

Total ann. 
Rate 

M ≥ 4.5 

Depth 
(km) 

% 

901 0.84910 0.26670 6.5 0.4 0.0434 10 100 

902 0.65230 0.16230 6.5 0.4 0.0916 10 100 

905 1.03150 0.08620 - - 0.4197 (total) - - 

   
5.0 0.3 0.08394 4 20 

   
5.8 0.3 0.25183 6 60 

   
6.7 0.3 0.08394 10 20 

906 1.28550 0.24650 - - 0.0904 (total) - - 

   
5.8 0.3 0.02711 6 30 

   
6.7 0.3 0.04519 9 50 

   
6.7 0.3 0.01808 15 20 

907 1.16270 0.19810 - - 0.1254 (total) - - 

   
5.0 0.3 0.02509 4 20 

   
5.8 0.3 0.02509 6 20 

   
6.7 0.3 0.03763 9 30 

   
6.7 0.3 0.01254 13 10 

   
6.7 0.3 0.01254 17 10 

   
6.7 0.3 0.01254 20 10 

908 1.34290 0.26780 6.5 0.4 0.09069 10 100 

909 1.32020 0.24970 6.5 0.4 0.10074 10 100 

910 1.35830 0.23040 6.6 0.3 0.11042 10 100 

911 1.26420 0.28620 - - 0.0701 (total) - - 

   
5.8 0.5 0.02103 6 30 

   
6.5 0.5 0.02805 9 40 

   
6.5 0.5 0.02103 25 30 

912+913+914 1.17580 0.09420 - - 0.5642 (total) - - 

   
5.8 0.5 0.11283 6 20 

   
6.5 0.5 0.22566 9 40 

   
6.5 0.5 0.22566 25 40 

915 1.22480 0.14410 - - 0.2601 (total) - - 

   
5.8 0.3 0.07804 6 30 

   
7.4 0.3 0.13007 9 50 

   
7.4 0.3 0.02601 16 10 

   
7.4 0.3 0.02601 21 10 

916 1.65730 0.24710 - - 0.1694 (total) - - 

   
5.8 0.3 0.05084 6 30 

   
7.4 0.3 0.10167 9 60 

   
7.4 0.3 0.01695 18 10 

slab 0.67060 0.29850 6.5 0.5 0.02766 - - 
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Figure 7 – Layout of the SSZ model adopted in Phase I work (all SSZ with printed number). In red: 

geometry of modified SSZs, in yellow: original ZS9 model. Purple triangles show location of sites of 

interest. In green, the deep subduction plane introduced in Phase I study.  

3.3. Comparing old and new G-R parameters 

In this section we are analysing the variability in exceedance curves resulting from the Phase I 

and the present estimations of G-R parameters. We are looking at exceedance curves and UH 

spectra from Phase I AS model, for the single LT branch 2 (GMPE as specified in the 

following). The computations were run for the CAS and NVL sites, on ground type C, making 

use of all the relevant SSZs, the “coarse” depth distribution of Phase I, and soft SSZ 

boundaries.  

In Figure 8, Figure 9, Figure 10 and Figure 11, the results for the following two cases are 

compared: 

1) old (Phase I) G-R parameters a, b (estimated starting from Mw 2.5), with Mmin = 4.0. 

 (blue curves); 

2) new a,b (computed with updated catalogue starting from Mw 4.5), with Mmin = 4.5. 

 (green curves); 

The computational code is the same as in previous Phase I work: the CRISIS2008 program. 
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The ITA13 (Pacor et al., 2013) GMPE was associated to SSZs with prevailing thrust 

mechanisms and ITA10 (Bindi et al., 2011) to those with normal and strike-slip mechanisms 

(as suggested in Pacor et al., 2013), keeping Zhao et al. (2006) GMPE fixed for the ‘slab’ 

source zone (as explained in Phase I). As shown, the analyses with the new parameters are 

slightly more conservative at short periods (0.1-0.5 s): UH spectra peak amplitudes (at 0.15 s) 

increase by about 19%. 
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Figure 8 – NVL site. Exceedance rate curves of acceleration response spectrum ordinates at 0.05 

damping for different vibration periods. 
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Figure 9 – NVL site. Uniform Hazard acceleration Spectra at indicated RPs. 
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Figure 10 – CAS site. Exceedance rate curves of acceleration response spectrum ordinates at 0.05 

damping for different vibration periods. 
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Figure 11 – CAS site. Uniform Hazard acceleration Spectra at indicated RPs. 
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4. Updating of GMPEs 

Concerning GMPEs selection, a significant updating is introduced with respect to Phase I, by 

which we intend to use:  

1) the updated version of Bindi et al. 2011, developed for Sigma (Pacor et al., 2013), derived 

from the 2012 Po Plain data and other Northern Italy data, for C ground type sites inside the 

Plain, and reverse focal mechanism, combined with the original Bindi et al. 2011, for the 

other ground types and focal mechanisms;  

2)in replacement of Cauzzi and Faccioli (2008) GMPE, the GMPE by Faccioli et al. (2010), 

in an improved version published only recently (Faccioli and Chen, 2012); 

3) the modified version of the Boore and Atkinson (2008)  GMPE, as published in Atkinson 

and Boore (2011).  

 

These GMPEs are retained in accordance with the SHARE project general criteria (Delavaud 

et al. 2012) for active shallow crustal regions (ASCR). Thus, Chiou and Youngs (2008) is 

replaced with Bindi et al. (ITA13 version), because the latter uses, as already noted, a very 

rich regional, entirely Italian, database. Also, the Akkar and Bommer (2010) GMPE, 

recommended by SHARE, has been replaced with the most recent Atkinson and Boore 

(2011), because of its better performance, in terms of ranking analysis, as shown in Pacor et 

al. (2012). As to Faccioli et al. (2010, FEA10 modified) it avoids the problems that may be 

generated for shallow sources by the lack of saturation in Cauzzi and Faccioli (2008) when 

the focal distance tends to zero. 
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5. The single station sigma approach 

For all GMPEs, the so called ‘non-ergodic’ (or “single station sigma”) version is introduced 

in the logic tree, in addition to the standard (ergodic) use, by modifying the GMPE 

predictions through site specific correction factors (S2S) and replacing the GMPE’s sigma  

with the single station sigma (ss,s), see Rodríguez Marek et al. (2011) for the meaning of the 

symbols. As shown in Chen and Faccioli (2013), the S2S factors may in first approximation 

be considered as an intrinsic characteristic of the site and, as such, should be roughly 

independent from the GMPE used to calculate them. Likewise, the ss,s values seem to be 

even less affected by the choice of the specific GMPE introduced for the correction, but these 

indications need further verification. 

5.1. Method of ground motion residual analysis 

Following Rodríguez Marek et al. (2011), a general form of a ground motion prediction 

model can be written as: 

 Yes =μes+δWes+δBe (1) 

where Yes is the base 10 logarithm of the observed ground motion parameter, and μes is the 

median ground motion (log value) predicted by a GMPE. δBe and δWes are the corresponding 

ground motion residuals (or variability), which represent between-event and within-event 

residuals, respectively. 

The between-event (also called inter-event) residual, δBe, represents the average shift of the 

observed ground motion in an individual earthquake, e, from the median predicted by a 

GMPE. δBe can be estimated as follows. For an individual earthquake e, let there be NS 

stations recording the event. Then, the average misfit between observations and predictions 

for earthquake e, using a GMPE, is: 

 

 



NS

s

esese Y
NS

B
1

1


 (2) 

The within-event (also called intra-event) residual, δWes, is the misfit between an individual 

observation at station s from the earthquake-specific median prediction, which is defined as 

the median prediction μes of the model plus the between-event term δBe for earthquake e. Thus 

δWes also represents the difference between an individual observation (i.e., Yes) and the event-

corrected median estimate, i. e. 

 
 eeseses BYW  

 (3) 
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If NEs earthquake events are recorded at station s, the within-event residuals computed from a 

GMPE for that station are used to define the average site correction term, which is 

 




sNE

e

es

s

s W
NE

SS
1

1
2 

 (4) 

δS2Ss is a random variable that represents the average within-event residual at station s and is 

referred to as the site term. For a given station, it takes a deterministic value. Assuming no 

bias in the records obtained at each station, δS2Ss has zero mean and variance ϕs2s
2
. The latter 

quantifies the component of site-to-site variability which is not explained by GMPEs.  

At station s, the between-event and within-event residuals, δBe and δWes, are assumed to be 

normally distributed random variables with respective variances τ
2
 and ϕss,s

2
. The single-

station event-corrected standard deviation (the so-called event-corrected sigma) of the within-

event residuals is defined as 

 

 

1

2
1

2

,








S

NE

e

ses

sss
NE

SSW
S





 (5) 

Then if δBe and δWes are mutually independent for station s, the standard deviation of the total 

residuals at station s is given by,  

 
22

,,   ssssss  (6) 

 

 

5.2. Non ergodic use of GMPEs in hazard analyses 

As said, the main ingredients of a single-station sigma approach to the ground motiona hazard 

estimation are the two coefficients S2S and ss,s, computed as explained in 5.1. These 

coefficients may be used to modify the predictions by a GMPE, in a very simple way. The 

standard error of estimate, logY, of the GMPE is replaced with the ss,s value, while the site 

correction term modifies the GMPE median prediction (GMPE (T)) as follows: 

 

 corrected (T) = GMPE (T) · 10 
δS2Ss(T)  

(7) 
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5.3. Adopted correction coefficients 

The S2S and ss,s values used in our analyses have been borrowed from Pacor et al. (2013) 

analyses with the ITA13 GMPE and the Po Plain database, wich collects data from the 

stations shown for the most part in Figure 12. 

 

 
Figure 12 – Geological map of the stations and earthquake events used in single station sigma analysis 

for Po Plain area. Note NVL station and T821 (=CAS) station. 

 

Figure 13 and Figure 14 show single station sigmas ss,s (left panels) and site terms, δS2S 

(right panels), for CAS and NVL respectively. 14 acceleration records have been used for 

CAS site, and 11 for NVL. We recall here that site terms represents the site-to-site variability 

within a site class, e. g. Eurocode 8 ground type C, that cannot be explained by the GMPE. 

Note that both stations have a negative site correction factor, significantly lower for CAS 

(about -0.4) rather than NVL (about -0.1). Moreover, the single site sigma for CAS are 

significantly smaller than the sigma of most of the GMPEs, and comparable to the sigma of 

AB11. For NVL the ss,s values are significantly higher than GMPEs ones (notably AB11 

one); ss,s remains comparable to the other GMPEs only for periods lower than 0.7 s. 

These differences will have a strong influence on  the PSHA results. In particular, in the case 

of CAS, the reduction of sigma will combine with a negative site correction factor, leading to 

a large decrease of the UH spectral ordinates. On the contrary, NVL will exhibits a different 

behaviour, enhancing predicted spectral ordinates when ss,s is larger than GMPEs ones. As 
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pointed out by Rodríguez-Marek et al. (2011) on Kik-net station data, in Japan, “there is 

significant variability across stations; and, in some cases, the value of single-station standard 

deviations are higher than their ergodic counterpart”.  
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Figure 13 – Results of the residual analysis of the response spectrum ordinates at CAS site. The rhs 

displays the site correction factor S2S, while the lhs shows the site-single station sigma (ss,s). The 

total standard deviation of the GMPEs used in logic tree computations are also shown for comparison 

(i.e.: Bindi et al. (2011) and its 2013 modified version, Atkinson & Boore 2011 and Faccioli et al. 

2010 modified version). 
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Figure 14 –Same as Figure 13, for NVL site. 
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Concerning site correction coefficients for rock type analyses (shown in Figure 15), we used 

Pacor et al. (2013) values from the available ground type A accelerometer stations closest to 

the Po Plain area, all located in the Apennines, that is ZCCA, SSU and NEVI. Mean values 

from these three stations (in thick black lines) have been used to correct GMPEs for non-

ergodic SHAs. Worth noting is that the AB11 sigma value is quite close to the mean ss,s 

curve for the rock stations, which is lower than the Fea10 and Ita13 sigmas. Concerning the 

site correction coefficient, none of these sites could be said to be totally free from local 

amplification (or de-amplification) with respect to the standard category A ground type, as it 

should be for a reference bedrock site.  

 

 
Figure 15 –Results of the residual analysis at ground type A accelerometric stations NEVI, ZCCA and 

SSU (with mean value in thick black line). The rhs displays the site correction factor S2S, while the 

lhs the site-single station sigma (ss,s). The total standard deviation of the GMPEs adopted in logic tree 

computations are also shown for comparison (i.e.: Bindi et al. and its 2013 modified version, Atkinson 

& Boore 2011 and Faccioli et al. 2010 modified version). 

5.4. Comparing non-ergodic and ergodic hazard estimation 

The next figures illustrate a first comparison among the results obtained using a simple AS 

description of the earthquake sources, ground category C characteristics, and the selected 

GMPEs in both their ‘ergodic’ and non-ergodic’ use, in terms of exceedance curves and UHS 

spectra, for the CAS and NVL sites. 



 

Research and Development Programme on  

Seismic Ground Motion 

 
CONFIDENTIAL 

Restricted to SIGMA scientific partners and members of the consortium, 

please do not pass around 

 

Ref : SIGMA-2013-D4-94 

Version : 01 

Date :  October 2013 

Page :  

 

 24 

While the amplitude reduction in the CAS non-ergodic spectra is substantial for all GMPEs. 

for NVL a significant reduction is evident for only two GMPEs: ITA13 (Bindi et al.) and 

FEA10 (Faccioli et al. 2010, modified). For AB11, non-ergodic single site sigma values 

significantly exceed the GMPE standard deviation for all periods (see Figure 14), causing 

non-ergodic hazard curves to be higher than ergodic ones. 

Figure 17 shows the UH spectra of CAS, computed with the Fea10 GMPE, for rock (ground 

type A) conditions. These spectra will be used in the sequel of the work (Sect. 9), to test 

different approaches in accounting for site effects in PSHA. 
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Figure 16 –CAS site. Exceedance rate curves of acceleration response spectrum ordinates at 0.05 

damping for different vibration periods. Ergodic and non-ergodic use of GMPEs.. 
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Figure 17 –CAS site. Uniform Hazard acceleration Spectra at return periods of 475, 2475 and 10000 

years. NTC 2008 spectra are also shown for comparison (dashed curves). Ergodic and non-ergodic use 

of GMPEs. Results from ground type A and Fea10 GMPE are also shown. 
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Figure 18 –NVL site. Exceedance rate curves of acceleration response spectrum ordinates at 0.05 

damping for different vibration periods. Ergodic and non-ergodic use of GMPEs.. 
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Figure 19 –NVL site. Uniform Hazard acceleration Spectra at return periods of 475, 2475 and 10000 

years. NTC 2008 spectra are also shown for comparison (dashed curves), where available. Ergodic and 

non-ergodic use of GMPEs. 
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6. Model-based description: faults + background 

Within this model we considered a fault representation of the earthquake sources coupled with 

a lower level background (BG) seismicity. The BG is accounted for through ASs, limited to a 

maximum magnitude of 5.4 (residual magnitude not covered by the fault description). The 

fault sources have been borrowed from the Italian Database of Individual Seismogenic 

Sources (DISS model, version 3; Basili et al. 2008 and 2009; DISS working group 2010, 

http://diss.rm.ingv.it). 

For purposes of comparison and independent validation of the adopted modelling of FS, we 

also show results obtained from a different, hybrid approach to SHA, in which 

deterministically computed ground motion are introduced in the SHA code, in replacement of 

the values empirically predicted through GMPEs. For this purpose, we performed full time 

domain simulations of fault rupture and propagation in a 1D Earth crustal structure, using the 

Exsim code (Motazedian and Atkinson 2005). 

The results of the two approaches are found to be quite consistent. 

6.1. DISS database of fault sources 

The DISS database is a large repository of geological, tectonic and active-fault data for Italy 

and the surrounding areas that has been compiled based on field work and literature studies on 

fault data (Basili et al. 2008). DISS stores two main categories of parameterized fault sources: 

individual seismogenic sources (ISS) and composite seismogenic sources (CSS), both of 

which are considered able to release earthquakes of Mw 5.5 or larger. In most cases, the ISSs 

represent the preferred source solutions of well-known large earthquakes of the past that 

might have ruptured the fault from end to end (i.e., a fault segment). Thus, historical and pre-

historical earthquakes, and occasionally potential seismic gaps, are associated with individual 

large faults identified and parameterized by geological and geophysical methods. 

In recognition of the inherent difficulties in identifying all possible fault segments in the 

Italian geologic/geomorphic record, in 2005 the DISS was extended to include Composite 

Seismogenic Source (CSS), a source category that expands the territorial coverage and the 

completeness, and hence the capabilities of the database. A CSS is essentially an inferred 

structure based on regional surface and subsurface geological data that are used to identify 

and map a complete fault system. In contrast to an ISS, the termination of a CSS may either 

represent an identified fault limit or a significant structural change. This implies that any CSS 

may span an unspecified number of potential individual ruptures, and may in principle be able 

to generate earthquakes of any size, up to an assigned maximum magnitude. The maximum 

http://diss.rm.ingv.it/
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magnitude assigned to a CSS may either be the magnitude of its largest child ISS, or the 

magnitude of the largest historical earthquake associated with this CSS, or a default Mw=5.5 

if none of the above apply. As a matter of fact, to balance the unavoidable uncertainties and 

its main scopes, DISS considers only sources with a potential for Mw 5.5 or larger. Although 

relaxing the fault-segment boundaries prevents the straightforward use of empirical 

relationships based on fault length, it dramatically increases the ability to map fault sources in 

areas in which active fault information is scarce but main fault trends can be traced based on 

the general tectonic framework. All CSS are mapped following identical criteria of scale and 

accuracy, and are characterized by geometrical (strike, dip, depth) and kinematic (rake, slip 

rate, maximum magnitude) parametric descriptors (Basili et al. 2009). Other data on the 

seismogenic sources in Italy were recently published by the DISS Working Group (2010). 

 

 
Figure 20 – Representation of seismogenic sources available in DISS3 database in the region of 

interest, limited to the composite fault sources (CSS), shown in pink. Purple triangles show sites 

location. 

We have used the latest version of the database (DISS3.1.1) and its very recent reviews by 

Burrato et al. (2012, 2013, SIGMA deliverables) as the starting point for our ground-shaking 

calculations (Figure 20), considering those Composite faults (CSS) that mainly control the 

seismic hazard at the sites of interest: ITCS018, for TRT, and ITCS049-ITCS050-ITCS051 
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and ITCS012 for NVL and CAS. Only faults giving a significant contribution (peak response 

spectrum accelerations > about 0.03g) to seismic hazard were retained. Appropriate tests were 

made in order to validate these assumptions. 

For the Po Plain, based on the strong earthquake sequence of May – June 2012, an important 

update of CSSs is about to be introduced in DISS database, as anticipated in the last SC 

meeting (SC meeting n. 5, June 5-7 2013, Paris, oral presentation by P. Burrato). As shown in 

Figure 21, a new CSS will be introduced in-between sources ITCS050 and ITCS051: the 20 

May CSS. 

 

 
Figure 21 – CSS sources of Po Plain region, from the presentation of P. Burrato, SC meeting n. 5, June 

5-7 2013, Paris. 

 

As a final remark on the modelling of CSS, the essential features to be considered are recalled 

in Figure 22. Concerning the spatial arrangement and mutual orientation of the potential 

characteristic earthquake sources, both a parallel or a dipping pattern may be assumed, the 

former being generally more conservative, albeit not consistent with the layout shown in the 

figure. 

 

ITCS050 

ITCS051 

ITCS049 

20 May CS 

2200  MMaayy  22001122 2299  MMaayy  22001122 
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Figure 22 – CSS usage, from the presentation of P. Burrato, SC meeting n. 5, June 5-7 2013, Paris. 

6.2. Background seismic activity 

The background seismicity has been accounted for with the single area source polygon 

enclosed within the thick black lines shown in Figure 23. This area has been chosen in order 

to cover the low seismicity (Mw 4.5 - 5.4) not accounted for by fault modelling. Its boundaries 

enclose two of the background areas defined in the SHARE project (www.share-eu.org), 

within in the fault source – background model branch of their logic tree of hazard analysis.  

 

http://www.share-eu.org/
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Figure 23 – Area source (within the black thick polygon) used in modelling the background seismicity. 

SHARE background areas are also shown with different colours, together with DISS composite 

sources. Purple triangles show studied sites. 

The G-R parameters for this area have been computed has shown before, selecting events 

from the updated catalogue, starting from a minimum value of 4.5 up to a maximum of 5.4 

(158 events in all) and relying on the same completeness periods defined in Sigma Phase I. 

Figure 24 shows results of estimation of GR parameters, Table 2 shows parameters used in 

hazard computations. Note that a bilinear GR fitting was used, to follow more closely the  

occurrence rates of this area, avoiding an artificial overestimation of rates at the higher 

magnitudes. 
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Figure 24 – Estimation of G-R parameters, for background area. 

 

Table 2 – G-R parameters used in the SH analyses in terms of b values (with corresponding errors 

b)) and total occurrence rates, for background (BG) area source.  

SSZ b  (b) Mmax 
Mmax 

uncertainty 
Total ann. Rate 

M ≥ Mmin 
Depth (km) 

BG 1 1.08 0.11 5 0.3 0.63907 10 

BG 2 2.98 0.24 5.4 0.3 0.10283 10 

 

 

Figure 25 and Figure 26 show hazard computations for the BG contribution, for NVL and 

CAS, considering the three selected GMPEs, for unspecified mechanism. For the Bindi et al. 

GMPE, the 2011 version was used for the unspecified mechanism, as suggested by the 

authors, instead of its latest 2013 version (2013). 
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Figure 25 – NVL site, BG contribution. Uniform Hazard acceleration Spectra at indicated RPs. 

NTC2008 spectra are shown for comparison. 
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Figure 26 – Same as Figure 25, for CAS site. 

6.3. Faults 

CSS sources were first modelled through the SH computational tool (CRISIS2008) as area 

sources whose earthquake occurrence is assumed to follow a Poisson process, and using the 

characteristic earthquake model.  

CRISIS assumes that, within an extended source, seismic activity is evenly distributed by unit 

area (area sources). In order to correctly implement this modelling assumption, CRISIS 

performs a spatial integration by subdividing the original sources into sub-sources. CRISIS 

assigns to a single point all the activity associated to the sub-source, and then the spatial 

integration adopts a summation form. In this work, this scheme has been adopted for the 

modelling of CSS. Rupture areas for distance computation are assumed to be circular, centred 
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in the centroid of the source subdivisions (and with radius depending on magnitude in a way 

specified by the user). Note this filling of CSS with the characteristic earthquake structure is 

actually imperfect, since it allows overlapping of rupture areas, and trespassing of CSS 

boundaries. This is particularly important in the vicinity of the area source boundary, where 

hazard estimation may be slightly overestimated. 

We recall here that the characteristic events have a magnitude distribution that differs from 

the exponential one (as for earthquake occurrence rates described by the Gutenberg – Richter 

relationship), as shown in Figure 27. In the model implemented in CRISIS2008 a truncated 

normal distribution is assumed for the magnitude of the characteristic earthquake. 

 

m

fM(m)

Poisson

Ch. eqk.

Mmin
Mmax MC

 

Figure 27 – Representation of the truncated exponential magnitude probability density function fM(m) 

for the Poisson process and the Characteristic (Ch) earthquake process of expected magnitude Mc: 

Mmin and Mmax are the bounds of the Gutenberg–Richter relationship.  

 

Moreover, CRISIS allows a slip-predictable behaviour in time that is modelled assuming, 

after Jara and Rosenblueth (1988), that the expected value of the magnitude of the 

characteristic earthquake (E(M)) grows with the time elapsed since the last characteristic 

event, T00, in the following fashion : 

 E(M)=Mmin+F ln(T00) 

By assuming F=0, the process becomes time-independent. 

 

The main parameters used to model composite sources are: characteristic magnitude (Mc) and 

recurrence time (RT). The recurrence time refer to the estimated recurrence intervals (or inter-

event time) between similar-sized, maximum expected earthquakes on the individual source. 

The mean recurrence time and its variability are the basic ingredients to compute the 

earthquake probability of occurrence, as show in next Section 6.4. 
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A completely different approach will be used to validate results of CSS modelling as shown 

hereafter. 

6.4. Recurrence time 

The “ideal” situation for a given fault segment would obviously be to carry a long list of 

associated earthquakes with clear neo-tectonic markers, so that statistics could be derived 

directly from observations. The actual observations of multiple, characteristic events on the 

same fault segment in Italy are definitely few, mostly represented by recent active sources in 

Central Apennines. Therefore, the value of RT has to be estimated by a combination of fault  

parameters. A widely used practice invokes the criterion of the “segment seismic moment 

conservation”, proposed by Field et al. (1999), by which: 

VLWRateChar
RT

M



)05.95.1(10

_

1 

  

where the numerator is the seismic moment associated to the characteristic earthquake, and 

the denominator the annual moment rate. More specifically, RT is the mean recurrence time in 

years, Char_Rate is the annual mean rate of occurrence, M is the characteristic magnitude, μ 

is the shear modulus of the crustal rocks in N/m
2
, V is the long-term slip rate on the fault in m 

per year, and L and W are the geometrical parameters of the fault, in m. The coefficients 1.5 

and 9.05, proposed by Hanks and Kanamori (1979) in the relationship to derive the seismic 

moment (in N·m) from magnitude, formally they refer to MS, but we can assume they are 

equivalent to MW, considering the magnitude range of interest (Peruzza et al., 2008).  

Table 3 summarizes the relevant parameter values used to model composite sources, in 

particular, characteristic magnitude (Mc) and recurrence time (RT). Mc was borrowed from 

the DISS database, while RT was estimated for each fault as explained. Fault length (L) and 

width (W) has been estimated after Wells and Coppersmith (1994), for specific reverse 

mechanisms. Slip rates are mean values taken from Burrato et al. (2013). 

 

Table 3 – Composite faults from DISS3 used in the PSHA analysis, Mc is the characteristic magnitude 

and RT is the recurrence time. Depth is average between the smallest an largest depth of the CSS. 

CSS Mc L [m] W [m] Depth [km] slip rate [m/yr] RT [years] Annual probability 

ITCS050 6 11482 7079 4.5 0.00042 939 0.001065 

ITCS051 6 11482 7079 6.5 0.00099 398 0.00251 

ITCS049 6 11482 7079 6.5 0.00053 744 0.001344 

ITCS012 5.6 6730 4853 5 0.00044 561 0.001784 

ITCS018 5.5 5888 4416 5 0.0003 731 0.001368 
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6.5. Comparing AS modeling versus FS+BG  

Figure 28, Figure 29 and Figure 30 compare results of faults and area source modeling, using 

the different GMPEs, in their ergodic mode. UH spectra, for ground type C (CAS and NVL) 

and B (TRT), are shown with the respective code spectra. Results are for the most part closely 

comparable, for all return periods and for all sites. For NVL and CAS results with FS+BG 

modeling show higher amplitudes, in particular for 10 000 yr RT, unlike TRT site where the 

AS approach predominates. This was expected since the hazard at that site is affected by the 

proximity of a single CSS (ITCS018), while NVL and CAS are very near to more than one 

CSS (see Figure 20). Only results with the Fea10 GMPE, for TRT site, tend to increase 

hazard from FS+BG modeling, but this is due to the background, whose contribution is 

enhanced by the use of that GMPE (see Figure 34). Note how with AB11 GMPE results are 

quite similar for all approaches, for sites NVL and CAS. 

Figure 31, Figure 32, Figure 33 and Figure 34 show contributions of BG with respect to AS 

and FS+BG modeling, with two GMPEs: Fea10 and AB11. Note how the contribution of BG 

to local seismic hazard changes with the site and with the GMPE used. For TRT site, The BG 

plays always a significant role as excepted. 
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Figure 28 –CAS site. Uniform Hazard acceleration Spectra at return periods of 475, 2475 and 10000 

years with respective NTC2008 code. AS versus FS+BG modelling, with different GMPEs.  
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Figure 29 – NVL site. Uniform Hazard acceleration Spectra at return periods of 475, 2475 and 10000 

years with respective NTC2008 code. AS versus FS+BG modelling, with different GMPEs. 
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Figure 30 – TRT site. Uniform Hazard acceleration Spectra at return periods of 475, 2475 and 10000 

years with respective NTC2008 code. AS versus FS+BG modelling, with different GMPEs. 
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Figure 31 –CAS site. AB11 GMPE. UH acceleration Spectra at return periods of 475, 2475 and 10000 

years with respective NTC2008 code. AS, FS+BG, FS and only BG modelling. 
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Figure 32 –CAS site. Fea10 GMPE. UH acceleration Spectra at return periods of 475, 2475 and 10000 

years with respective NTC2008 code. AS, FS+BG, FS and only BG modelling. 
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Figure 33 –TRT site. AB11 GMPE. UH acceleration Spectra at return periods of 475, 2475 and 10000 

years with respective NTC2008 code. AS, FS+BG, FS and only BG modelling. 
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Figure 34 –TRT site. Fea10 GMPE. UH acceleration Spectra at return periods of 475, 2475 and 10000 

years with respective NTC2008 code. AS, FS+BG, FS and only BG modelling. 

6.6. Modelling faults with an alternative approach 

As a matter of comparison and validation of the adopted modeling of faults sources, with 

special regard for near field locations, we implemented a very recent novel approach for 

probabilistic seismic hazard analyses, in which deterministically computed ground motion is 

introduced, in replacement of the empirically predicted values of GMPEs. 

This approach, thoroughly discussed in Villani et al. (2012) and Villani (2010), to which we 

refer for details, was first proposed by Convertito et al. (2006), who used a predominantly far 

field approximation for generating the deterministic ground motions. Moreover within the 

SCEC's CyberShake Project (Graves et al., 2011) 3D simulations and finite fault rupture 

descriptions in the low frequency range have been used to compute seismic hazard analyses in 

Southern California. 

As a matter of fact, databases of most ground motion prediction equations (GMPEs) tend to 

be insufficiently constrained at short distances and data may only partially account for the 

rupture process, wave propagation and 3D complex configurations (Somerville et al., 1997). 

These characteristics can play a critical role when the sites at interest are located at source-to-

site distances comparable with the fault dimension, where few records of strong ground 

motion are available. 

That’s why an appealing alternative to the use of the GMPEs is represented by the injection in 

PSHA of the results of numerical simulations of the source and wave propagation into the 

SHA, exploiting the capabilities of CRISIS2008 code. Results of the numerical simulations 
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for selected earthquake scenarios are introduced as input in the SHA as "non-standard" or 

"generalized" description of attenuation. 

6.6.1. Generalized description of ground motion attenuation (GAF) 

The method relies on the generation of a fairly large set of numerical source and wave 

propagation simulations (with appropriate source parameter variations) at each site of interest 

(in our case: modeling of representative faults and simulations at selected sites), aimed at 

establishing realistic envelopes for near-source ground motion levels. Results are then used in 

SHA in the form of a grid of median values and associated dispersion measures and then used 

to compute, as a function of position, the first two moments of the ground motion parameter 

(intensity measure) for each spectral ordinate considered in the analysis. These two moments 

become the main ingredients for the computation of the probability of exceeding a certain 

level of ground motion at a site, given the occurrence of a specific event (of magnitude mi) on 

the considered k source (at distance rk) : P(Y > y |mi,rk ). 

Note that when this term is computed through the use of numerical simulations, the predicted 

variability in the ground motion at a given site directly includes the 3D path and rupture 

characteristics specific and unique to the studied site for a specified rupture (Graves et al., 

2011). Hence, when the sigma is computed over different results of simulations of a specified 

earthquake scenario, at a particular site, such sigma really represents the variability of the 

ground motion amplitudes expected at a single site over many earthquake cycles on a given 

fault.  

Crucial for exploiting the foregoing approach is the ability of the PSHA tool used to handle 

occurrence probabilities according to the full probability theory formalism, instead of 

occurrence rates. This was implemented in the code CRISIS2008 (Ordaz et al. 2013) by 

computing the probability that the ground motion parameter (Y) exceeds a certain threshold y 

at a site in the following Tj years in the form 

 

where Pk(s,mi,Tj), is the probability of having  s events (s=0,1, ..., Ns) of magnitude mi in  the 

following Tj years at a given source k. In this formulation, the probabilities of s =0,1,...,Ns 

events in the window Tj are assumed to be mutually exclusive, such that:  

 

Each event that occurs on source k has probability P(Y > y |mi,rk ) to be a special event, i.e. to 

cause at a site ground motion exceeding y. Moreover, the source k can generate earthquakes 

of different and independent magnitudes (mi with i=0,1,...,Nm). With this formulation 
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Pk(s,mi,Tj) can be computed with any time-independent or dependent earthquake recurrence 

model. Moreover, the earthquake occurrences in different sources are assumed independent 

from each other, as well as the possible earthquake magnitudes and seismic sources. (For a 

complete discussion of the aforementioned formulation see Villani, 2010). 

6.6.2. Finite fault stochastic modeling: EXSIM code  

In this work, finite-fault stochastic simulations have been carried out with the EXSIM 

program (Motazedian and Atkinson, 2005). Note that the PSHA formulation is general and 

any numerical method can be adopted in order to produce the ground shaking. 

The stochastic approach typically models the ground motion, in terms of acceleration, as 

Gaussian noise with a spectrum that is either empirical, or based on a physical model of the 

earthquake source, e.g. the 
2
 spectral source model (Bouchon and Aki, 1967). Among the 

methods that use a stochastic representation of some or all the physical processes controlling 

the ground shaking, the method proposed by Boore (2003) has been adopted in this work. 

The method relies on the simulation of several small earthquakes as sub-events that make up a 

large fault-rupture event. The fault is divided into N sub-faults, each of which is considered as 

a small point source, modelled by the stochastic point-source method (Boore, 1983). The 

authors Motazedian and Atkinson (2005) remark that at close distances from the source, 

stochastic methods do not adequately describe the coherent long-period pulses that may 

control near-fault ground motions for frequencies lower than 1 Hz while these are typically 

well-simulated with physically-based numerical approaches. 

6.6.3. Approach used for hazard computations with Composite Sources 

(CSS) 

Ground motion hazard from selected CSS in the near field of two of the sites (NVL and CAS) 

has been quantified following the hybrid approach outlined in the next steps. The starting 

point of this procedure (thoroughly discussed in Faccioli, 2012) was partially borrowed from 

the work of Zonno et al. (2012), where ground motion contribution from CSS on the Italian 

territory was computed using EXSIM program. The code was used to simulate motions from 

the Typical Fault (i.e. portion of the corresponding CSS that may generate the maximum 

credible earthquake that any individual CSS may release), that was allowed to float at regular 

steps along the strike of its CSS, mapping in this way all possible seismogenic contributions 

to ground motion. We recall here that CSS are regarded as “containers” of a characteristic 

type earthquake, not associated to a specific fault segment within the CSS, with M (=mc) 

estimated from earthquake catalogue. 

In synthesis: 
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1. Each CSS is partitioned into faults of equal size, consistent with the associated 

characteristic magnitude mC on the basis of the Wells and Coppersmith (1994) 

relations, and the CSS representative focal mechanism, (see Figure 35, for modeled 

CSSs). 

2. For a rupture on a single fault, ground motions at the sites of interest are computed 

with the finite-source stochastic simulation code EXSIM, after choosing a slip 

distribution on the fault, a distance dependence of the signal amplitude and a site soil 

profile, and a set of response spectra Y(T) is obtained. 

3. Combining contributions from all CSS, a large ensemble of simulated spectra (all 

compatible with the characteristic magnitude mC) is thus made available at each site, 

from which the first two statistical moments are derived for any ordinate, and a site 

distribution FY[y(T)|mC ] is picked (e. g. lognormal or gamma, as discussed in Villani, 

2010) having these two moments. 

4. For each CSS involved, the probability P(1,mC,TN) of one characteristic earthquake 

occurring in the time windows TN needs to be separately estimated;  

5. Finally, in the simple case where mC is the same for all the CSS (as herein assumed), 

one obtains: 

P( Y ≥ y, TN) = [1−FY(y|mC)] · P(1,mC,TN) 

 

 

Figure 35 – Partition of CSSs ITCS049, ITCS050, ITCS051. Triangles show test sites position. 

The probability P(1,mC,TN) has been estimated assuming a Poissonian dependence of the 

mean recurrence time (estimated as explained in Sect 6.4) in the observation period of interest 

TN: 

P (1,mC,TN) = 1-exp
-T

N
/RT 
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The adopted recurrence times are those shown in Table 3 for modeled CSS. 

 

We included in the simulation three out of all the CSS used in the fault source logic tree 

branch, as shown in Figure 35: ITCS049 and ITCS050, where NVL and CAS sites are 

respectively located, and ITCS051, lying in between. The main parameters used in EXSIM 

are summarized in Table 4. Kappa value has been fixed to 0.04, while stress drop values of 50 

and 30 bar were assumed. These two values have been selected after the analysis of 28 

records observed during the main shock of May 29
th

 2012 in the epicentral area. A recent 

work from Castro et al. (2013), supported our choices. Path effect parameters where chosen 

after Zonno et al. (2012), while slip distribution on the source was taken after the slip pattern 

of the May 29
th

 event (Atzori, pers. comm., and Atzori et al., 2012); random distributions 

were tested as well. For each subfault, 30 realizations where computed. 

 

Table 4 - Input parameters for the EXSIM program. Note that Length and Width refer to the 

dimension of the faults that map the entire CSS, while the subfaults refer to the integration of the 

single fault. 

CSS 
Depth of fault 

top [km] 
dip rake Mw 

Length 
[m] 

Width 
[m] 

# of 
subfaults 
on each 

fault 

# of 
simulations 

for each 
fault 

# of 
faults 

ITCS049 3 40 90 6 11482 7079 21*13 30 9 

ITCS050 1 40 90 6 11482 7079 21*13 30 24 

ITCS051 3 40 90 6 11482 7079 21*13 30 15 

 

6.6.4. Accounting for site response 

Concerning site and crustal amplification functions used in EXSIM to quantify the 

contribution of local site effects at the location where ground motion is computed, two 

different choices have been made for NVL and CAS respectively. 

For NVL site, results of a recent Italian project have been used (S2 project Constraining 

Observations into Seismic Hazard, 

https://sites.google.com/site/ingvdpc2012progettos2/home); this project aimed at quantifying 

the effects of local site conditions on PSHA results. For NVL, we used the consensus site 

profile of the project, and computed the 1D analytical site amplification function down to the 

crustal layers where the modeled source is located (shown in Figure 36). 
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Figure 36 – NVL site. 1D analytical estimate of site amplification function to be used in EXSIM code.  

 

 

For CAS, a different approach has been used, relying on the availability of observations at the 

site of interest, at surface and at a bedrock interface of 130 m, from the Ferrara temporary 

network installed by OGS and collected in the OASIS database (OGS Archive System of 

Instrumental Seismology, http://oasis.crs.inogs.it). Figure 37 show response spectral ratios 

from six events, with Mw ranging from 3.6 to 5.2. Note that the empirical function (from 

spectral ratios with respect to borehole location, red line) had to be corrected for the so called 

depth effect (green line), to overcome the bias of the estimation of the transfer function with 

reference to a standard outcrop rock site. The procedure, borrowed from Cadet et al. (2012), 

consists of a simple frequency-dependent curve, to be adapted for each site as a function of 

the first “destructive” interference frequency at depth. The procedure was empirically 

calibrated using the Kiknet database. 

The green line of Figure 37 is the one used to account for site effects in the EXSIM code. 

 

http://oasis.crs.inogs.it/
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Figure 37 – CAS site. Empirical estimate of site amplification function to be used in EXSIM code. 

Red line is computed from record spectral ratios, green line is the corresponding average function, 

corrected for depth effect (after Cadet et al., 2012). 

6.6.5. Results 

In the following figures, results of hazard analyses computed with the GAF approach, in 

terms of uniform hazard spectra, are compared with SHA where the corresponding CSS are 

modeled as simple area sources with a characteristic earthquake behavior (as explained in 

Sect. 6.3). The CSS involved in computations are again ITCS049, ITCS050 and ITCS051, 

with the model parameters shown in Table 3 and Table 4. SHA computations used as 

attenuation models the three GMPEs selected in this phase of the work. 

Comparisons are shown for a return period of 2475 years, since the probability assigned to the 

characteristic earthquake of the CSS intrinsically limits the resolution of the resulting 

exceedance curves (that saturate at exactly that level). 

Results are in good agreement, notably at CAS. The intrinsic (and unavoidable) uncertainty in 

the stress drop matches the variability inherent in the use of traditional GMPEs. The site 

amplification function, more appropriately calibrated in CAS site, where an empirical 

estimation was possible, improves the comparison with the AS approach. 

The use of the site amplification function in the GAF enhances the hazard at the site at the 

typical resonance frequencies of the local site response, not necessarily seen by the GMPEs.  
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Figure 38 – NVL site. UH spectra from PSHA (ergodic) analyses with area sources with characteristic 

model (and selected GMPEs), and GAF approach, with different stress drop values. 
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Figure 39 – CAS site. UH spectra from PSHA analyses with area sources with characteristic model 

(and selected GMPEs), and GAF approach, with different stress drop values. 
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7. Gridded seismicity 

As in Phase I, a different representation of seismicity is used in a separate branch of the 

analysis, considering a gridded map of probability occurrences. One recurrence model has 

been selected in this stage of the work, namely: the time-independent, poissonian HAZGRID 

model (D2.2 of same DPC-INGV S2 project, 2007-2009; Akinci, 2010), in its latest version 

using CPTI11 (Rovida et al., 2011) as its reference catalogue.  

All the previously introduced GMPEs were used, either for ground type C (CAS and NVL) or 

B (TRT), in the unspecified fault mechanism mode. For the Bindi et al. GMPE, the 2011 

version was used for the unspecified mechanism, as suggested by the authors, instead of its 

latest 2013 version (2013). 
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Figure 40 – CAS site. Exceedance curves for HAZGRID model with different GMPEs, corrected or 

not with the non-ergodic coefficients. 
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Figure 41 – CAS site. UHS for HAZGRID model with different GMPEs, corrected or not with the 

non-ergodic coefficients. 
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Figure 42 – NVL site. Exceedance curves for HAZGRID model with different GMPEs, corrected or 

not with the non-ergodic coefficients. 
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Figure 43 – NVL site. UHS for HAZGRID model with different GMPEs, corrected or not with the 

non-ergodic coefficients. 
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8. Logic tree  

Figure 44 shows the logic tree scheme adopted in Phase II work. 

The ‘AS’, or SSZ, branch refers to the source model developed in Phase I, with 12 ASs 

(derived with some changes from ZS9) and a deeper ‘slab’ source. For the depth distribution 

of the ASs, we herein consider only the ‘coarse model’ defined in Phase I, having typically 3 

values of effective depth, carefully chosen from depth distribution analyses of the events in 

the working catalogue. 

Selection of GMPEs has been discussed in Sect. 4. As mentioned, for single-station (non-

ergodic) analyses, the same site correction factors and single-site sigma have been used for all 

GMPEs. These factors have been estimated by the INGV Milano Sigma working group, by 

computing residuals with ITA13 GMPE, for CAS and NVL among many other sites. For the 

TRT site not enough records were available for a reliable analysis. Since we rely on the more 

sophisticated, site specific,  single station analyses we assigned a higher weight to the non-

ergodic branches. 

Concerning GMPEs weights, as ITA13 and its earlier version ITA10 are insufficiently 

constrained by data at the higher magnitude levels of our analyses (M> 6.5), we assigned a 

lower weight to respective branches. 

As to the weights assigned to the different earthquake source model branches, we relied on 

the very recent results of the statistical performance of several hazard models for Italy tested 

vs. strong motion observations (https://sites.google.com/site/ingvdpc2012progettos2/home), 

with the highest scores gained by the same type gridded seismicity model used herein. For AS 

and FS+BG models, the results of separate analyses did not give us any reason to assign 

different weights, as shown in Sect. 6.5.  

https://sites.google.com/site/ingvdpc2012progettos2/home


 

Research and Development Programme on  

Seismic Ground Motion 

 
CONFIDENTIAL 

Restricted to SIGMA scientific partners and members of the consortium, 

please do not pass around 

 

Ref : SIGMA-2013-D4-94 

Version : 01 

Date :  October 2013 

Page :  

 

 51 

RESULT

gridded

seismicity
HAZGRID (new)

AS   

FS + BG

( 0.6 )

( 0.4 )

model-

based 

seismicity non- ergodic

Fea10  

AB11

ITA13

( 0.4 )

( 0.4 )

( 0.2 ) ergodic (GMPE)

GMPEs 

( 0.33 )

( 0.67 )

general seismicity

description

source model GMPEs

( 0.5 )

( 0.5 )

GMPEs 

weight

0.0264

0.0536

0.0264

0.0536

0.0132

0.0268

0.0264

0.0536

0.0264

0.0536
0.0132

0.0268

0.0792

0.1608

0.0792

0.1608
0.0396

0.0804
 

Figure 44 – Logic tree envisaged for ground types C and A. In red are the values of weights assigned 

in this phase to each branch. “Non-ergodic” means single-station sigma analysis.   

 

Actually, 3 different LTs were needed to evaluate site specific hazard in Phase II:  

- one LT with ground category B characteristics for the single Tortona (TRT) site, 

containing in the terminal branches only the ergodic options,  

- a second LT with ground category C characteristics for the Novellara (NVL) site, and 

Casaglia (CAS = T821, named after the INGV temporary accelerometric station) site, 

containing in the terminal branches both the non-ergodic and the ergodic options, with 

their respective coefficients. 

- a third LT with ground category A characteristics for all the three sites, containing in 

the terminal branches both the non-ergodic and the ergodic options, where the non-

ergodic coefficients have been estimated from ground A stations nearest to the Po 

Plain area. 

The LT with ground category A characteristics was also needed to introduce, in the following 

step, site effects in a different way, combining PSHA results on rock with site specific 

amplification functions whose evaluation may be empirical or analytical, as extensively 

explained in Deliverable D3-96 by this working group.  
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In the next section, we will show a first application of such approaches, using a branch of the 

LT on ground type A soil, for CAS site, for a return period of 2475 years.  

 

We have also considered alternative assumptions on the weights, as follows. 

1) Invert the weight values between ergodic and non-ergodic for NVL site, when the 

AB11 GMPE is used because the latter is heavily penalized in the non-ergodic case 

due to the fact that its sigma is substantially lower than that of the other two GMPEs. 

This change is not applied to the CAS site because its ss,s is comparable to that of the 

AB11 GMPE. 

2) Invert the weight values between Fea10 and Ita13 GMPEs, based on the consideration 

that the C/A spectral amplification factor of the former are higher and shifted towards 

the low period range with respect to the latter. 

It will be seen in Sect. 11, that the final logic tree results are only slightly affected by the 

foregoing changes. 

 

Final results of LT computations will be actually delivered for three different return periods: 

475, 2475 and 10.000 years.  

Application of site specific approaches in PSHA will be performed using LT of ground type 

A and site amplification functions derived from a 10.000 years return period, using the AS 

non-ergodic branches of Fea10 and AB11. The Ita13 and Ita10 GMPEs are in fact not suited 

for use at such low exceedance probabilities, as already explained. 

 



 

Research and Development Programme on  

Seismic Ground Motion 

 
CONFIDENTIAL 

Restricted to SIGMA scientific partners and members of the consortium, 

please do not pass around 

 

Ref : SIGMA-2013-D4-94 

Version : 01 

Date :  October 2013 

Page :  

 

 53 

9. Accounting for site effects 

Table 5 recalls the classes of approaches discussed in Deliverable D3-96 to account for site 

effects in the framework of a PSHA, considering both a “regional” (generic) and a “local” 

(site-specific)  scale. We illustrate herein the use of these approaches, for a specific branch of 

our logic tree (AS, with FEA10 modified GMPE), for one site (CAS), and for one return 

period RP (2475 yr).  

Actually, another approach may be included in the ‘Fully probabilistic’ classes, i. e. the PSHA 

at a site with the single station sigma application, as discussed in Sect. 5. 

 

Table 5 - Classes of approaches to account for site effects in PSHA. SAF = site amplification function. 

Hybrid 

probabilistic/deterministic 

Fully probabilistic 

Generic site 

(HyG) 

Site-specific 

(HyS) 

Generic site 

(FpG) 

Site-specific (FpS) 

PSHA at rock + 

SAF based on 

seismic norms 

PSHA at rock + 

SAF based on 

1D analyses  

PSHA based 

on GMPE 

with site 

correction 

factor 

PSHA at rock + 

convolution with SAF 

conditioned to rock 

ground motion 

PSHA at site with 

single-station 

sigma applied 

 

Figure 45 compares, for CAS, site specific PSHA results in terms of UH acceleration spectra, 

from the following approaches:  

- the standard GMPE use (FpG approach), blue curve 

- the single site sigma approach, green curve 

- PSHA on ground A combined with different SAFs based on 1D analyses (HyS 

approach), red solid curves. 

The SAF (site amplification function) has been estimated in different ways, extensively 

discussed in Deliverable D3-96. First, a selection of records compatible with the UH spectra 

on ground type A (dashed red curve in Figure 45) has been sought, then these records have 

been used as exposed bedrock input motion for 1D equivalent linear analyses on a specific 

soil profile selected for the CAS site (see also the D3-96), computing the surface ground 

motion on the top of the soil profile. Response spectral ratios have been then used to 

computed SAF at selected periods. The same set of recorded acceleration waveforms have 

been used in two different ways: uncorrected (‘SAF’ in the figure) and corrected (‘SAF corr’ 

in the figure) so as to achieve a close matching with the target spectrum.  
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Note from Figure 45 that the correction of the input signals for spectral matching does not 

affect values beyond 0.2 s, where a close agreement with the NTC2008 code is attained (in-

between ergodic and non-ergodic results). 

For T< 0.2 s, on the other hand, the input correction slightly affects the results; in particular, 

the PGA value of the spectrum with the matched selection falls exactly on the rock curve. 

More significant, however, is that the use of both SAFs leads to decreasing the values of the 

site specific spectra below the bedrock values at periods 0 < T < 0.2 s, mostly due to non-

linear effects. Also worth noting is that the non-ergodic PSHA spectrum form the GMPE 

(green curve) is not far from the “rock*SAF” spectra, and hardly exceeds the input rock 

spectrum for T > 0.2 s. 

On the whole, the CAS example strongly indicates that the uncertainty associated to the soil 

surface spectra  decreases significantly when using results from local site analyses (such as 

SAFs or single site coefficients and sigmas) instead of the site coefficient of the GMPEs. 
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Figure 45 – CAS site. Site specific PSHA from different approaches. 
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10. Results of logic tree for ground type A 

The results of the LT calculations on ground type A are displayed in Figure 46, Figure 47 and 

Figure 48 as percentile-level exceedance curves, and in Figure 49, Figure 50 and Figure 51 as 

UH spectra, with the respective Italian seismic code (NTC2008) spectra, where available. 
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Figure 46 – NVL site, ground type A: exceedance curves of acceleration response spectrum ordinates 

at 0.05 damping for periods T = 0-0.3-1 and 3 s for the logic tree of Figure 44. 
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Figure 47 – CAS site, ground type A: exceedance curves of acceleration response spectrum ordinates 

at 0.05 damping for periods T = 0-0.3-1 and 3 s for the logic tree of Figure 44. 
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Figure 48 – TRT site, ground type A: exceedance curves of acceleration response spectrum ordinates 

at 0.05 damping for periods T = 0-0.3-1 and 3 s for the logic tree of Figure 44. 
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Figure 49 – NVL site (ground type A): Uniform Hazard acceleration spectra at return periods of 475, 

2475 and 10000 years. NTC 2008 spectra are also shown where available. 
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Figure 50 – CAS site (ground type A): Uniform Hazard acceleration spectra at return periods of 475, 

2475 and 10000 years. NTC 2008 spectra are also shown where available. 
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Figure 51 – TRT site (ground type A): Uniform Hazard acceleration spectra at return periods of 475, 

2475 and 10000 years. NTC 2008 spectra are also shown where available. 
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The PSHAs on ground type A at the three sites indicate that: 

- the exceedance curves exhibit a trend of decreasing variability with structural period, 

from 0 s (where it is generally highest) to 1.0 s, for all three sites; beyond 1 s, TRT  

shows an increase while the other sites do not; 

- the NTC 2008 code spectra for 475 and 2475 return period lie in the 15- to 81- 

percentile prediction band, but always above the present mean spectrum; 

- at 10 000 years RP the peak of mean spectrum reaches about 0.9 g at NVL, while it 

does not exceed 0.6 g at the other two sites; 

- the comparison of the present results with those of Phase I shows that the latter, in 

terms of mean response spectra, were considerably more conservative, as shown in 

Figure 52, Figure 53, and Figure 54 for NVL, CAS, and TRT, for all return periods. 
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Figure 52 – NVL site. Comparison between Phase I and Phase II mean UH spectra. 
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Figure 53 – CAS site. Comparison between Phase I and Phase II mean UH spectra. 
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Figure 54 – TRT site. Comparison between Phase I and Phase II mean UH spectra. 
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Figure 55 – Comparison between Phase I and Phase II statistical measures of LT spreads, represented 

by the mean/median ratios of response spectrum ordinates, for NVL (top row), CAS (middle row), and 

TRT (bottom row), at the three indicated return periods (RP). 

As regard the variability affecting the present Phase 2 hazard estimates, a representation of it 

is proposed in Figure 55 and compared with that associated to the Phase I results. As a 

measure of such variability, we have used the mean/median ratio of the estimates of UH 

spectrum ordinates as a function of structural period and RP. While the significance of these 

results is briefly commented also in the following Conclusions, we note here that the ratio in 

question would equal exp (σ
2
lnY/2) if the output of the LT branches were lognormally 
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distributed: in this case the ratio would be directly related to σ
2

lnY. On the other hand, a 

mean/median ratio tending to one obviously indicates that the distribution becomes 

symmetrical and could be assimilated to a normal one.  
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11. Results of logic tree for ground type C and B 

The results of the LT calculations for each studied site are displayed in Figure 56, Figure 57 

and Figure 58 as percentile-level exceedance curves, and in Figure 59, Figure 60 and Figure 

61 as UH spectra, with the respective Italian seismic code (NTC2008) spectra, where 

available. 

 

10
-3

10
-2

10
-1

10
0

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

S
A

(T=0s) [g]

A
n
n
u
a
l 
p
ro

b
a
b
ili

ty
 o

f 
e
x
c
e
e
d
a
n
c
e

 

 

mean

50-perc.

16-, 84-perc.

10
-3

10
-2

10
-1

10
0

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

S
A

(T=0.3s) [g]

A
n
n
u
a
l 
p
ro

b
a
b
ili

ty
 o

f 
e
x
c
e
e
d
a
n
c
e

10
-3

10
-2

10
-1

10
0

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

S
A

(T=1s) [g]

A
n
n
u
a
l 
p
ro

b
a
b
ili

ty
 o

f 
e
x
c
e
e
d
a
n
c
e

10
-3

10
-2

10
-1

10
0

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

S
A

(T=3s) [g]

A
n
n
u
a
l 
p
ro

b
a
b
ili

ty
 o

f 
e
x
c
e
e
d
a
n
c
e

 
Figure 56 – NVL site, ground type C: exceedance curves of acceleration response spectrum ordinates 

at 0.05 damping for periods T = 0-0.3-1 and 3 s for the logic tree of Figure 44. 
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Figure 57 – CAS site, ground type C: exceedance curves of acceleration response spectrum ordinates 

at 0.05 damping for periods T = 0-0.3-1 and 3 s for the logic tree of Figure 44. 
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Figure 58 – TRT site, ground type B: exceedance curves of acceleration response spectrum ordinates 

at 0.05 damping for periods T = 0-0.3-1 and 3 s for the logic tree of Figure 44. 
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Figure 59 – NVL site (ground type C): Uniform Hazard acceleration spectra at return periods of 475, 

2475 and 10000 years. NTC 2008 spectra are also shown where available. 
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Figure 60 – CAS site (ground type C): Uniform Hazard acceleration spectra at return periods of 475, 

2475 and 10000 years. NTC 2008 spectra are also shown where available. 
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Figure 61 – TRT site (ground type B): Uniform Hazard acceleration spectra at return periods of 475, 

2475 and 10000 years. NTC 2008 spectra are also shown where available. 
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The PSHAs on ground type C at the three sites indicate that: 

- The exceedance curves exhibit a trend of increasing variability with structural period, 

from 0 s (where it is generally lower) to 3.0 s, for all three sites. 

- The NTC 2008 code spectra for 475 and 2475 return period lie in the 15- to 81- 

percentile prediction band only for CAS site, for which mean values are comparable to 

code prescriptions; for the other two sites, results are quite above code spectra for all 

return periods. 

- At 10 000 years RP the peak of mean spectra reaches about 2.6 g at NVL, 1.6 ot TRT, 

and 1.2 at CAS site. 

- The comparison of the present results with those of Phase I show different features 

depending on the site at study. For NVL, quite similar spectra are achieved, for CAS, 

the non-ergodic use of GMPEs decreases significantly the spectra amplitudes, while 

for TRT slightly more conservative spectra are achieved (shown in Figure 62, Figure 

63 and Figure 64 for NVL, CAS, and TRT, respectively). 
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Figure 62 – NVL site. Comparison between Phase I and Phase II mean UH spectra. Shown in red 

dashed curves are the Phase II results obtained by introducing the two combined alternative 

assumptions on LT weights discussed at the end of Sect. 8. 
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Figure 63 – CAS site. Comparison between Phase I and Phase II mean UH spectra. 
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Figure 64 – TRT site. Comparison between Phase I and Phase II mean UH spectra 
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Figure 65 – Comparison between Phase I and Phase II statistical measures of LT spreads, represented 

by the mean/median ratios of response spectrum ordinates, for NVL (top row), CAS (middle row), and 

TRT (bottom row), at the three indicated return periods (RP). 

As regard the variability affecting the present Phase 2 hazard estimates, a representation of it 

is proposed in Figure 65, in terms of mean/median ratios, and compared with that associated 

to the Phase I results. Results are quite site dependent: while for NVL and TRT the ratio is 

about 1 at all periods, for CAS this is significantly different and always above 1. These curves 

show that the variability of results in this Phase 2 tend to be generally lower for NVL and 

TRT, but not for CAS site.  
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12. Conclusions (tentative) 

The work documented in this Deliverable is intended as an update and extension of the 

previous year’s work (2012, Sigma Phase I). 

Herein, we have dealt with a few tasks that were just outlined in Phase I, and deemed to 

deserve further consideration in the following phase. These tasks concerned:  

- the updating of the earthquake catalogue and of magnitude conversion relationships; 

- the use of the single station sigma approach to account for local variability of site 

response in PSHA;  

- the use of a fault (+ background) model;  

- the updating of the GMPEs and of the gridded seismicity model of the logic tree; 

- the use of different approaches to account for site effects in PSHA, relying on the 

conceptual background provided   

Concerning the influence of the catalogue and conversion relations, we decided to introduce a 

few changes with respect to Phase I work, which led us to increase the minimum magnitude 

considered in the estimation of seismicity parameters and hazard analyses. These changes 

have been shown to lead to slightly more conservative hazard evaluations. 

The use of the so-called single station sigma, or non ergodic, approach has been shown to 

affect the hazard estimates in different ways, depending on how the site correction terms and 

the single site sigmas combine with the standard deviations of the GMPEs at use. We found 

that the overall effect of this approach has been to decrease substantially the severity of 

hazard estimations at one of the test sites (CAS). 

The introduction of a fault-based model, based on the latest updates of the Composite 

Seismogenic Sources of the DISS3 database in the Po plain region, allowed us to test different 

ways of treating fault rupture and integration when a characteristic earthquake representation 

is of concern. We considered this representation in the perspective of a time-independent 

process (as for all the LT branches), fulfilling a specific request of the SC. The results of the 

fault + background modeling turned out to be in close agreement with those yielded by the AS 

branches of the LT, for two of our test sites. 

The final results from the LT analyses for ground type C, B and A conditions, for the sites of 

interest (the same as in Phase I), show for the 10,000 years RP a decrease in mean hazard 

level with respect to Phase I, with the largest reductions obtained for ground type A, while for 

ground type C the reduction is substantial only at CAS. There is no reduction for TRT.  

As regards the extent of the associated uncertainty, Figure 55 suggests some increase at short 

periods (T < 0.2 s) on ground type A, but a significant decrease at larger periods. On ground 

types B and C similar considerations apply, except at CAS where the variability in Phase II 
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increases. This aspect is now being explored. We interpret the fact that the mean/median ratio 

tends to 1 at periods > about 0.5 s as an indication that the LT has a good structure and weight 

distribution, apt to reduce the influence of outliers from individual branches.  

 

Special care has finally been devoted to the use and comparison of different approaches to 

account for site effects in PSHA. This task has not been completed yet; more advanced results 

will be shown and discussed at the next SC meeting (Lyon, 13-15 November 2013), fully 

exploiting the output of the closely related Deliverable D3-96 and the final version of the 

present Deliverable will be released after the meeting. 

The indications from the present results, illustrated in Sect. 9, are that application of the site 

specific approach (PSHA at rock plus SAF based on 1D analyses) will be far more effective 

than the fully probabilistic approaches for reducing the level of the hazard estimation (where 

data-based non ergodic analyses are not feasible). 
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APPENDIX A 

 

New Gutenberg-Richter correlations for all the SSZ areas at study 

2.5 3 3.5 4 4.5 5 5.5 6 6.5 7
-4

-3

-2

-1

0

1

2

M
w

lo
g

 

 

 

annual rates of occurrence

 ML: log=-0.89(0.07)*M+2.55(0.34)

 

2.5 3 3.5 4 4.5 5 5.5 6 6.5 7
-4

-3

-2

-1

0

1

2

M
w

lo
g

 

 

 

annual rates of occurrence

 ML: log=-0.85(0.27)*M+2.46(0.82)

 
Figure A.1 –GR parameters for SSZ 901. 
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Figure A.2 –GR parameters for SSZ 902. 
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Figure A.3  –GR parameters for SSZ 905. 
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Figure A.4  –GR parameters for SSZ 906. 
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Figure A.5 –GR parameters for SSZ 907. 
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Figure A.6 –GR parameters for SSZ 908. 
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Figure A.7 –GR parameters for SSZ 909. 
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Figure A.8  –GR parameters for SSZ 910. 
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Figure A.9 –GR parameters for SSZ 911. 
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Figure A.10 –GR parameters for SSZ 912+913+914. 
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Figure A.11 –GR parameters for SSZ 915. 
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Figure A.12 –GR parameters for SSZ 916. 
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Figure A.13 –GR parameters for the subduction zone (slab). 
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 SITE SPECIFIC PROBABILISTIC STUDY FOR 

PO PLAIN AREA       

Report by E. Faccioli,  M. Vanini and R. Paolucci  

 

Review by G. Woo 

Member of the SIGMA Scientific Committee 

14 November 2013 

 

GENERAL SUMMARY 

 

This report is notable and highly commendable for exploring, in multiple modelling aspects 

of PSHA, avenues for using new information, understanding and methodology.   As a 

research document, the report provides PSHA practitioners with some ideas for future 

application, and encourages further research in the same direction.   

 

It is widely accepted that any innovative development in PSHA has to be thoroughly tested 

and validated before it might be considered for actual use in a nuclear safety context.   So a 

substantial amount of further research, data accumulation and analysis may need to be 

undertaken before implementation of some of the ideas in an actual nuclear PSHA.  However, 

the results are already of value in sensitivity analysis and stress testing. 

 

Some specific comments are listed below. 

 

 

5.1. Method of ground motion residual analysis 

 

The use of the so-called single station sigma, or non ergodic, approach has been shown to 

affect the hazard estimates in different ways, depending on how the site correction terms and 

the single site sigmas combine with the standard deviations of the GMPEs at use. We found 

that the overall effect of this approach has been to decrease substantially the severity of 

hazard estimations at one of the test sites (CAS).  

 

The use of a single station sigma is the ideal preferred objective of every seismic hazard 

analyst.  There is an expectation that there might be a sigma reduction of 0.1 ~ 0.2.  But there 

is a practical question over whether this is really justifiable now, based on existing evidence, 

especially when hazard estimations may be considerably reduced. 



2 

 

 

6.3  Faults 

Moreover, CRISIS allows a slip-predictable behaviour in time that is modelled assuming, 

after Jara and Rosenblueth (1988), that the expected value of the magnitude of the 

characteristic earthquake (E(M)) grows with the time elapsed since the last characteristic 

event. 

Recognizing that fault magnitudes may be quite moderate, it would be instructive to see the 

strength of the evidence for assuming slip-predictable behaviour for the regional faults being 

modelled.   A more recent reference than from 1988 would be helpful in building confidence. 

 

6.4. Recurrence time 

The “ideal” situation for a given fault segment would obviously be to carry a long list of 

associated earthquakes with clear neo-tectonic markers, so that statistics could be derived 

directly from observations. The actual observations of multiple, characteristic events on the 

same fault segment in Italy are definitely few, mostly represented by recent active sources in 

Central Apennines. 

Recognizing that the characteristic earthquake hypothesis has come under particular scrutiny 

and criticism in the past few years, and that the supportive Italian data are rather limited, a 

more robust defence of adopting this model might have been expected.  

 

6.6. Modelling faults with an alternative approach 

As a matter of comparison and validation of the adopted modeling of faults sources, with 

special regard for near field locations, we implemented a very recent novel approach for 

probabilistic seismic hazard analyses, in which deterministically computed ground motion is 

introduced, in replacement of the empirically predicted values of GMPEs. This approach, 

thoroughly discussed in Villani et al. (2012) and Villani (2010), to which we refer for details, 

was first proposed by Convertito et al. (2006), who used a predominantly far field 

approximation for generating the deterministic ground motions. Moreover within the SCEC's 

CyberShake Project (Graves et al., 2011) 3D simulations and finite fault rupture descriptions 

in the low frequency range have been used to compute seismic hazard analyses in Southern 

California.  

 

It is very commendable and far-sighted for the authors to have implemented this novel 

approach for probabilistic seismic hazard analysis.  This methodology will supersede 

GMPE’s at some stage in the future, especially in some geological environments.   



3 

 

But, to use an American saying, is this method ‘ready for prime time’?   Tom Jordan, SCEC, 

thinks not yet, according to a recent conversation I had with him in late October 2013.   Over 

time, issues, e.g. over resolution at higher frequencies, will doubtless be sorted out, but the 

current capability remains open to question. 

 

6.6.3. Approach used for hazard computations with Composite Sources 

Each  CSS is partitioned into faults of equal size, consistent with the associated characteristic 

magnitude mC on the basis of the Wells and Coppersmith (1994) relations, and the CSS 

representative focal mechanism. 

The adequacy of the 1994 Wells and Coppersmith relations is questionable, given the current 

basic research being undertaken to return to the primary evidence, revise the underlying 

dataset and update these relations.  The uneven quality of the data taken by Wells and 

Coppersmith makes the continued use of these relations a convenience that is increasingly 

hard to justify. 

 

8.  Logic Tree 

As to the weights assigned to the different earthquake source model branches, we relied on 

the very recent results of the statistical performance of several hazard models for Italy tested 

vs. strong motion observations (https://sites.google.com/site/ingvdpc2012progettos2/home), 

with the highest scores gained by the same type gridded seismicity model used herein. For AS 

and FS+BG models, the results of separate analyses did not give us any reason to assign 

different weights, as shown in Sect. 6.5. 

I positively endorse the scientific principle of relying on statistical performance tests for 

assigning model weights.   The result that the gridded seismicity weight (0.6) is higher than 

for the model-based seismicity (0.4) is very interesting, and might serve as a guide to seismic 

hazard assessments elsewhere.  Typically, the relative weight accorded to a zoneless 

seismicity model is significantly lower than 0.5, reflecting more a collective adherence 

towards Cornell-McGuire tradition than any empirical scientific justification. 

 

9. Accounting for site effects 

More significant, however, is that the use of both SAFs leads to decreasing the values of the 

site specific spectra below the bedrock values at periods 0 < T < 0.2 s, mostly due to non-

linear effects. 

It would be instructive to have some more detailed and explicit explanation of this result, to 

ensure that it is not a numerical artefact of the high-frequency resolution of the computation. 
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 SITE SPECIFIC PROBABILISTIC STUDY FOR PO 

PLAIN AREA  
 (Ref : SIGMA-2013-D4-94) 

 

Review by : Jean B. Savy 

 October 29, 2013 

 
 

1. Scope of the work reviewed 
 

This is a review of the work documented in EDF Ref: SIGMA-2012- D4-94 by Ezio Faccioli, Manuela Vanini 

and Roberto Paolucci. This work is to be presented at the CS6 of November 13
 th

 to 15
th
, 2013, in Paris. 

 

The reviewed report is an update and extension of a Phase I PSHA analysis for the Po plain area. The authors 

took each part of the entire chain of models and methods and updated parameters in the view of new or better 

data more recently available, and updated the methods to the most recently published state-of-the-art methods. 

The goal was to produce estimates of PSHA using the best available methods and use the best data, without 

necessarily producing new methods, or new data, thereby creating a new standard for PSHA. 

 

2. Review approach 

 

The main goal of this study was not to do more research to develop new methods but rather it was to make use of 

the best methods and data to produce a state-of-the-art analysis, and in the process, update the results of  Phase I. 

The authors chose to use existing methods, in some cases improving on them, computer codes and data sets that 

are well  documented and published in technical journals. As a result, my review concentrated on the following: 

 

 Relevance and documentation of the methods and tools selected 

 Implementation of those methods and tools 

 Contextualization, relative to other WPs 

 The general conclusions of the study 

 General form 

 

3. General review conclusions  
 

In my opinion the authors have performed a state-of-the-art PSHA, pulling together the most advanced and 

tested methods and data bases available to date for the Po plain area. The use of Single-Station parameters was 

convincingly demonstrated as providing a robust and, generally,  reduced estimate of ground-motion predictions. 
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As a PSHA practitioner myself, I can say that I did not agree with all the choices made in this study, for many of 

these choices are subjective, sometimes arbitrary, but what I reviewed made sense and was rational, although it 

sometimes lacked clarity and /or documentation.  

 

The main technical comments concern the estimation and implementation of uncertainties in the seismicity 

parameters (G-R a and b’s), the assignment of weights on the seismicity branches of the Logic trees, and finally 

the lack of attempt to discuss or reconciliate the maximum magnitude estimates in the overlapping areas with  

neighboring countries. 

 

The reviewed document is well written. An abstract and an executive summary should be added as 

recommended  at the last CS meeting. 

 

4. General comments 
 

 Relevance and documentation of the methods and tools selected 

The methods and tools selected reflect the latest in research but in several cases it is taken for granted 

without explaining the rational, and without explaining the concepts, advantages and limitations. This is 

especially the case for the selection of the weights in the Logic Tree where the results of a recent study 

was used to come up with those weights, but a review of the referenced study did not provide the 

information that was eventually used in this study. 

 

 Implementation of those methods and tools 

Once methods, and tools, were selected, they were implemented properly. 

 

 Contextualization, relative to other WPs 

There was no attempt to put the results of this work within the context of SIGMA, which is somewhat 

understandable, since this study appears to be mostly self-contained.  However, some of the very good 

work done here can be used in other WPs, such as the implementation of the scoring of PSHA models by 

Albarello et al. method, or the hybrid method of using EXSIN code in lieu of attenuation relationships 

for small events and small distances.  

 

 The general conclusions of the study 

Although section 12 “Conclusions” is tentative in the reviewed report, it rightly points in the direction of 

one of the main goals of SIGMA which is the  improvements in the estimates of hazard from using the 

Single-Station (non-ergotic) approach to estimating the ground-motion.  

 

 General form 

The report is well organized and well written. Only missing are an abstract and an executive summary to 

follow the recommendations of the last CS. 

 

 

5. Detailed comments  
 

1. Phase I WP4 work 

 No comments. 

2. Phase II work 
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 No comments. 

 

3. Catalogue and magnitude conversions 

 The conversions shown in the report do not mention any uncertainty. What would be the uncertainty 

on Mw at the boundaries of the range of magnitudes, and how would that affects the estimate of 

uncertainties in the a’s and b’s estimates in the next section? 

This may not have much influence on the hazard for low return periods, but it certainly does for the 

return period of interest in SIGMA, that is 10
4
 and 10

5
 years. 

 The uncertainties in the a’s and b’s are substantial. How was this epistemic uncertainty taken in 

consideration?. Are the a’s and b’s used in the analysis, or are the earthquakes considered as purely 

characteristic? Table 1 shows alternative choices for Mmax, with its associated λM>4.5 but no 

uncertainty on b. If that uncertainty was considered, it must be explained how it was used in the 

PSHA calculation code. 

4. Catalogue and magnitude conversions 

 No comments. 

5. The single station sigma 

 δS2Ss is an epistemic uncertainty that in theory should be dealt in the same way as other epistemic 

uncertainties, such as by adding a branch in the logic tree. Was this considered? What would be the 

effect on the results? 

 Page 24 top paragraph, 4
th
 line: replace “(see Figure 14)” by “(see Figure 18)” 

6. Model-based description: faults + background 

 Page 29 it is mentioned that “appropriate tests” were performed to verify that screening out  the 

faults with peak response spectrum accelerations less than 0.03g was fine. Can a few details be 

given on the type of tests? What GMPE(s)?, Was it on the basis of median, mean, how many σ’s, 

etc.? 

 Page 30, section 6.2, second sentence: 

“This area has been chosen in order to cover the low seismicity (Mw 4.5 - 5.4) not accounted for 

by fault modelling.” 

What was the method used to determine whether an earthquake belongs to a fault or not? 

 Page 31 after Figure 23, the following sentence is ambiguous: 

“The G-R parameters for this area have been computed has shown before, selecting events from 

the updated catalogue, starting from a minimum value of 4.5 up to a maximum of 5.4 (158 

events in all) and relying on the same completeness periods defined in Sigma Phase I.” 

Does it mean that other sources within (the composite sources) do not have events in [4.5-5.4]? 

 Table 2 page 32: How is the uncertainty in the bi-linear reoccurrence curves handled? 

 Page 34: The Jara and Rosenblueth study, mentioned in reference to support the slip-predictable 

model, was essentially developed and tested with data from subduction zones. Furthermore the 

use of a time-dependent model implies that the results must be specifically developed for given 

windows of time, with a choice of starting date. This is not discussed in the report, as all the 

results are given in terms of annual probabilities. Is there an intention to use this kind of model 

in the future? Is there enough data for this purpose? 

 Table 3, page 35: The central value of the characteristic magnitude (Mc)  is certainly not known 

without uncertainty. The generic model shown in Figure 27 does show a ΔM on either side of 

Mc, but table 3 does not give this value. The report should explain how the model is used, and 

specifically what is the ΔM. 

 Section 6.6.3 brings several questions: 
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o Figure 35 shows the distribution of earthquakes on the faults.  

Since we allow the same Mc to be anywhere on the fault with equal probability, aren’t’ 

we running the risk of underestimating the ground-motion in cases where the site if in 

the middle such as for CAS and NVL? 

o Since we are doing so much additional work, can’t we just develop specific functions of 

attenuation for these cases and used them as GMPEs in the code? 

o Going one step further, if we now have the tools to do this type of hazard analysis by 

generating artificial earthquakes by simulation of events on the faults, can’t we do the 

entire analysis that way? One advantage would be to introduce the site effects directly 

on the “actual” ground-motion rather than on an averaged-out prediction (GMPEs). 
7. Gridded seismicity. 

 Aybige Akinci’s  paper shows a large uncertainty on the b values (G-R). Furthermore it does not 

include a large sample of very large/rare events that are needed for the predictions of ground-motion 

in the 10
4
 or 10

5
year return period range that are the return periods of interest for large and critical 

facilities. Thus the comparison, and indeed the validity, of these types of approaches are limited. 

They are well suited for testing the validity of other methods, such as the standard PSHA approach, 

for return periods probably up to a few thousand years, but are not well suited for larger return 

periods. 

8. Logic tree 

 Page 50: Should give a brief explanation of the scoring method developed by Albarello et al. which 

is referenced in the document as: 

https://sites.google.com/site/ingvdpc2012progettos2/home), 

This reference does not actually gives the scores and does not either give any indication on how 

a weight could be assigned to a set of models. (There might be another reference that I could not 

obtain). Thus the authors need to describe the rationale for choosing the weights they chose on 

the logic tree shown in Figure 44. 

The description of the scoring methods and data used, plus the fact that we are interested in 

large return periods, make me strongly disagree with the choice made of 40% for the model-

based seismicity and 60% for the gridded model.  I think the choice is justifiable for low return 

periods but not for large ones for which the reverse is more justifiable in my opinion. 

Should the weight of the branches be a modulated by the choice of return period? 

9. Accounting for site effects 

 Page 53, last paragraph. What return period was used to calculate the UH spectra for which the 

compatible records were selected? 

This is important because for large return periods the ground-motion is likely to be high and the soil 

behavior is likely to be non-linear. For lower return period this is probably not likely to occur. 

Therefore the calculations of response at the site must be done for the intended return period, and if 

necessary several different analysis must be done for each of the required return periods. 

10. Results of logic tree for ground type A 

 Figure 46: Results seem strange because the uncertainty in the hazard does not increase with 

acceleration, as we would expect. Is there a simple explanation to this? 

 Figure 52, 53 and 54 give a good summary of the improvements over Phase I. 

 Figure 55, on the other hand is not a good indicator of the improvements. It is misleading to display 

the change in variability by a ratio of mean/median because making a ratio when the values are 

small emphasizes the extent of the arithmetic difference between the two values. Why not simply 

show the difference between the 16
th
 and 84

th
 percentiles? 

11. Results of logic tree for ground type C and B 
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 No comments 

12. Conclusions (tentative) 

 This section restates the outline of the work performed without clearly enumerating the important 

results and conclusions of the various parts of the study. 

 This section should also make the link with the other WPs , in particular with WP2 for the very good 

work on single-station uncertainty, and WP4 for the model testing and scoring. 

 

 

 

Respectfully submitted, October 29, 2013. 

 

Jean Savy  

 


