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 Gruppo Nazionale per la Difesa dai Terremoti

Brief Report 

Probable earthquakes in Italy from year 2000 to 2030: guidelines for determining priorities in seismic risk mitigation

Coordinators: Alessandro Amato and Giulio Selvaggi

Introduction

Aim of the project is to introduce tools for estimating short and mid-term (10-30 years) seismic hazard comprehensive of a dependence on time. This is achieved through the developing of original techniques able to work with a new hybrid seismogenic model, based on individual seismic sources and source-areas. The seismogenic model derives from the integration of seismological, geodetic and geological data, many of which have been produced or revised during the project. The model allows us to provide a formal definition of areas of more probable future earthquakes in Italy (defined as “potential seismic gaps”). In two regions, already recognised at the beginning of the project (namely Città di Castello and Pergola-Melandro), the integration of geological, geodetic and seismological data allows us to constrain geometry and kinematics of the potentially active faults. 

Original achievements of the project are the determination of regional attenuation laws, and a simplified quantification of the effects of local geology on ground shaking at national scale, whose effects have been tested in conventional hazard maps and to some extent also in the time-dependent ones. Due to the still high uncertainties of the time behaviour of active faults used in time-dependent hazard maps, we discarded from the present analyses the use of regionally differentated attenuation functions and the site-effect contribution. These tend to mask the comprehension of the contribute of the source model, the main target of the project.

It is relevant to note that, after the Molise, October 2002 earthquake, the Italian Government promoted the review and updating of the seismic building code, with the aim of making it coherent with the European code. The Prime Minister Ordinance n. 3274 (March 2003) established that a seismic hazard map was to be compiled and made available within one year (April 2004). Much of the work done for this important task was built on the data and experience of this project.

Specific outcomes of the project can be summarised as follows: 

- Data bases

- DISS - updated version of the “Database of Italy’s Seismogenic Sources”

- Seismogenic zonation for sensitivity analyses in conventional hazard maps 

- Completeness intervals determination from the CPTI seismic catalogue 

- Geodetic and seismic strain estimates, and comparative evaluations

- Integrated earthquake catalogue for the period 1981-2002

- Parametric database of arrival times for DSS-WARR active seismic profiles 

- 3D velocity models for Italy

- Regional attenuation laws 

- Database of geological and geotechnical information of Italian municipalities

- Simplified parameterisation of the effects of local geology in conventional hazard maps

- Revised version of the Tsunami catalogue 

- Coordinated activities 

- Combination of historical seismicity, seismotectonics, geodesy, paleoseismology studies in the priorities areas, and comparative evaluations 

- Sensitivity analysis of hazard maps from input parameters in conventional approaches

- Time dependent hazard maps

- Comprehensive evaluation of seismological, geodetic, geologic data of the seismogenic potential in Italy  

- GIS containing data and elaborations of the project 

In the following sections, all the activities of the project are briefly described, devided by Tasks.

Task 1.1 Database of Italy’s Seismogenic Sources (DISS)

Task leader: G. Valensise, INGV, Roma

Original investigations on previously unidentified seismogenic sources were carried out during the three-year term of the project. Geometry and faulting mechanism for several poorly understood historical earthquakes were proposed. This first result contributed in enriching and improving the Database of Italy’s seismogenic sources. This database was originally published in the summer of 2001 as DISS 2.0 and a preliminary new version (DISS 3.0) is now complete as an achievement of Task 1.1. This new version includes several improvements of the database structure and updates of the supporting data (seismic catalogues, bibliography, georeferenced maps from literature), and contains every seismogenic source identified or modified after the publication of DISS 2.0. The new database now includes over one hundred seismogenic sources backed with geological, geophysical and historical data (over forty sources added to the previous version). The whole dataset delineates the major systems of active faults (see Plate 1.1). Particularly, two newly identified seismogenic sources (namely “Anghiari” e “Poppi”) are not associated with any earthquake and can be declared as possible “seismic gaps” whose identification was a primary goal of the entire project. The main seismogenic sources newly identified will be briefly illustrated below.

Main seismogenic sources newly identified (from North to South)

Lunigiana, Mugello, Casentino. Three sources were associated with the following earthquakes: 1834 (Lunigiana, Me 5.7), 1542 (western Mugello, Me 5.9), and 1919 (eastern Mugello, Me 6.3). An important seismic gap (named “Poppi”) was also identified in the Casentino area. These four sources (see figure 1.1.1 below) stretch along the northernmost sector of the Etrurian Fault System.

Val Tiberina. Two sources were associated with the 1917 (Monterchi-Citerna, Me 5.9) and the 1789 (Val Tiberina, Me 5.6) earthquakes. These sources were identified through detailed historical reconstructions (with Task 1.2) and geological-geomorphological investigations, with the additional constraint of observed coseismic effects. They are interpreted as a sector of the Altotiberina master fault and its antithetic normal fault, respectively. 

Valle Umbra. Three sources were associated with the following earthquakes: Foligno (1832, Ma 5.1), Bastia (1854, Me 5.6) and Montefalco (1878, Me 5.3). These are east-dipping faults that were derived from a combination of geological and geophysical data and belong to the southernmost sector of the Altotiberina Fault.

Molise Earthquake. Two sources were associated with the October 31 (Mw 5.4) and November 1, 2002 (Mw 5.3) (Valensise et al., 2004).

Capitanata Earthquake. The Molise 2002 earthquakes provided new evidence on the kinematics of the large 1627 earthquake (Me 6.8) that was now re-interpreted as due to the western prolongation of the Mattinata Fault, an important right-lateral E-W transcurrent crustal structure.

E-W lineaments in the Apulian area. The investigations on the 2002 Molise earthquakes prompted a wide re-examination of the possible faulting mechanism of several poorly understood historical earthquakes located between the Apennines chain and the Apulia Region. Deep E-W faults were proposed as the sources of the 1361, 1456, 1560, 1731, 1930, and 1962 earthquakes.

Hyblean area. All main earthquakes of the Hyblean region were re-examined and associated with NNE-SSW structures. These structures cut across the Hyblean foreland from the southern Sicily coast to Catania (a fault system already known as the Scicli-Ragusa Line and its northward prolongation).
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Figure 1.1.1 – Database of Italy’s Seismogenic Sources (DISS), representation for northern Apennines with potentially active faults in yellow.

Task 1.2 - Historical earthquake investigation 

Task leader: M. Stucchi, INGV, Milano

Historical earthquake investigation in priority areas. 

We performed dedicated historical studies in priorities areas with the aim of i) improving the information available for the “known earthquakes”, including some of them presently located outside the areas; ii) to search for “unknown earthquakes”. Results allowed us to identify some moderately damaging earthquakes and several minor ones previously unknown to seismological literature. Four regions have been investigated: upper Tiber Valley, upper Arno Valley (including Città di Castello and S. Sepolcro areas), Lunigiana and Garfagnana (North of Pisa) and Po plain, Northern Italy (1802, Soncino earthquake). Results have been integrated in the DISS database (Task 1.1). 

Assessment of the completeness time-intervals 

The investigation started from the evidence that the seismicity rates adopted for PSHA in 1996, determined by means of a statistical approach, were in some zones so high that the virtual number of large earthquakes (M>5.8) corresponding to those rates (about 330) was more than twice the actual number of earthquakes in the catalogue in the same range of size (134). As this appeared unacceptable from the historical point of view, investigation were started at 18 localities - outside this project - for developing and testing a methodology based on historical evidence. 

In the frame of this project the results have been used to calibrate and improve the completeness time-intervals used by PS4. First, new time-intervals have been determined for 5 mega-zones (instead of the 4 used by PS4); next, new time-intervals have been determined for each source zone (SZ) of the prototype seismogenic zonation ZS8 (see next section). These data and procedure were used to assess the completeness time-intervals for the SZ of the seismogenic zonation ZS9. Two datasets, based on a historical and a statistical approach, were finally used for determining the seismicity rates in the frame of the project for the compilation of the new seismic hazard map of Italy requested by the Department of the Civil Protection for supporting the new building code. An example is given in Figure 1.2.1.
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Figure 1.2.1 - Space-time plot (SZ versus time), for Mw=6.37, of the earthquakes (grey dots) and the completeness start times derived from: i) historical approach (18 localities, blue stars); ii) historical approach (SZ, green squares); iii) statistical approach, with confidence intervals (30 sites, red full triangles and bars); iv) statistical approach (SZ, green triangles).

Task 1.2.1 An updated seismogenic zonation of Italy for conventional PSHA

Although this project is heading towards the assessment of earthquake probabilities mostly based on the parameters of individual seismogenic sources (Task 3.4), still there is a need of conventional PSHA to be used for a number of goals, including the updating of the seismic zoning supporting the building code.

The currently available PSH maps, usually called PS4, are based on elements released around 1996. In particular, the seismic zonation ZS4 (1996) shows inconsistencies with new evidence of active tectonics and seismogenic sources supplied by the most recent studies: in addition, many seismic zones contain a too small amount of events, what makes the statistic evaluation unstable.

This research was devoted mainly to supply an updated seismogenic zonation: a) consistent with the state-of-the-art of the active tectonics in Italy and mostly with DISS (Task 1.1); b) the size of the zones to be such that the number of earthquakes in each zone represents a reliable sample for statistical evaluations. The investigation started remastering ZS4, still popular with the users, and was performed according to the following steps: a) ZS6, consisting of a remake of ZS4 obtained reducing the number of SZ from 80 to about 25, by mainly joining together contiguous SZ with similar background, without modifying the original geometry; b) ZS7 and ZS8, where criteria applied for designing ZS6 were applied but, in addition, the original geometry of some SZ was modified, in agreement with the new evidences and the results of sensitivity analysis performed along the way.

This model, and the derived ZS9, were used to test the effects of regional attenuation laws produced in the project (Task 3.1) and of other parameters on conventional hazard estimates, produced for the already mentioned Prime Minister Ordinance n. 3274 (March 2003). Plate 1.2 summarizes some of these tests.
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Fig. 1.2.2 – The seismogenic zonation ZS8.

Task 1.3: Seismic and geodetic deformation

Task leader: G. Selvaggi, INGV, Roma

The goal of the task is to provide an estimate of the tectonic (geodetic) deformation across Italy in a long time interval (130 years) and to compare geodetic strain rates with seismic strain rates. 

Geodetic deformation is calculated from the GPS reoccupation of the first order triangulation network established by the Istituto Geografico Militare (IGM) in the time interval 1870-1908. Where possible, results have been compared with data from permanent GPS (CGPS) stations with at least 2.5 years long time series. 

Seismic deformation has been derived both from available moment tensors of large earthquakes occurred in Italy in the past century and by considering the seismic release involved by a Gutemberg-Richter relationship for earthquakes contained in the 1981-2002 catalogue compiled in the framework of this project (Task 2.1).  

Furthermore, a re-evaluation of the first order levelling lines allowed us to constrain the elevation changes in peninsular Italy.

The GPS reoccupation of the 1875 triangulation network

The methodology for evaluating tectonic strain from triangulation networks is well known from scientific literature (e.g. Frank, BSSA 1966). The original Italian triangulation network consists of 203 vertices measured by the former IGM between 1869 and 1881 (the “1875 network”). The baseline length of the network is between 30 and 50 km, suitable for the detection of tectonic strain. The 1875 geodetic network dataset includes only angle observations. We calculated coordinates for the 1875 network by assigning to two 1875 sites their 2001 GPS coordinates and performing a network adjustment. A first step, before the GPS re-occupation, has been the selection of surviving monuments performed in the historical archive of the IGM, in Florence and later in the field. 90 monuments, out of the 130 selected were in good condition for a GPS reoccupation. No surviving monuments have been found in Calabria, thus this region is excluded from any geodetic estimates. Between June 2001 and October 2003, we reoccupied the vertices in 5 field campaigns, using GPS double frequency receivers. We thank Civil Protection for supporting us during the field experiments. 

We subdivided the study area into polygonal regions. In each polygon we estimated shear strain rates from the four components of the horizontal velocity gradient tensor derived from the apparent velocities of sites on the border of and within the polygons. 

Results are portrayed in figure 1.3.1 and show:

(a) strain rates are everywhere lower than 100 nanostrain/yr. Considering the size of polygons, this means that lengthening or shortening rates are everywhere lower than 5 mm/yr, and most commonly below 3 mm/yr. (b) In the Apennines, the geodetic signal shows NE-SW extension rates between 60 and 100 nanostrain/yr. (c) Strain estimates for Adriatic and Tyrrhenian coastal areas are almost all within uncertainties (at the level of 40 nanostrain/yr). (d) N-S shortening rate at 50-80 nanostrain/yr is found in the eastern Alps. The large strain rate in the Eastern Alps is also due to the coseismic deformation due to 1976 Friuli earthquake. (e) Results in Sicily from re-occupation campaigns alone are probably biased by network geometry, and will not be presented; however, the use of CPGS allowed us to infer the strain rate for Sicily (see next section). Results have been partially published on GRL and a more complete paper is in preparation. 

Strain from Continuous GPS stations (CGPS) 

We compare the results summarized above with CGPS working in Italy since at least 2.5 years. With these data, we have calculated velocity fields and strain rates. The comparison shows a good agreement with strain axes directions, not with their magnitude. 

A specific work in Sicily, combining CGPS data and episodic GPS campaign results, allowed us to define strain rates across Sicily and in particular across the Messina Strait. Results are in press on JGR and show extensional strain rates of about 150 nanostrain/yr across Messina Strait. Another important issue for seismic hazard assessment is connected to the large shortening taken up in North Sicily and in the Ionian wedge where rates up to 5 mm/yr have been estimated. Given the low-level of the deformation that can be accounted for by the seismicity in Northern Sicily and in the Ionian Sea, a considerable deficit of seismic release is found in both areas, which needs to be evaluated by more focused studies.
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Figure 1.3.1 – (Top) Northern Italy: Comparison among strain rate axes direction calculated from re-occupation of the 1875 triangulation network, continuous GPS data, and seismic release of the past 30 years. (Bottom left) Apennines: Comparison between seismic and geodetic strain from the re-occupation. (Bottom right) Messina Straits: Velocities and strain from GPS data.

Strain from moment tensor of earthquakes and GR distribution 

Strain rates axes directions derived from available moment tensor of earthquakes from the past century agree well with geodetic strain rates axes direction. The magnitude differ suggesting that aseismic strain release could play an important role in the dissipation of accumulated strain, although more precise GPS measures are needed for a definitive answer to this general problem.  

Finally, the re-evaluation of levelling lines provides an original view of the elevation changes across central and northern Apennines. We found that elevation changes are at the level of 2-3 mm/yr in northern Apennines, and that can be modeled with interseismic strain accumulation on faults (Plate 1.3). These results will be described in a scientific paper, presently in preparation.

Task 1.4 Characterization of seismogenic sources in “potential gap areas”

Task leader: P. Montone, INGV, Roma

The goal of this task is both to provide original multidisciplinary data on two areas defined as potential “seismic gap areas”, and to test methods that can be used in the future to study hypothesised hidden seismogenic structures. The two selected areas are: Città di Castello-Sansepolcro (CC-SS) and Pergola-Melandro (PM) basin.

We have combined the following data and techniques: analysis of "geological" data: geological, structural, geomorphic, hydrographic data, boreholes and geo-electric logs, commercial seismic reflection lines interpretation; radiocarbon dating; analysis of seismological data, in particular microseismicity (5>M>3) study, including earthquake focal mechanisms (both polarity solutions and CMT-RCMT computations), elastic strain accumulation and Deep Seated Gravitational Slope Deformation through InSAR technique; active stress analysis (smoothed stress directions).
The final product is the identification and characterization of the seismogenic sources for the selected areas, in terms of geometric and kinematic parameters (strike, dip and rake, extent, slip rate value, age…). 

Pergola-Melandro fault 

Data: Although seismicity is slightly diffuse along the Pergola-Melandro basin, two seismic sequence have been relocated, occurred in 1996 (Agri area) and in 2002. The 2002 seismic sequence is located in the northern part of P-M basin and only the integration of data from local networks allowed us to localize it and to compute some focal mechanisms. The results show extensional focal mechanisms with T-axis NE-SW oriented.

Structural and geomorphic analysis based on spot images, DEM, aerial photos interpretation, and field data, evidence a ~20 km long mainly normal fault, running on the western edge of the Pergola-Melandro basin (figure 1.4.1). Complex rotational landslides are observed in the southern sector of the basin. In the central and northwestern sector, morphological elements of mass movements are present related to paleo-landslides and Deep Seated Gravitational Slope Deformation (DSGSD). 
Val d’Agri/ Diano/ Pergola Melandro areas have been also investigated by means of Synthetic Aperure Radar (SAR) data. The main topic is the detection of surface movements by means of radar SAR Interferometry (InSAR). The first step is the generation of a large number of interferograms spanning different time intervals. Their comparison allows to detect movements and quantify them year per year. 20 images for the ADPM area were available and analysed. A more recent development in SAR data processing made available the combination of a large number of interferograms to generate velocity maps with a centimetric and/or millimetric accuracy. This combination results in an improved signal-to-noise ratio, a better cleaning of atmospheric phase contribution and a more complete evaluation of the topographic phase. The displacement maps from InSAR have been filtered to clear low coherent areas and emphasize the results. Well localized surface movements are detected, with rates of a few mm/year. They are partly due to DSGSD in the high-relief zones within the study area and to tectonic movements as well (Fig. 1.4.1). The approach used in the project suggests that InSAR can be used effectively as a first recognition step to identify the most active areas and to address seismotectonic and geological ground based studies to discriminate between DSGSD and tectonic movements on seismogenic faults. In this task, we trenched the fault at two sites and collected samples for radiocarbon dating (in progress).
An active stress map for the area and the surrounding regions, in which both the original data and the smoothed stress directions are reported, was produced.  

Parameters of the PM fault: Average strike between N320 and N350. Dip between 70° and 75° toward east. Kinematics: mainly normal fault. The ages of the two deformed paleosoils suggest that the events of deformation occurred in the last 10-12 ky. The minimum net vertical displacement of the dated paleosoil across the graben is 3.6 m (figure 1.4.2). Based on this measurement we estimate a minimum vertical long-term slip-rate of about 0.3 mm/yr at this site. Top of the structure: at surface; bottom: 10 -13 km depth.

By the end of the project we plan: (a) to collect additional data and observations through a final field survey; (b) to define the chronology of the deformation events at the quarry with the radiocarbon dating results that will be available soon.

Città di Castello-Sansepolcro fault structures

Data: In collaboration with the University of Perugia, a few reflection seismic lines, crossing the sector between the Tiber valley and the Apenninic belt, have been interpreted to reconstruct the geometry and kinematics of the main structures in the area (in combination with the the GNDT Project led by M. Cocco). At least two main structures are defined (the Alto Tiberina fault (ATF) and an antithetic one (AATF). Although the crustal seismicity is mostly concentrated in the area struck by the 1997 Umbria-Marche seismic sequence, also here, some seismic sequences are located in the northern sector of CC-SS basin showing the presence of two NW-SE seismogenic structures with opposite dip. 

Available SAR data cover the time period 1992-2000. 14 interferograms have been computed. For both areas a 20-m pixel size Digital Elevation Model (DEM) has been used to subtract the topographic contribution. The selected interferometric pairs have very short spatial baselines to reduce the topographic contribution almost at all. Moreover the use of the 20-m pixel size DEM completely erases it. For this reason, the residual differential fringes indicate surface displacements, except for the possible presence of atmospheric fringes (figure not shown here). 

Also for this area and for the surrounding regions, we have determined an active stress map in which the smoothed stress directions are reported. 

Parameters: ATF fault: average strike between  N320 and N330. Average dip is 30° toward east. The length is 18 km, the width is 6 km. Kinematics: prevalent normal fault. Top of the structure: 3 km depth; bottom: 6 km depth. AATF fault: average strike between N130 and N160. Average dip is 40° toward west. The length is 20 km, the width is 5 km. Kinematics: prevalent normal fault. Top of the structure: 1 km depth, bottom: 4-5 km depth. AATF is cut by ATF at a depth of 3-5 km beneath the CC-SS basin. ATF and AATF faults are composed by at least two parallel segments.

Conclusions: The main goal of this Task has been achieved through the definition of the seismogenic structures in regions previously described as seismic gap areas. All the methods used (geological, geophysical, InSar) have contributed, at different level of completeness, in the characterization of the structures.  The multidisciplinary approach proposed at the beginning of the project has revealed effective to constrain and study hypothesised seismogenic structures. 
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Figure 1.4.1 - Trace of the Pergola-Melandro fault (red lines) and differential interferograms. Phase changes are in radiants. Coherence is mainly good in urban areas. Atmospheric contribution can be also present.
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Figure 1.4.2 - Deformation zones of the Pergola-Melandro fault at the Quarry site.
Task 2.1- Italian earthquake catalogue for the period 1981-2002

Task leader: C. Chiarabba, INGV, Roma

The goal of task 2.1 is the compilation of a catalogue of Italian earthquakes for the period 1981-2002. We worked on three different aspects; A new association of seismic events and phase arrivals from permanent networks operating in Italy in the period 1997-2002, earthquake location for the entire 1981-2002 seismicity, and local magnitude estimates. 

We start working on the catalogue available from a previous GNDT project, released in 2001, which covered the period from 1981 to 1996. For this period we kept the original association of the events. For the period 1997-2002, we combined data from several organisations, strongly increasing the spatial resolution all over Italy with respect to the INGV national network alone. We then developed an original algorithm to associate over 2,000,000 P- and S-wave phases recorded at about 700 seismic stations. The new catalogue contains 99,780 located events, out of the 136,850 recorded. Earthquakes have been located by using a simple optimized 1-D velocity model and the Hypoellipse code. A different weighting scheme is applied to the location to optimize hypocentral parameters for earthquakes occurring in regions with different station cover. The statistical parameters of location, including azimuthal gap, errors and final rms are reported in the catalogue. 

Local magnitude estimate

The phase catalogue maintains the original information on the event duration at each station. Durations are strongly heterogeneous mainly because of its different definition among operators. We decided to use only durations provided by INGV national network because of its homogeneity through time. We derive local magnitude via linear regression between manual estimates of local magnitudes provided by MedNet network and the corresponding durations. We then could work with a dataset of 5,000 Ml, with a good coverage of the Italian territory, ranging from 1.9 up to 6.0, but with a large concentration in the range 2.5(4.0.  

The linear functional between Ml and LogT is very simple and dependences, for example from distance, is not seen in the data because of the large dispersion of both datasets (Ml and durations). We could differentiate the behaviour of stations located in the peninsula from those located in Sicily for which we determined different couple of coefficients. The difference is important and has a consequence on the average release of Sicily.  The regressions are:

(1) Peninsula:  ML = 2.49((0.03)*LogT - 2.31((0.08)           (15.672 durations T > 50s)

(2) Sicily:         ML = 1.31((0.02)*LogT + 0.61((0.05)              (831 durations T)

The regressions are defined in the interval 1.5(4.5. Ml for larger earthquakes is not derived from regression but is either estimated from MedNet data, or from scientific literature, or from NEIC bulletins. Such information is reported in the catalogue. Deep earthquakes have either Mw or Mb. 

In summary, the earthquake catalogue 1981-2002 contains 48,299 Ml estimates above 1.5. Figure 2.1.1  shows a GR distribution for the Ml dataset, and Figure 2.1.2 shows the epicentral distribution on a map. 

As Mw estimates are available from MedNet moment tensor catalogue, we also provide an Ml-Mw regression to quantify seismic release. 

A comparison with GNDT previous work shows little differences, within uncertainties, in the regression coefficients, both for Ml-LogT and Ml-Mw, although we worked with different datasets. 

A complete description of the work is submitted to Annals of Geophysics (Castello et al., 2004). The earthquake catalogue will be released on a CD-ROM. 
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Figure 2.1.1 Frequency-magnitude 

Figure 2.1.2 Epicentral distribution of crustal
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Task 2.2 - Velocity models from refraction/reflection data

Task leader: G. Biella, Milano

The UR2, CNR Milano, in the framework of the project, has carried on the analysis of the reflection/refraction seismic profiles (DSS and WARR) recorded in several projects since 1968 in the Italian territory. The goals of this analysis can be summarised in the construction of a parametric database containing the geometric parameters of recording profiles, the arrival times estimates on each section and results of kinematics analysis carried out in the recorded data and finally, a 1D velocity model of the crustal structure of the Italian territory. 

As far as the first goal, for each seismic section we hand picked the P wave arrival times, calculated the error associated with each arrival time and, from an inversion procedure on each time-offset function, the 1-D velocity model.

In particular, we analysed 419 Deep Seismic Sounding (DSS) and Wide Angle Reflection/Refraction (WARR) sections, related to the vertical components recorded during the following projects: Sicilia 72, Etna 77, Sicilia 80, Sicilia 84, Puglia 72, Calabria 70, Calabria 72, Calabria 79, Tirreno 71, Appennini 74, Toscana 78, Bolsena, DSS79-80, Crop03, Umbria 81-84, Btp 91, Sardegna 82, Ecors 85, Ecors 87, Alp 75, Friuli 78, Sudalp 77, Appennini 83-85, EGT 83, EGT 86, Appennini 87, Bardi 87, Lisa, Cropmare 94, Tomoves 94 and Tomoves 96.

1900 arrival time estimates, out of 11820 recorded, refer to fan acquisition geometry. The P wave arrival times picking and error estimates have been hand made from a Matlab algorithm. 

The picking procedure is based on the analysis of three functions: the modulus of the Hilbert transform of each seismogram
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 and the signal itself.  The onset time for each seismogram has been independently identified using the three functions, and the arrival time is the average of the three values. The arrival time estimates are mostly associated to Pg, Pi, Pn phases, referred to diving waves travelling in the upper crust, lower crust and upper mantle, respectively. 
We calculated a 1-D velocity model for each time-offset curve correlated on the profile sections. In fact, the depth-velocity functions have been determined using three different methods assuming a linear velocity gradient, a depth-dependent velocity gradient and a layered velocity model, respectively.  The use of three methods allowed us to evaluate the reliability of the solution through the comparison between the estimated models. These models can be used as starting models for further local or regional earthquake tomographic inversions.

The first deliverable of the analysis is the parametric database constructed using MS Access, available on the net at http://gndt.ingv.it/Att_scient/Attivita/progetti_GNDT.htm, where arrival times, error estimates, depth-velocity 1D functions for each profile and general characteristics of the acquisition campaigns are reported. 

The second goal reached within the project by UR2 is the determination of a reference 1-D velocity model for the Italian territory from the analysis of the depth-velocity functions derived for each profile. We adopted the following strategy:

· extraction of the depth-velocity functions for each profile (we used the depth dependent velocity gradient models)

· linear interpolation of the depth-velocity functions using a constant depth interval

· selection of the depth-velocity functions whose maximum depth is greater then a prefixed value (we chose 40 km depth)

· determination of the average depth-velocity function and its standard deviation

We effectively followed this strategy to obtain an average depth-velocity function for Italy and its standard deviation within
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(. 

The average model is obtained from the active seismic data alone and thus, in our view, it is the most reliable model for shallow crustal structures with respect to models obtained from the inversion of local earthquakes. We compared our results with available 1D velocity models used either for earthquake location or for tomographic studies. Our 1D model represents a good estimate of the depth distribution of velocity for Italy and thus can be useful for future joint tomographic inversions with active and passive data (Task 2.3). Results of UR2 in the framework of the project, here only outlined, are in press on Annals of Geophysics. 

Task 2.3 – Three-dimensional velocity models

Task leader: C. Chiarabba, INGV, Roma

P-wave arrivals from the new instrumental catalogue of seismicity (Task 2.1) have been used to compute a detailed 3-D velocity model of the crust (2 layers at 8 and 22 km depth) and uppermost mantle (4 layers at 38, 52, 66, 80 km depth) of Italy and surrounding regions. The inversion of more than 400,000 P-wave phases at more than 700 seismic stations allows us to achieve a resolution of objects as large as 15-30 km in the lithosphere and asthenosphere.  

Synthetic tests have been used to verify the model reliability and to assess the resolution of tomographic images. The main anomalies describe the lithospheric structure of the Alps and the Apennines, revealing wide low Vp anomaly crustal roots, and a low Vp asthenospheric wedge beneath the Tyrrhenian sea and western peninsular Italy. The geometry and limits of the Adria high Vp lithosphere and of the subducting slabs is well revealed by tomography. Velocity sections across the Alps and Apennines structure allow us to infer original insights on the structure and the geodynamic evolution of the region.

Beside the tomographic inversions, in the framework of this task we create an on-line database of waveforms of the Italian National Seismic Network. Presently, hypocentral parameters and digital waveforms of all the earthquakes recorded since 1988 can be downloaded from the web site www.waves.ingv.it.

From this catalogue, a new set of refined P-wave arrivals has been constructed for about 20,000 earthquakes with an automatic procedure, well tuned and weighted for the INGV permanent network data. The new arrivals allow us to improve the resolution of the deep structure and to better constrain velocity models, hypocentral parameters and focal mechanisms.  

The Moho Map and the integrated 3d Vp velocity model

An up to date high resolution map of the Moho discontinuity and a smooth 3D velocity model for the Italian region have been determined integrating weighted data derived from Controlled Source Seismology (DSS, NVR and WAR, see Task 2.2), receiver function results and LET (Local Earthquakes Tomography) studies. We used the method developed by Waldhauser et al. (1998) to model the Moho geometry beneath Italy enhancing the presence and relative position of the Adriatic, Tyrrhenian and European Moho (figure 2.3.1). 
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Figure 2.3.1. Updated map of Moho depth beneath Italy from DSS, NVR, WARR active data, receiver function studies, tomography results.

Task 3.1: Regional Ground Motion Scaling

Task leader: L. Malagnini, INGV, Roma

On the ground of simple tectonic/geologic considerations, but also keeping in mind the distribution of high quality digital seismic network on the Italian territories, at the beginning of this project we formulated a regionalization of the Italian region into sub “homogeneous” areas from the point of view of crustal wave propagation. For each sub region the characteristics of excitation and regional propagation of seismic waves were investigated using recordings from the background seismicity. 

We compiled very large data sets of digital recordings of ground velocity and ground acceleration, corrected for the instrument response and stored in SAC format (ground velocity in m/s). Whenever possible, strong-ground motion accelerograms from large events were also collected and made part of the datasets. Datasets typically contain several thousand waveforms, and in many cases tens of thousands. 

For each region, a separate study was carried out. The Apennines, which were initially described as a “homogeneous” region, was subsequently subdivided into smaller sub regions, as is described in the following paragraph. The “homogeneous regions are the following:

1. the Apennines: at the very beginning of this project a single study was performed for the entire mountain belt (the database was the collection of three individual sets of seismograms from three transects installed within the EU project “GeoModAp” between 1994 and 1996. As new digital data became available, a subdivision of the Apennines into homogeneous sub regions was performed: Northern Apennines (Garfagnana-Lunigiana, data base from the seismic network run by the University of Genova); Central Apennines: Abruzzo seismic network, run by the Servizio Sismico Nazionale and portable networks deployed by INGV; MedNet instruments yielded data from the strongest events; 

2. Northwestern Italy, seismometric database collected by the Regional Digital Seismic Network of Northwestern Italy, run by University of Genova; MedNet station BNI yielded waveforms for the strongest events;

3. Northeastern Italy, seismometric database collected by the CRS-INOGS Seismic Network in Friuli-Venezia Giulia; this database was integrated with all the available strong-motion records from the seismic sequence of 1976-1977 (Mw 6.5 was the largest magnitude included); MedNet station TRI yielded the recordings of recent large earthquakes;

4. Eastern Sicily, database collected by the former Poseidon seismic network, presently run by INGV; the database was integrated by waveforms recorded by some stations of MedNet.
For each region we produced tables of parameters to define the excitation/attenuation of the ground motion (to describe the functional form of the geometrical spreading function and of the crustal attenuation parameter Q(f). Tables of peak ground motion (PGA) used for the compilation of the national hazard map (see Task 1.2.1) were also produced. Similar tables were computed for a number of quantities of engineering interest (PGA, PGV, PSA, PSV).

The predicted goals included the ground motion scaling of the Southern Apennines. No suitable digital datasets were available until now, so we could not achieve this goal. During the last three years we developed the technique initially used by Malagnini et al. (2000), and the paper by Malagnini et al. (2002) describes the latest version of this methodology.

The goals set at the beginning of the project for this task have been generally achieved. Specifically, studies of ground motion scaling have been performed for the entire Northern Italy, and for the Northern and Central Apennines. Eastern Sicily has also been studied. The results of our efforts showed that large variations are to be expected in a structurally complex and tectonically active country like Italy. Taking into account this variability, the introduction of regionally-diversified attenuation functions for the prediction of ground motion in Italy is a major improvement in the common practice of seismic hazard assessment.
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Figure 3.1.1 - Comparison between a) peak ground acceleration (pga) predicted by regional attenuation relationships (Malagnini et al., 2000; 2002, Morasca et al., 2003) for M=5.0 and M=7.0 (solid line) with the empirical regressions by Ambraseys et al. (1996) (dotted curves) and Sabetta and Pugliese (1996) (dashed curves), b ) 1-Hz Spectral acceleration (Sa) predicted by regional attenuation relationships (ref. as above) for M=5.0 and M=7.0 (solid line) with the results of the empirical regressions by Ambraseys et al. (1996) (light dotted curves) and Sabetta and Pugliese (1996) (dashed curves). 

Task 3.2 – Effects of local geology on predicted ground shaking

Task leader: A. Rovelli, INGV, Roma

The main purpose of Task 3.2 was to introduce the geology contribution in the seismic hazard evaluation at national scale. This was achieved 

A. by including the effect of surface geology at the scale 1:500,000 into the hazard maps produced by other Tasks;

B. by collecting information on the buildings distribution over the different lithological formations of the 8103 Italian Municipalities.

A. The outcropping formations of the 1:500,000 Italian geological map have been grouped into the three classes A, B, C according to the EuroCode8 provisions after Draft 4 of December 2001 (EC8). For the classification we have followed lithological and age criteria as described by the report of the 2nd year of activity of Task3.2 where we presented the geological-class map (GCM). 

We assume that the effect of local geology on ground motion is the one described by variation of elastic response spectra prescribed by EC8. This variation is controlled by the four parameters S, Tb, Tc, Td that depend on the soil classes and earthquake magnitude: we have adopted the values proposed for M>5.5, Type1 spectrum. We then computed a correction factor for different hazard parameters (PGA, PSA, Housner intensity, etc.) using the soil classification of the national territory (Figure 1 and Table 1). The correction is applied to the final hazard maps provided by the other Tasks. 

For a critical evaluation of the proposed approach, we have checked the occurrence of a systematic increment of macroseismic intensity as a function of the geological classes at a national scale. 

We analyzed the largest earthquakes occurred in Italy during the XX century for which we computed the intensity residuals as the difference between the observed values of intensity>IV and the best fit polynomial surface of 2nd degree. The intensity anomalies of different earthquakes were averaged for the municipalities where more than one earthquake was felt. The comparison with the GCM shows that for some areas there is a correspondence between macroseismic anomalies and soil class B and C. However, it cannot be considered as a univocal correspondence. There are many factors that can explain it: the intensity estimates are not uniformly distributed over the territory and are affected by the building vulnerability; the GCM has not enough detail to show the potential amplifying lithologies at local scale; the site effects are not due to the impedance contrasts only.  

A further test has been performed to compare the increment factors of Table 1 to those deriving from a numerical simulation of the Città di Castello (Central Italy) basin where many geological and seismological data are available. We generated bedrock synthetic accelerograms whose elastic response spectrum mimics the EC8 spectral shape anchored to the PGA value prescribed by the national hazard map. The synthetic accelerograms were used as vertically incident input to simulate the SH-wave response of the 2D basin with a finite-difference code. The mean increment of the hazard parameters along the profile is compared with that expected for the outcrop soils of class B and C. The computed Housner intensity and PGA variation is greater than values listed in Table 1 by a factor of 1.8 and 1.5, respectively. The small difference partially accounts for the absence of nonlinear effects in our simulation. Moreover, the EC8 values come from an average over many different geological settings and geometries whereas this simulation reflects a specific velocity structure.

B. We built an Access database of geological and geotechnical information of the Italian municipalities with the main purpose of estimating the percentage of buildings built on the three classes A, B and C (see Report of the 2nd year of activity, Task3.2). 1953 out of 8103 forms (paper or online) were collected and the organized data allowed a preliminary elaboration. 43% of analyzed municipalities has more than 60% of urbanized territory on class C. We compared this result with the soil-class distribution on 4 areas representing a large number of Italian municipalities. The analysis of the GCM does not show the same percentage of soil classes, and in particular the soft soil is less represented. This should not be merely interpreted as a lack of  detail of the GCM, rather as due to buildings concentrated on the smaller soft part of the territory. We cannot exclude, moreover, that municipalities reported buildings on manmade infillings not shown in the GCM. 

Main products of this Task are:

1. National geologic map at 1:500,000 scale modified according to the EC8 soil classes (geological-class map, GCM) 

2. Map of the geology-dependent corrections of hazard parameters 

3. Database of geological and geotechnical information of the Italian municipalities
	class
	Housner intensity
	PGA
	PSA (0.3s)
	PSA (1s)
	PSA (3s)

	A-rock
	1.0
	1.0
	1.0
	1.0
	1.0

	B-stiff
	1.31
	1.2
	1.2
	1.5
	1.5

	C-soft
	1.51
	1.15
	1.15
	1.725
	1.725
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Task 3.3 Hazard associated to tsunamis (responsible: Alessandra Maramai)

Task leader: A. Maramai, INGV Roma

Catalogue of Italian Tsunamis

An accurate revision of the Italian tsunamis has been performed, mostly focusing on 34 cases occurred in the last two centuries along the Italian coasts that were included in the Caputo and Faita (1984) catalogue, but that were not included in the Tinti and Maramai (1996) catalogue, due to the lack of available historical evidence. Search for documents has been carried out in the most important national archives and libraries, with special attention devoted to newspapers and periodical libraries where more than 50 daily newspapers and journals, both with national and local coverage, have been analysed. This search resulted in the elimination of 32 out of the 34 examined events, and in the insertion of two new events. The new dataset contains 67 tsunami events in the period 69 BC – 2002.

Assessing tsunamigenic potential in the Messina Straits and in the surrounding seas

The sea region watering southern Calabria and eastern Sicily is the Italian area that is the most exposed to tsunami attacks, according to the most recent version of the catalogue of Italian tsunamis (Tinti et al., 2004). Assessing the tsunami potential in this region is the main goal of this study. This has been performed subjected to some restrictions that are listed here below. First of all, assessing is restricted only to tsunamis of direct seismic origin, namely to those events originating directly from sea floor dislocation, that are by far the most frequent occurrences in this region. Therefore, we outline that this study covers neither tsunamis occurring in association with volcanic eruptions, nor events caused by coastal or submarine mass failures. Further, it is noticed that slides can be triggered by the earthquakes themselves, and that also these events are excluded from the present analysis. Finally, it is observed that this study takes into account only local tsunamis, ruling out all the events that are generated in other Mediterranean regions, outside the examined area.

The present analysis aims at evaluating the expected frequency of occurrence of earthquakes capable of producing marine waves hitting at least one coastal segment within the area under study with waves having height exceeding an arbitrary prescribed threshold. The analysis provides the space distribution of such frequencies. It is conducted by combining statistical and deterministic methods. Statistical methods are applied to estimate the occurrence frequency of earthquakes. Deterministic relationships are used to compute the sea bottom dislocation, the tsunami height at the instant of its generation, and the wave amplification at the coast. 

The seismic data set used for the analysis has been the INGV seismic catalogue in a first stage, that was then updated through the second version of the Parametric Catalogue of Italian Earthquakes (CPTI2) recently published (2004). Eventually, a third data set was obtained only by changing the epicenter location of the 11th January 1693 tsunamigenic earthquake, according to the marine investigations by Argnani et al. (2002). These data sets will be distinctly denoted by INGV, CPTI2, ARGN.  The statistical analysis on the seismic data sets was performed by following and improving the approach originally devised by Tinti (1991). The area examined is comprised between the latitudes 36.5°-39.0° and the longitudes 13.5°-17.0°. The procedure consists of a number of steps: 1) assigning the magnitudes (where only intensity is known, magnitude is computed through magnitude-intensity relationships); 2) identifying main shocks (MS) and earthquake sequences (foreshocks (FS), aftershocks (AS)) ; 3) partitioning the catalogue into magnitude classes; 4) applying separate completeness analysis to the series of the main shocks per each magnitude class (this results in identifying the completeness period (CP)); 5) computing the CP annual occurrence rate for each magnitude class by taking into account all earthquakes (MS, FS and AS); 6) estimating the parameters AR and BR of the Gutenberg-Richter (GR) law truncated on the large-magnitude side (the maximum possible magnitude is taken to be the largest magnitude found in the catalogue increased by 0.5) from the sets of the annual occurrence rates. Steps 1-6 are applied to the seismic catalogue covering the whole region. Then the region is partitioned into 140 cells with size 0.25°x0.25° and a sequence of further steps are taken. These are: 7) computing the frequency maps resulting from the whole catalogue per each magnitude class (here all earthquakes, both of the complete and of the incomplete portions of the catalogues are taken into account, though with different weights); 8) computing the sets of the “experimental” annual rate of earthquakes for each cell and for each magnitude class; 9) estimating the cell parameters AC and BC of the GR law truncated on the large-magnitude side (the maximum possible magnitude is taken to be the largest magnitude found in the cell increased by 0.5). The procedure 1-9 enables us to perform estimates on the occurrence rate of earthquakes exceeding a given magnitude threshold on a cell basis,  by using the estimated parameters of the local GR law. 

Focal parameters of earthquakes are inferred from the magnitude values through Wells and Coppersmith (1994) as well as through Hanks and Kanamori (1979) empirical relationships. Hence, the cell frequency-magnitude distributions can be converted into frequency distributions for the focal parameters (e.g. fault length, fault width, slip, etc.), if some additional hypothesis is made on the seismogenic layer thickness. Given a focal mechanism, the co-seismic surface displacements are computed through Okada’s formulas (1992), which also provide the initial sea surface elevation for the portion of the crust lying under the sea. In our study the seismogenic zone is assumed to be between the Earth’surface and 16 km depth, the faults associated to the cells are taken to be centered in the cell centers and to be vertical (dip=90°) since this provides the maximum vertical displacement for a given fault slip. Further, for each cell of the region the maximum sea surface height produced by an earthquake of a given magnitude has been computed. Combining this result with the local GR distribution, the local distribution of initial tsunami heights is obtained. The bathymetry of the sea area separating the fault from a given piece of coast influences the tsunami propagation and the amplification of the waves at the coast. For each cell, the amplification of the tsunami has been computed by applying approximated amplification laws (Synolakis, 1987; Ward and Asphaug, 2003), and this provides local frequency distributions for the coastal height of the waves. These distributions are used to provide the tsunamigenic potential maps that are the final product of the study.  An example of such a map is given in Figure 3.3.1.
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Task 3.4 Time-dependent seismic hazard maps

Task leader: L. Peruzza, OGS, Trieste

The activities of this task have been focused on the optimization of probabilistic seismic hazard assessment technique to Italian data, with the introduction of simple and acceptable assumptions of dependency to the time of the last event.

The OGS U.R. (Peruzza, resp.) worked on these topics, with contributes of Politecnico (Garavaglia, resp.) and CNR-IMATI of Milan (Rotondi, resp.), operating as subcontractors. The cooperation with DIPTERIS (University of Genoa, Spallarossa, resp.), initially planned, did not act during the project; similarly two products/activities planned in the original project (namely the simulation of seismic cycles for the major structure, and the evaluation of related probability level) had been cancelled at the beginning of the project. 

Two main types of studies have been carried on. The first ones were focused on the proposition of a fully integrated seismic hazard model, where the individual earthquake sources recognised by geological and seismological studies could be combined with the information obtained by the national seismographic network; energetic constraints (Fig. 3.4.1) have been imposed, in order to derive fundamental input data not available yet (as for instance mean recurrence times of individual sources), and to check the weak elements of the model, or the reliability of the models themselves. The second type of studies had a more methodological character, being aimed to find a “reliable” distribution of inter-occurrence times in the frame of renewal processes in test areas. These analyses are devoted to define a level of earthquake foresight variable at the time in which the prediction is done, and they prelude to seismic hazard studies based on interacting sources.

The first year of the project had been devoted to sensitivity studies in well constrained areas, and permitted to derive scale-laws and distribution model adequate to geological, well-constrained sources. During the second year we developed a global model where background seismicity and individual sources could coexist: uncertainties in data definition as well as in processing procedures have been taken into account by using a logic tree structure. Finally, during the third, last phase, we partially discarded the philosophy of multiple branches, in favour of the direct introduction of uncertainties into the seismicity models, whenever this choice can be a viable one. The data treatment and the computer codes developed during the project allow to prepare input data that can enter, for final computations, into well-known, widely accepted seismic hazard packages, without introducing a relevant bias, at least from the engineering point of view. Conversely, the methodological approach is new, at least at the national and European scale, as wide area seismogenic sources have been abandoned, in this study, and very updated techniques of time-dependent modelling have been applied to real cases, for the first time in Italy. The proposed analyses have a very sensible impact on hazard results, firstly for the choice of individual sources and background seismicity, secondly for the modelling of the time-dependency (Figs. 3.4.2, 3.4.3). For these reasons, we discarded from the present analyses the use of regionally-differentiated attenuation functions (Task 3.1), as well as site-effect contributions (Task 3.2), as they may mask the comprehension of the contribute of the source model alone. Additional analyses are needed too, to interface the contributions of the geodetic Task (1.3) with the global model here proposed. We believe the methodological process adopted here is a valuable basis for further analyses.

Seismic hazard time-dependent maps

Probabilistic seismic hazard maps at the national scale have been realised in both the hypotheses of poissonian or time-dependent seismicity: they refer to PGA at 90% probability level (not exceedance) in 10, 30 and 50 years (from 2003, in time-dependent models), to bedrock conditions only. The longest time period has been added to the others, initially planned, being the only one directly comparable with the existing products, and for this reason is here synthetically represented. Hazard parameter used is PGA (following Ambraseys et al., 1996), mapped in irregular classes, roughly corresponding to macroseismic intensities degrees (and therefore damage classes): this emphasises the local variations introduced by the source models, even if the mesh used in results is not particularly thin. Time dependency has been associated to individual sources alone, using the formulation of Brownian passage-time (BPT) distributions, one of the most appealing models appeared in the most recent literature. Individual sources derive from the “Database of Italy’s Seismogenic Sources for earthquakes M>5.5” released by Task 1.1 (DISS, v.2.0.516); the parameterization proposed by the authors has been used to simulate the bell-shaped contributes, accepting the hypothesis of characteristic earthquake model behaviour. Individual sources are treated in three levels, accordingly to the reliability of the data (60 geologically based sources; 109 well-constrained; 65 badly-constrained); an external constraint, given by a working hypothesis of balance of seismic moment rate (Fig. 3.4.1) derived from CPTI2, distributed to the project’ partners in March 2004) is necessary to fix parameters not available for most of the sources, such as the individual frequency of occurrences. Uncertainties, in terms of Mmax and Tmean, enter in the distribution functions (standard deviation of the Gaussian distribution of magnitude, alfa in BTP function), when available. While individual sources are forced to balance the seismic moment rate, background seismicity is modelled to keep fixed the seismicity rates; the 28,780 events of the instrumental seismic catalogue realized by Task 2.1 have been filtered (modification of Knopoff, 2000 procedure) to extract a list of independent events; a and b values of the G-R relations are derived on grids, upon which adjacent regular cell sources of background seismicity are modelled (poissonian G-R distribution till Mag = 5). Their contribution to the global hazard is relevant. Deep sources (8 in DISS, and earthquakes beyond 50km in the instrumental catalogue) have not been treated. 
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Fig. 3.4.1 – Annual seismic moment rate (dynecm/yr) referred to unit area (100 kmsq). Computation done using M>5.5 events from 1100 to 2002, in a 60 km distance from the represented nodes. The grid values on the left frame, transformed in slip rate, have been associated to individual sources of DISS, to compute mean recurrence time of given Mmax. The right frame enhances nodes with possible seismic moment deficit: hazard results of this area may be strongly raised by accepting different hypothesis of seismic moment balance, defined on the basis of both seismic and geodetic analyses

Global results obtained are definitely higher than before, making the maximum values obtained without considering uncertainties in attenuation (sd) comparable to the range of maximum values with sd of previous analyses (Fig. 3.4.2). This effect is notable in poissonian maps too, and it is due to the abandoning of wide areal sources, that “dilutes” the seismicity. Time-dependency modifies the expected PGA enhancing regions where the time from the last event is comparable to the mean recurrence time of the source, while longer gaps tend to poissonian condition: recently active sources decrease the medium term hazard, a result not well discernible if data are aggregated in administrative units (Fig. 3.4.3).

Extended relation and computed values will be released during the summer. The maps may be an innovative tool to define priority of intervention at the national scale.
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Fig. 3.4.2 – Poissonian maps (first row) and Time dependent maps (second row) of the integrated seismic source model, referring to PGA at 90% probability of non exceedance in 50 years (next 50 years, from 2003). Ambraseys et al. (1996) attenuation relation used, without (left frame) or with (right) standard deviation.
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Fig. 3.4.3 –Variation of PGA results aggregating data on province borders: coloured classes of PGA can be regarded as macroseismic equivalent, according to the legends of the right frame.

Stocastic models for time-dependent hazard applied to test areas

Renewal processes (represented by unique or mixture distribution functions) and stress release models (of indipendent or interacting sources) have been explored and applied to test areas (Friuli, Irpinia, Arco Calabro, Stretto di Messina). Relations and papers documented this branch of methodological numerical analyses of probability distributions useful for representing time-dependent processes. The final studies of hazard rate function conditioned at t0 are based on data (catalogue and zonation) available in 2003.

4.1 The GIS of the project

Most of the data collected in the tasks have been integrated in a geographic database. The organization of such information in a GIS structure allows data management, storage, query and report facility via printing or web. Moreover, the GIS allows to establish a geographical relationship among the data layers contained in the database. The collected data are formatted to fit the architecture of a database server (Geoserver). The programs ARCIMS and ARCSDE allow the connection with the GEODATABASE, which is constantly upgraded by the work in progress of the different tasks. 
The developed Geographic Information System has been organized on two different scales. The main one is relative to whole Italy, collecting up to date information regarding topographic data (digital elevation model 250 m pixel size), administrative boundaries, geographic elements, seismological data (historical catalogues, the earthquake catalogue 1981-2002 (Task 2.1), fault parameters of DISS (Task 1.1), available fault plane solutions and stress directions). We integrate the database with the geologic map with soil class differentiation and with the slope map of Italy (Task 3.2). 

The second representation is at the regional scale, relative to the two “potential seismic gap areas”, namely Città di Castello and Melandro-Pergola-Val D’Agri-Vallo di Diano areas (Task 1.4). We report results from the different tasks together with topographic maps at different scales (from 20 m pixel size DEM to IGM 1:100.000 and 1:25.000 scale, and geologic maps of SGI 1:100.000 scale), as well as AGIP seismic profiles, Structural model of Italy), and remote sensing images (Spot, Landsat, SAR, aerial photos, etc.). 

Conclusions

Most of the goals declared at the beginning of the project have been achieved. The scientific production testifies for the work done during the three years of the project. The most original results regard the estimate of geodetic strain in Italy, the regional attenuation laws, the first attempt to quantify the effect of local geology on ground motion, and the integrated approach in potential “gap areas”. Nevertheless, we cannot hide the difficulties to integrate the individual results in the time dependent hazard map. In fact, at this stage we decided to discard the regional attenuation laws and the effect of local geology in the time dependent maps because their use could mask the dependency from the seismogenic model. 

Nevertheless, both regional attenuation laws and local geology have been used for sensitivity analysis of hazard maps from input parameters in conventional approaches. Part of this work has been carried on also in the framework of the ordinance PCM 3274, as described in the Introduction of this report. 
Finally, the integration of seismological, geodetic and geological studies allowed us to propose a comprehensive evaluation of the seismogenic potential in Italy. Results of this process, briefly outlined in section 3.4, will be presented in an extended document at the meeting with the “evaluation committee” at the end of September.
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Plates
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Plate 1.1 - Preliminary release of the Database of Potential Sources for Earthquakes Larger than M 5.5 (DISS 3.0). The geological sources are shown as yellow rectangles; the red hachured line represents the outermost compressional fronts of Alps and Apennines; the blue line represents the regional watershed. The inset table lists the new and the revised seismogenic sources along with the year of their associated earthquake. Notice that the last three sources are not associated with any historical earthquake thus representing possible “seismic gaps”.
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Plate 1.2. Seismic hazard maps (PGA with probability of exceedence of 10% in 50 years) computed with completeness intervals CO-03.8 (see report) and three sets of attenuation relations: 5) Ambraseys et al., 1996; 6) Sabetta and Pugliese, 1996; 7) regional laws, 2003 (task 3.1). Map no. 8 is obtained from the combination of the three. These results are among those presented in November 2003 after the OPCM no. 3274 of March 2003.
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Plate 1.3 – Examples of vertical displacements detected from two levelling lines across northern Apennines. The observed elevation changes (black dots) can be modelled with two different mechanisms of faulting (parameters for the two faults are reported below the figures). The seismicity 1981-2002 is also reported with red dots.
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Plate 4.1 - Perspective GIS view of recent crustal and deep seismicity in Italy (1981-2002)
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Plate 4.2 - Map (above) with recent and historical earthquakes and relative space-time plot along the Apennines (bottom): The historical earthquakes (1000-1980) and associated faults according to DISS are plotted as red dots and lines in the lower part of the graph, whereas recent seismicity (1981-2002) is shown in the upper part of the figure. This representation is useful to qualitatively identify regions with large or low moment released in the past centuries.
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Plate 4.2 – Another example of the GIS database: the horizontal stress directions from borehole breakouts, earthquake focal mechanisms and fault slip data.

�








Figure 3.3.1 - Tsunamigenic potential of eastern Sicily and Calabria based on ARGN dataset. Expected frequency over a time interval of 104 years of tsunamigenic earthquakes generated in each cell capable of producing coastal wave heights exceeding 1 m. The expected return period in the entire region is 89.5 years.
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