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Abstract 

This paper provides updatedthe results of the single-station sigma analysis for performed in Italy by 

Luzi et al. 2014., considering a recording interval 1972-2015. A residual analysis considering a 

recordingthe time interval 1972-2015. is carried out on a dataset of records retrieved by public 

Italian and European accelerometric archives;, it contains composed by 3949 waveforms, relative to 

228 events in the magnitude range 4.0-6.9, recorded by 463 strong-motion stations, about four times 

the stations considered in the previous work. The most recent ground motion predictive model for 

Italy has been used for the calculations of the expected median intensity measures. The metadata of 

recording stations have been revised and updated according to the results of the station 

characterization, obtained in the framework of DPC-S2-2014 Project. For each station with at least 

three records, the variability at single site, ss,s, and the site term, δS2Ss, has been evaluated. The 

analysis has been focused on the subset of long-lasting stations which operated since 1972 in Italy, 

because they have been selected as key stations for the validation of the Italian seismic hazard 

models too. 

The largest values of ss,s can be related to: (i) limited amount of records; (ii) presence of analog 

records; (iii) records from multiple source-to-site paths, especially for stations located at the border 

between different geological domains. 

The results of this study can be used as input for the site-specific probabilistic seismic hazard 

assessment in Italy, removing the ergodic assumption. 

Keywords: single-station sigma; ground motion prediction equations; non-ergodic PSHA; Italy 
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1. Introduction 
 

The object of traditional probabilistic seismic -hazard assessment (PSHA) is the evaluation of 

annual frequencies of exceedance of ground motion levels at a site. The current practice of PSHA 

treats the spatial uncertainty of ground motions as the uncertainty over time at a single site 

(Anderson and Brune, 1999). In other words, the spatial variability of ground motion is assumed as 

representative of the temporal one (ergodic assumption). The amplitude of shaking at a site is 

estimated through ground motion prediction equations (GMPEs) that evaluate various intensity 

measures (IMs) as function of earthquake magnitude, distance from the source, site conditions, and, 

sometimes, other variables. 

Since we do not have observations over long periods at any given site, most of the GMPEs have 

been derived using observed data from multiple stations and seismic sources, from global or multi 

region flat-files (Akkar et al., 2013; Ancheta et al. 2014). As a consequence, the increasing 

availability of records worldwide has stimulated the development of site-specific seismic hazard 

analysis, relaxing the ergodic assumption (e.g. single station sigma; Rodriguez-Marek et al. 2011; 

Luzi et al. 2014).  

Within the project S2 Constraining Observations into Seismic Hazard 

(sites.google.com/site/ingvdpc2014progettos2/home), in the framework of the agreement between 

Istituto nazionale di Geofisica e Vulcanologia (INGV) and Italian Department of Civil Protection 

(DPC), several activities have been promoted (Peruzza et al. 2015), as: (i) the execution of 

geophysical investigations on several accelerometric recording stations belonging to RAN (the 

Accelerometric Italian Network managed by DPC); (ii) the update of the Italian Accelometric 

Database ITACA (v.2.1, http://itaca.mi.ingv.it) public database with new data and original site 

information at accelerometric stations; (iii) the analysis of the variability of the ground motion in 

Italy on the basis of the new collected data and updated metadata; (iv) the testing of different 

approaches to evaluate fully site-specific probabilistic hazard assessment, including site effects at 

local and regional scales; (v) the validation and ranking of different PSHA studies, based on several 

qualified ground motion parameters. 

The publication of the new release of the Italian Accelometric Database ITACA (v. 2.1; ITACA 

Working Group, 2016) leads to a significant increase of strong motion data with respect to the 

previous one (v.1.0; Luzi et al. 2008, Pacor et al. 2011), which was used to calibrate the ground 

motion prediction model for Italy by Bindi et al. (2011). More than 5,000 waveforms of events with 

M>4.0 and related qualified metadata haves been added to ITACA, including data from recent 
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seismic sequences (2012 Emilia Mw=6.1; 2012 Pollino Mw=5.2; 2013 Garfagnana Mw=5.1; 2012 

Matese Mw=5.0). 

A complementary characterization of 49 recording sites has been conducted (Luzi et al. 2015; 

Felicetta et al., 2016 this issue) to update the station metadata in ITACA 2.1 and to account for site 

effects in a hybrid probabilistic/deterministic seismic hazard assessment (Faccioli et al., 2015).  

Luzi et al. (2014) already explored the variability at single sites in Italy using a dataset in the time 

interval 1972-2009 finding a reduction of the sigma by about 30%. In this paper, the single-station 

sigma for the Italian accelerometric stations was re-evaluated using a larger amount of data and the 

revised metadata, provided by ITACA 2.1. A strong-motion dataset, in the time interval 1972-2015, 

were used for the analysis and the results were compared with the previous study. 

Key stations, operating for at least 25 years in the Italian territory, have been selected in S2 Project 

for the validation of different seismic hazard maps proposed for Italy (Albarello et al. 2015a,b6; 

Albarello and Peruzza, 2016, this issue), including the ones adopted by the Italian regulation 

(namely MPS04, (available at http://zonesismiche.mi.ingv.it; Stucchi et al. 2011), and the European 

map resulting from the EU SHARE project (available at http://www.share-eu.org; Woessner et al. 

2015). The discussion on the variability is focused on these stations, and the results can be 

employed in the calculation of fully probabilistic site-specific PSHA removing the ergodic 

assumption (Barani et al. 2016, this issue). 

 

2. Residual decomposition method 
 

The core of the method is based on the residual analysis (Rodriguez-Marek et al., 2011; Luzi et al., 

2014). The total residual (Res) is computed as the difference between the logarithm of observation 

and prediction. The residuals have been calculated using the ITA10 (Bindi et al., 2011) as reference 

GMPEs for PGA (peak ground acceleration) and 19 acceleration spectral ordinates.  

The contributions related to the events and to the random variability (Al see Atik et al., 2010 for a 

clear excursus on terminology) is accomplished by decomposing the residuals according to the 

following expression:  

           [1] 

where the subscripts e and s refer to events and stations, respectively. 

esees WBR 
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δBe represents the between-events residual (event-term), which corresponds to the average misfit of 

recordings of one particular earthquake with respect to the median ground-motion model; δWes 

represents the within-event residual, which corresponds to the difference between the total residual 

and δBe. The within-event residuals are then exploited to evaluate the site-term for each station s: 

          [2] 

where NEs is the number of events recorded at the station s. This term quantifies the average misfit 

of recordings from one particular site with respect to the event-corrected median ground-motion. 

δBe and δS2Ss are zero mean random variables and their standard deviation, denoted by and S2S, 

quantify the variability from event-to-event and site-to-site, respectively. 

The within-event residual can be decomposed as: 

          [3] 

Where δWo,es is the remaining residual after site- and event- terms are subtracted from total 

residuals. The event-corrected single-station standard deviation for an individual site is computed 

as: 

         [4] 

 

and the event-corrected single-station standard deviation of all sites is: 

         [5] 

 

where NS is the number of stations in the dataset. Finally, the total single-station standard deviation 

can be computed as: 

           [6] 

where τ is the between-event standard deviation. 

Owing to the predominantly low and moderate level of the recorded motions, the within-event 

residuals and site terms are computed assuming linear soil behavior.  





sNE

1e

es

s

s W
NE

1
S2S

es,oses WS2SW 

 

1NE

S2SW

s

NE

1e

2

ses

s,ss

s





 

 



 



 






NS

1s s

NS

1s

NE

1e

2

ses

ss

1NE

S2SW
s

22

ssss 



6 
 

 

 

3. Dataset 
 

The dataset has been extracted from the Engineering Strong Motion database ESM 

(http://esm.mi.ingv.it; Luzi et al., 2016) and the Italian Accelerometric Archive ITACA v. 2.1 

(http://itaca.mi.ingv.it;  ITACA Working Group, 2016Luzi et al., 2008; Pacor et al. 2011).  

Metadata of recording stations have been updated according to the results detailed in Felicetta et al. 

(2016, this issue), while seismic events have been revised in terms of location, magnitude and style 

of faulting according to authoritative sources (e.g. http://www.isc.ac.uk/iscbulletin/; 

http://webservices.rm.ingv.it/). The most significant metadata for the earthquakes and stations are 

available in ITACA and ESM websites. 

All the waveforms contained in ITACA and ESM have been uniformly processed, according to the 

procedure described in Paolucci et al. (2011): the typical band-pass frequency range for digital 

instruments is between 0.2 and 40 Hz; the filtering interval of analog instruments is generally 

narrower. 

The data selection has been carried out according to the following criteria: 

1. Italian recording stations; 

2. Magnitude (MW or ML) larger than 4.0; 

3. Distance (RJB or Repi) in the range 0-200 km; 

4. Event depth shallower than 30 km; 

5. Stations having more than 3 records; 

6. Events having more than 2 records. 

The magnitude, distance and depth range are compatible with the selected GMPE and the 

corresponding dataset is named DBS2_4.0. In order to include the largest number of records for each 

station, we lowered the magnitude threshold to 3.5 (dataset named DBS2_3.5) for sake of 

comparison. Nevertheless, we are aware that records from low magnitude events might cause an 

increase of ground-motion variability. 

We check that the spectral ordinates included in the analysis are consistent with the waveform-

filtering interval. As a result, the number of observations for each period could be different (e.g. full 

coverage of central periods, less coverage of very low or high periods). 
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A small amount of data in DBS2_4.0 (less than 20%) includes the waveforms used to derive ITA10. 

The number of records, stations and events of the two datasets is listed in Table 1. In addition,; 

Figure 1 shows the geographic distribution of seismic events and recording stations.  

The two data sets encompass the main most significant seismic sequences (MW ≥ 6.0), that occurred 

in Italy in the last 40 years (MW 6.4 Friuli 1976-1977; MW 6.9 Irpinia 1980; MW 6.0 Umbria-

Marche 1997; MW 6.3 L’Aquila 2009; MW 6.1 Emilia 2012), marked in Figure 1 as by yellow stars. 

Figure 2 represents the magnitude versus distance distribution of the datasets. Records are well 

sampled in the magnitude range 3.5 - 5.5 and in the distance range 10-200 km, with a limited 

percentage of near fault records (1-10 km), that have been mainly recorded by temporary stations 

installed after the main shocks of the MW 6.3 L’Aquila and the MW 6.1 Emilia sequences. Nearly 

80% of records are in the magnitude range 3.5 - 4.5. 

The majority of strong-motion data for both datasets (> 90%) has been recorded by the National 

Accelerometric Network (RAN), operated by the DPC (network code: IT), and by the networks 

belonging to the INGV (codes: IV and TV). A very small percentage of records (4.4 %) comes from 

regional or temporary networks. 

In general, the events occurred in the shallower crust (50% of data are in the range 5 – 10 km). 

Normal (NF) and thrust (TF) fault mechanisms are predominant (about 40% and 35% of data, 

respectively), while the percentage of strike slip mechanisms (SS) is about 8%; a relevant 

occurrence number of records characterized by undefined style of faulting (UN) could not be 

resolved. 

Figure 3 shows the distributions of EC8 site classes (CEN, 2004) characterizing DBS2_4.0 and 

DBS2_3.5: the recording sites have been classified into the five categories (A, B, C, D and E), either 

on the basis of the measured shear wave velocity VS,30 (21% of the totality, calculated according to 

CEN, 2004) or of available geological information.  

Classes denoted by the “*” symbol (as defined in http://itaca.mi.ingv.it) are classified on the base 

basis of geological evidences according to Di Capua et al. (2011). A significant amount is relative 

to sites classified as B or B* (47 %) and C or C* (34%), while 16% of data refers to class A or A*. 

Only a limited amount is related to class D or D* and E or E*(less than 4%). 

Table 2 lists the stations which operated for at least 25 years. The table shows the number of 

records for each station in DBS2_4.0 and DBS2_3.5 and the current and previous EC8 site 

classification (before S2 project). In particular, about 25% of these stations have changed site class, 

Formattato: Evidenziato
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formerly inferred on the base of surface geology, after the in-situ investigation in the framework of 

S2 Project (see also Felicetta et al., 2016, this issue). The station map is shown in Figure 1b. 

 

 

4. Variability of the stations selected for PSHA model validation 
 

The residuals have been calculated using the ITA10 (Bindi et al., 2011) as reference GMPEs for 

PGA (peak ground acceleration) and 19 acceleration spectral ordinates (from 0.04s, 0.07s, 0.1s, 

0.15s, 0.2s, 0.25s, 0.3s, 0.35s, 0.4s, 0.45s, 0.5s, 0.6s, 0.7s, 0.8s, 0.9s, 1s, 2s, 3s and to 4s, the periods 

listed in the electronic Supplements ESUPP1, ESUPP2). Although we did not carry out a proper 

ranking analysis of the available ground motion models, we selected ITA10 because it was found to 

be the best performing model for Northern Italy (Lanzano et al. 2016) and for shallow active crustal 

regions in Europe (Delavaud et al. 2012a; 2012b). 

The standard deviations of the between-event component τ are given in Table 3. As expected, the 

introduction of small magnitude events (DBS2_3.5) causes an increase of the between-event error. 

Cotton et al. (2013) showed an increase of the between-event variability for small magnitude events 

using different ground motion models: this effect has been related to higher stress-drop variability 

of small earthquakes (Oth et al. 2010) or to a reduced accuracy of their metadata (depths, distances, 

magnitudes). This effect can also be attributed to the use of the ITA10 outside their validity range. 

The results of this work update the single station sigma analysis by Luzi et al. (2014), since a larger 

dataset (DBS2_4.0) is used, with a number of stations (#463) that is four times larger than the 

previous work (#117). The site terms δS2Ss and the variability at single-sites ss,s are available in the 

electronic supplements (ESUPP1 and ESUPP2) of this work. In Table 4 the single-station sigma 

obtained from equation [6] and recent regional and worldwide studies are compared. The single-

station sigma obtained from DBS2_4.0 are of the same order of the values obtained by Luzi et al 

(2014), for Italy, and by Rodriguez-Marek et al. (2011), for Japan, while the ones obtained from 

DBS2_3.5 are higher, confirming the larger variability associated to low magnitude events. 

A comparison between the Luzi et al (2014) and the current analysis is also shown in Figure 4 in 

terms of single site variability ss,s, for two IMs (PGA and SA at 1s), on a subset of common 

recording stations (#105). The results are coherent, with a reduction of ss,s for the stations that 

exhibit the largest variability in Luzi et al. (2014), probably due to the increment of the records 

number.  
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We also examined the difference between studies in terms of ss,s calculated as percentage of 

average difference on all IMs: for 19 out of 105 stations the average reduction is higher than 10%; 

for about 40 stations the difference is negligible, whereas for the remaining 46 stations the average 

variability increased more than 10%. It is not surprising, as in Luzi et al (2014) the variability at 

these stations was evaluated considering single source-to-site path; in this study, the increasing 

number of records allows to sample multiple source-to-site paths (e.g. stations in Northern Italy 

recorded the 1976-1977 Friuli, the 2012 Emilia sequences and minor events), that may increase 

single station variability. 

In Table 2, the average percentage increment or decrement of ss,s for the key stations, common to 

both studies (20 over 53 stations), is reported. For half of these stations there was either a 

significant decrease (2 over 20 stations) or an increase (6 over 20 stations) of the variability. The 

site term δS2Ss (provided in ESUPP1) is stable for all key stations. 

Figure 5 shows the comparison of the variability at single sites for the key stations, obtained with 

the DBS2_4.0 and DBS2_3.5 datasets for PGA, SA at 1s. For most stations the introduction of low 

magnitude events significantly increases the single-station sigma; in particular, a remarkable case 

(IT.FRN) is discussed in §4.1. The reduction of the single-station sigma is mainly related to the 

increase of records from the same seismic source (e.g. stations IT.BRS, IT.MSC, IT.PGG and 

IT.SDM, in Table 2, sample uniquely the 2009 L’Aquila source).  

In the next sections, we discuss a number of elements that could explain the increase of variability 

observed for several key stations: 

 limited number of records; 

 significant percentage of analog records; 

 records from multiple source-to-site paths; 

The second feature can be ascribed to data quality, whereas the third issue is physically based and 

can be related to ground motion attenuation. Other sources of variability increase can be related to 

the near fault effects, although there are no clear evidences in the key station dataset.  

The variability of the selected stations has been represented using the same plot (Figure 6 to 9): the 

within event residuals δWes are plotted as a function of period, using a color scale  dependent on 

distance; the site term δS2Ss is plotted as a black thick solid line; the black dotted lines are the 

values of δS2Ss  ss,s. The plots relative to all key station are provided in the ESUPP3. 
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4.1 Stations with limited number of records 

 

The variability of the selected stations has been represented using the same plot (Figure 6 to 9): the 

within event residuals δWes are plotted as a function of period, using a color scale  dependent on 

distance; the site term δS2Ss is plotted as a black thick solid line; the black dotted lines are the 

values of δS2Ss  ss,s. The plots relative to all key station are provided in the ESUPP3. 

Station IT.FRN is taken as an example to demonstrate that few records are not sufficient to 

constrain the variability at a single-site. The station has recorded 4 events and only one of them has 

a magnitude lower than 4. The single-site variability substantially increases in case of low 

magnitude events (Figure 6), demonstrating that, when the number of records is limited, one single 

observation can strongly influence the results. The same evidence is found for station IT.BRM 

(Figure 6).  

According to the results of this work, we believe that, in order to have reliable values of ss,s, at 

least 5 records per station should be necessary. We provide the number of record per station in the 

ESUPP, so that users are warned on the reliability of the results.  

 

4.2 Stations with significant percentage of analog records 

 

Analog records are strongly influenced by the instrument characteristics, that general have a high 

frequency limit of 25 Hz (0.04 s) and contain noise at low frequencies (usually lower than 1 Hz) 

and sometimes are triggered by the S-waves, therefore they lack the P-wave and part of the S-wave 

signal. These features may introduce biases in the variability observed at single sites.  

A significant example is the station IT.CSC, which was originally equipped with an analog 

instrument and subsequently replaced by a digital one. Analog records are related to the 1997 

Umbria-Marche Mw 6.0 seismic sequence, while recent digital waveforms are from minor events in 

central Italy recorded after 2010. 

The results are plotted in Figure 7: the variability is separately evaluated for analog and digital 

records. The most striking result is the strong decrease of variability in the case of digital records, 

despite the large range of magnitudes, distances and azimuths. 

The analysis of IT.NCR station remarks the same effect. In this case, two instruments were 

operating at the same site with a period of overlap. The analog one (associated to the code IT.NCR) 

was installed in 1974, whereas the digital instrument (named IT.NCR2) was installed in 1997. The 
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analog (IT.NCR) and digital (IT.NCR2) instruments are located in the ENEL box on the same 

pillar.  

For about 18 months, during the Umbria-Marche sequence, the two instruments recorded 

simultaneously. In Figure 8, the variability results are given for the nine common events, 

evidencing than the variability of analog waveforms is larger than digital ones. 

Unfortunately, the use of analog records cannot be avoided in this study, because the key stations 

were equipped with analog instruments at the beginning of their operating period (since 1972). In 

order to assess the influence of analog records, we retrieved only the digital records from DBS2_4.0, 

that represent 90% of the initial dataset. We recalculated the total standard deviation of the 

residuals, observing differences lower than 3% with respect to the sigma obtained from the initial 

dataset. In particular, the decrease in the total standard deviation is observed at lower periods.  

 

4.3 Stations with records from different source-to-site paths 

 

The example selected to assess the variability in function of source-to-site paths is IT.MLC, located 

on the eastern flank of the Garda Lake, which recorded 25 events from several seismic sources. The 

recorded events are shown in Figure 9a in terms of location and magnitude. Most of the records (20) 

come from the 2012 Emilia seismic sequence, two records are relative to the 1976-1977 Friuli 

seismic sequence and three records are from moderate events generated by the Garda Lake seismic 

source.  

Figure 9b shows the within-event residuals at IT.MLC for DBS2_3.5. The trend of the site term 

shows a remarkable amplification around 0.1s. A different trend is observed for the within-event 

residuals associated to the Garda source records (blue lines in Figure 9b), which contribute to 

significantly increase the overall variability. 

Lanzano et al. (2016) showed how the seismic response of the stations located in North-Eastern 

Italy is influenced by the reflections from the Moho discontinuity for different source-to-site paths 

(evidences from both 1976-1977 Friuli and 2012 Emilia sequences). This effect consists in the 

enhancement of PGA and low periods spectral ordinates at distance larger than 70km. For this 

reason, the records of the events located close to the IT.MLC site (less than 50km) seem to be 

unaffected by Moho reflection. The same behavior is also observed for other stations located in the 

vicinity of IT.MLC (i.e. IT.GAI, IV.ZEN8, IV.VOBA, in the ESUPP3).  
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Similar considerations can be drawn for the station IT.SRL, one of the stations with the largest 

variability among the key stations (Figure 5). IT.SRL is located in the Mount Conero along the 

Adriatic coast (Figure 9c). The recording site is located on the margin between the Apennine chain 

and the Adriatic foreland and recorded events from these different tectonic environments. The cause 

of the large variability can be ascribed to the remarkable difference between these two seismo-

tectonic contexts in terms of S-wave velocity profiles and depths of the Moho interface (Molinari et 

al. 2015). Large variability is also observed for the station IV.SENI (Senigallia), despite the large 

azimuthal sampling and number of the recorded events (see ESUPP3).  

 

5. Conclusions 
 

This paper updated the results of single-station sigma analysis by Luzi et al. (2014) for the strong-

motion stations operating in Italy. The ground motion prediction equations by Bindi et al. (2011) 

has been used as reference model for the calculations of the expected median intensity measures. A 

residual analysis following Rodriguez-Marek et al. (2011) approach is carried out on two datasets 

with different magnitude thresholds (DBS2_4.0 and DBS2_3.5). The magnitude limit was lowered to 

3.5 with the aim of obtaining the largest number of records for each station although records from 

low magnitude events may cause an increase of variability.  

The overall values of the single-station sigma ss obtained using DBS2_4.0 are of the same order of 

those obtained in previous investigations (e. g. Rodriguez-Marek et al., 2011; Luzi et al 2014). The 

comparative analysis between the two datasets shows that a lower magnitude threshold generally 

causes an increase of ground motion variability; the increase is observed for the between-events 

variability, as well as for the single-site variability. For this reason, the results have been provided 

only for DBS2_4.0. 

The main results of this study are:  

 A reliable estimate of single-site variability is obtained when the station recorded a 

significant amount of events, from all the possible seismic sources and magnitudes. Single-

path sigma can be erroneously assumed as single station sigma, when a site has recorded a 

single seismic sequence. This assumption may have a relevant impact for hazard studies.  

 According to the results of this work, we believe that, in order to have reliable values of ss,s, 

at least 5 records per station should be necessary. However, several studies on the variability 
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of ground motion (e.g. Al-Atik 2015 for NGA-East) consider 3 records as minimum 

threshold.  

 The effect of low magnitude events on site variability still has to be resolved, as we could 

not separate the magnitude factor from seismic sources (single-path or multiple paths). 

 Stations that recorded a consistent amount of analog time series generally have large 

variability. Analog records generally usually contain noise at low frequencies and 

sometimes are triggered by the S-waves. The key stations selected for the validation of 

hazard models in Italy (Albarello et al. 2016), that have been operatinged for about 40 years: 

they, recorded a large amount of analog time-series, therefore their single-station sigma can 

be significantly biased.  

 Single station sigma studies should be periodically updated with new data and metadata. 
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Figure captions 
 

 Figure 1. Spatial distribution of events (a) and stations (b) in DBS2_3.5. Key stations are 

marked in red. 

 Figure 2. Magnitude–distance plot with the marginal distribution of magnitudes in 

DBS2_3.5. 

 Figure 3. Distribution of records as a function of EC8 site class. 

 Figure 4. Single site variability ss,s in Luzi et al. (2014) and in this study for: PGA (a) and 

T=1s (b). #recs is the number of records in DBS2_4.0. 

 Figure 5. Single site variability ss,s of the key station for: PGA (a) and T=1s (b). Δrec is the 

increment of records when the magnitude threshold is set to 3.5. 

 Figure 6. Within-event residuals versus period at IT.FRN (a, b) and IT.BRM (c, d) for 

DBS2_3.5 (a, c) and DBS2_4.0 (b, d). The black line is the site term, δS2Ss, and the dotted 

line is the standard deviation ss,s. The color scale of within-event curves is function of 

distance R. 

 Figure 7. Within-event residuals versus period at IT.CSC for DBS2_4.0 for: analog (a) and 

digital (b) records. The black line is the site term δS2Ss and the dotted line is the standard 

deviation ss,s. The color scale of within-event curves is function of distance R. Location of 

the events recorded by IT.CSC by analog (c) and digital (b) instruments. 

 Figure 8. Nocera Umbra recording site: within-event residual versus period for nine events 

of the 1997 Umbria-Marche seismic sequence, recorded by analog IT.NCR (a) and digital 

IT.NCR2 (b) instruments. The black line is the site term δS2Ss and the dotted line is the 

standard deviation ss,s. The color scale of within-event curves is function of distance R. 

 Figure 9. Spatial distribution (a) and within-event residuals versus period (b) of the events 

recorded by IT.MLC. Spatial distribution (c) and within-event residuals versus period (d) of 

the events recorded by IT.SRL. The black line is the site term δS2Ss and the dotted line is 

the standard deviation ss,s. The color scale of within-event curves is function of distance R. 
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Electronic supplements captions 
 

 Esupp 1. Site terms δS2Ss (ln units) for DBS2_4.0. 

 Esupp 2. Variability at single sites ss,s (ln units) for DBS2_4.0. 

 Esupp 3. Figures of the spatial distribution and within-event residuals versus period of the 

events recorded by key stations. 
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Table 1. Main features of the datasets employed in the analysis. 

Dataset # recs # stations # events 

DBS2_4.0 3949 463 228 

DBS2_3.5 8403 600 522 
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Table 2. List of the investigated stations (RAN network). The * symbol marks the EC8 classes inferred from 

surface geology.  is the average percentage difference of ss,s with respect to Luzi et al. (2014); NA denote 

stations not analysed in Luzi et al (2014). 

 Station 

code 

Station name # recs 

3.5 

# recs 

4.0 

EC8 EC8 

(ITA10) 

VS,30  

[m/s] 
 
[%] 

1 ALF Alfonsine 7 6 C C* 240 NA 

2 BGI Bagnoli Irpino 5 3 B B 498 NA 

3 BRC Barcis 5 4 A A* 860 -1.55 

4 BRM Brasimone 7 6 B B* 410 NA 

5 BRN Brienza 6 4 B B 402 -50.40 

6 BRS Barisciano 34 9 A* A* - 34.60 

7 BRZ Bersezio 4 3 A B* 1103 NA 

8 BSS Bussi 14 8 B* B* - 1.80 

9 BVG Bevagna 9 9 D D 162 14.96 

10 BVN Bovino 4 3 B B 364 NA 

11 CLT Calitri 6 3 B B 495 20.21 

12 CNG Conegliano 5 5 C B* 220 268.05 

13 CSC Cascia 20 12 B B* 698 -9.65 

14 CST Castelfranco Veneto 7 6 C C* 323 NA 

15 CTS Città di Castello 13 5 C* C* - NA 

16 DMN Demonte 4 3 B C* 514 NA 

17 FHC Forca Canapine 4 4 A* A* - 3.08 

18 FRN Fornovo 4 3 C B* 309 NA 

19 GBB Gubbio 12 9 B* B* - 50.24 

20 GLD Gildone 6 5 B B* 470 NA 

21 GRM Grumeto Nova 6 4 C C 283 102.63 

22 LNG Langhirano 7 6 C C* 296 NA 

23 LRS Lauria 5 3 A B* 1010 NA 

24 MLC Malcesine 25 18 B A* 580 27.81 

25 MLD Meldola 12 6 C A* 214 NA 

26 MNF Monte Fiegni 6 6 A* A* - 3.44 

27 MNS Monselice 12 7 C C* 190 NA 

28 MRN Mirandola 25 17 C C 208 NA 

29 MRT Mercato S. Severino 6 4 B B 483 NA 

30 MSC Mascioni 15 4 B* B* - NA 

31 MTL Matelica 7 6 B C* 580 NA 

32 NAS Naso 9 4 C B* 310 NA 

33 NCR Nocera Umbra 31 23 E E 534 -3.86 

34 NVL Novellara 20 16 C C 190 -9.13 

35 PGG Poggio Picenze 19 6 B* B* - NA 

36 PNN Pennabilli 14 7 C B* 335 NA 

37 PTL Pietralunga 7 3 B* B* - NA 

38 RCC Roccamonfina 5 5 C C* 242 NA 

39 RNC Rincine 7 6 A B* 870 NA 

40 SCF Scafa 15 8 B* B* - -23.23 

41 SDM S. Demetrio nei Vestini 20 7 A* A* - NA 

42 SGR S. Giorgio La Molara 9 7 B B* 701 NA 
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43 SNG Senigallia 3 3 C B* 260 NA 

44 SNN Sannicandro Garganico 9 5 A A 965 NA 

45 SRL Sirolo 6 6 C B* 270 NA 

46 SRP Sorbolo 19 16 C C* 227 NA 

47 SRT Sortino 12 3 A A* 866 NA 

48 SSV S. Severo 10 5 B B 390 47.30 

49 STG S. Agapito 6 5 B* B* - NA 

50 STR Sturno 6 3 B B 382 66.37 

51 STS S. Sofia 12 5 B B* 460 NA 

52 TRR Tricarico 5 4 B B 467 -36.39 

53 VLS2 Villa San Giovanni 4 3 B B 520 22.06 
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Table 3. Standard deviation τ of the between event term δBe (ln) 

 

  

IM DBS2_3.5 DBS2_4.0 ITA10 

PGA 0.551 0.523 0.368 

SA(0.04s) 0.574 0.528 0.322 

SA(0.07s) 0.608 0.557 0.350 

SA(0.1s) 0.611 0.565 0.362 

SA(0.15s) 0.582 0.548 0.408 

SA(0.2s) 0.560 0.542 0.419 

SA(0.25s) 0.542 0.528 0.444 

SA(0.3s) 0.529 0.507 0.456 

SA(0.35s) 0.524 0.501 0.447 

SA(0.4s) 0.516 0.491 0.472 

SA(0.45s) 0.508 0.481 0.500 

SA(0.5s) 0.500 0.475 0.493 

SA(0.6s) 0.492 0.469 0.530 

SA(0.7s) 0.492 0.477 0.550 

SA(0.8s) 0.491 0.479 0.555 

SA(0.9s) 0.485 0.471 0.571 

SA(1s) 0.483 0.467 0.571 

SA(2s) 0.470 0.428 0.564 

SA(2.5s) 0.466 0.421 0.569 

SA(4s) 0.441 0.397 0.560 
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Table 4. Comparison of single-station sigmas σSS obtained in different studies. 

IMS DBS2_3.5 DBS2_4.0 Luzi et al. (2014) Rodriguez-Marek 

et al. (2011) 

PGA 0.750 0.673 0.649 0.670 

SA (0.1s) 0.830 0.738 0.665 - 

SA (0.3s) 0.734 0.674 0.723 0.659 

SA (1s) 0.678 0.654 0.693 0.610 
 


