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The importance of the seismogenic zonation definition has been focused in some sensitivity 
analysis (Rebez and Slejko, 2000; Barani et al., 2007) as the most influent parameters in a 
seismic hazard study according to the seismotectonic probabilism approach. The definition of 
the seismogenic sources is generally based on evidence coming from geology and seismicity. 
Usually, it is hard to find a direct relation between the two pieces of information since, in 
practice, it is anything but simple to identify tectonic structures with documented seismic 
activity. Frequently, geology identifies tectonic structures that were, and maybe still are, active. 
Seismicity depicts earthquakes scattered in broad areas, where many faults exist. In addiction, 
the geometry of the faults at depth is unknown and cannot be inferred from surface geology. 
For these reasons, a different way to establish a link between geology and seismicity is needed: 
the definition of a general kinematic framework. Seismotectonic regions with homogeneous 
behaviour are identified based on this kinematic framework. The definition of these regions 
leads to mapping seismogenic zones (SZs) that collect one fault, or alternatively, a homogeneous 
fault population with their associated earthquakes. 
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The zonation presented in this study was developed with the aim to be applied as a branch of 
the logic tree that will be used for the new Italian seismic hazard analysis (MPS16) according to 
the probabilistic approach originally proposed by Cornell (1968), using the Openquake software 
(Pagani et al., 2014). 

The Cornell’s approach (1968) is based on two hypotheses: 
1)	 earthquake occurrence intervals follow an exponential distribution (i.e., occurrences 

follow a Poisson process); 
2)	 magnitude is distributed exponentially according to the Gutenberg – Richter (GR) 

relation. 
A third hypothesis is that the seismicity is considered to be uniformly distributed inside 

seismic sources. 
The Cornell (1968) method needs the following input data: seismic source geometry, 

earthquake potential (which is defined in terms of average number of earthquakes per magnitude 
class, and maximum magnitude), and one or more ground motion prediction equations (GMPEs). 
Uncertainty quantification (McGuire, 1977) represents a crucial point in probabilistic seismic 
hazard analysis (PSHA). In fact, PSHA results are characterized by two kinds of uncertainties: 
aleatory variability and epistemic uncertainty (McGuire and Shedlock, 1981; Toro et al., 1997). 
The aleatory variability is related to the randomness of natural phenomena. The epistemic 
uncertainty is related to limited knowledge about the earthquake process. In practice, it is 
reflected in the choice of alternative mathematical models and parameter values used in the 
computations. The logic tree approach (Kulkarni et al., 1984; Coppersmith and Young, 1986) 
was proposed to treat the epistemic uncertainties affecting the various assumptions of a PSHA. It 
consists of a series of nodes and branches that collect all alternative assumptions, each of which 
is assigned a weighting factor that is representative of the relative likelihood of that assumption 
being correct. The models considered in the logic tree must be exhaustive (representing the 
scientific community opinions) and mutually exclusive. The sum of the probabilities (weights) 
associated with each path in the logic tree must be 1. The final weight of the final results of 
every path is equivalent to the product of the weights associated with each branch along the 
same path. 

The new SZs have been defined taking into account the available information on:
•	 epicentral distribution of earthquakes from the new historical catalogue CPTI15 (Rovida 

et al., 2016) and regional instrumental bulletins (Scafidi et al., 2015); 
•	 observed and/or estimated maximum magnitude;
•	 focal mechanisms [from European-Mediterranean RCMT catalogue by Pondrelli et al. 

(2011)];
•	 hypocentral depth;
•	 geometry, type and kinematics of potentially active or recent (Quaternary) structures 

identified on the basis of morphological and structural data and integrated with the sources 
from the database of the Italian seismogenic sources DISS 3.2.0 (��������������������  DISS Working Group��, 
2015) and the available literature.

In defining the zone boundaries, particular attention was paid to regional seismotectonic 
settings and seismic history in order to avoid excessive extrapolation of local features, which 
could lead to an underestimation of the hazard produced by more active local structures, and to 
an overestimation of the hazard related to less active sources. The seismotectonic conditions are 
considered homogeneous within each area. 

For each zone, it was proposed a failure mechanism defined by:
 •	geometry of the failure plane (strike and dip),
•	 fault kinematics (normal, reverse, strike-slip, or mixed),
•	 hypothesized hypocentral depth (range).
This new zonation is generally more detailed if compared to the current national one [ZS9: 

Meletti et al. (2008)]. When the difference between the new SZs and those of the ZS9 were 
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found negligible, in terms of geographical boundaries and seismotectonic characteristics, the 
ZS9 zones were retained.

For some zones, more failure mechanisms were considered possible; in such cases, various 
estimates of the percentage of occurrence have been assigned (depending on the information 
available). To cover the whole national territory the SHARE zonation (Giardini et al., 2013) 
was also adopted with its rates and Mmax values.

The main novelties of the proposed zonation are:
•	 a division of some very large ZS9 zones which, in the opinion of the authors, include 

seismogenic structures with different geometry and failure mechanisms;
•	 the introduction of new SZs including areas not considered seismogenic until now.
The new version of the Italian Parametric Catalogue CPTI15 (Catalogo Parametrico dei 

Terremoti Italiani) was used for the hazard computation (Fig. 1). ����������������������������   It represents a significant 
innovation with respect to the previous ones:

-	 the time coverage, extended from 2006 to the end of 2014;
-	 the associated macroseismic database [DBMI15: Locati et al. (2016)], completely 

updated;

Fig. 1 – In black the A1 zonation; in blue the Mmax macroareas; in pastel colour fill the completeness macroareas and 
the CPTI15 areal distribution.
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-	 the considered instrumental data, new and/or updated;
-	 the energy thresholds, lowered to intensity 5 or magnitude 4.0 (instead of 5-6 and 4.5, 

respectively);
-	 the determination of parameters from macroseismic data, based on a new calibration of 

the Boxer method (Gasperini et al., 1999);
-	 the instrumental magnitudes, resulting from new sets of data and new conversion 

relationships.
The catalogue covers almost the entire Italian territory together with some neighboring areas 

and seas. It collects 4584 earthquakes in the time period 1000-2014. 
Earthquake magnitude is expressed in terms of moment magnitude (Mw). For all earthquakes 

in the catalogue, the related uncertainty is provided. 
Originally, the CPTI15 catalogue includes foreshocks and aftershocks. Therefore, it should 

be deprived of dependent events in order to reflect the Poisson assumption underlying the 
seismicity process. This was achieved by using a table/map for the completeness/declustering 
of the catalogue provided by the CPTI15 working group (Fig. 2).

For the zonation presented here (A1: Rebez et al., 2016), a logic tree of six branches is 
considered (Fig. 2): three branches are considered to account for the epistemic uncertainty in 
the seismicity model and two branches are related to alternative Mmax values. Concerning the 
node relative to the seismicity model, one branch accounts for individual rates (I-R) while the 
remaining two use different approaches to compute the values of the GR coefficients (a and 
b-values): one uses the least mean square approach (GR-LS) and one adopts the Maximum 
Likelihood method of Weicher (1980) (GR-ML). Although the least-squares method is often 
used, it is not formally suitable since magnitude is not error free, cumulative event counts 
are not independent, and the error distribution of the number of earthquake occurrences does 
not follow a Gaussian distribution. The maximum likelihood method has been widely applied: 
Weichert (1980) proposed a general routine suitable also for different completeness periods of 
the earthquake catalogue. For these reasons a weight of 0.4 is applied to the ML branch and only 
0.2 to the LS one (Fig. 2). The maximum magnitude was evaluated for macro areas representing 
portions of the Italian territory and surroundings for which it is expected a homogeneous tectonic 
behaviour. It represents the magnitude value for which the rate of occurrence is considered 
negligible for 30-5000 year mean return periods. The data used for the maximum magnitude 
assessments are the historical seismic catalogue (CPTI15) and the composite seismogenic 
database (DISS 3.2.0). Mmax1 is equal to the highest magnitude observed or computed (from 

Fig. 2 – A1 zonation model: 
logic tree.
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the dimensions of the faults) for the zone, increased of its standard deviation. Mmax2 is assumed 
conservatively equal to Mmax1+0.3. A weight of 0.5 is applied to each branch.

To compute the preliminary hazard results, the Akkar et al. (2014) GMPE was applied, both 
using the Joyner-Boore and hypocentral distance versions.

A strict comparison with the values of the previous Italian seismic hazard map [MPS04: 
Gruppo di Lavoro MPS04 (2004); Stucchi et al. (���������������������������������������������       2011)], which is assumed as reference by the 
Italian building code, is not possible because the two maps use different earthquake catalogues 

Fig. 3 – PGA with a 475-year return period: a) original MPS04; b) A1 zonation (J&B distance, Akkar et al., 2014) ; c) 
A1 zonation (hypocentral distance, Akkar et al., 2014); d) original SHARE.
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and GMPEs as inputs. A comparison is possible in terms of areal distribution of the PGA values. 
The expected ground motion computed with this seismogenic zonation is much more articulated 
than that of MPS04 because of the more detailed zonation with narrower SZs, which sometimes 
concentrate the shaking. Conversely to MPS04 (Fig. 3a), where the largest hazard refers to the 
central-southern Apennines, the new maps show the largest hazard in the northern Apennines 
and in Friuli. An additional comparison has been established with the European seismic hazard 
map developed within the framework of the SHARE project (Giardini et al., 2013), where an 
articulated logic tree was considered for several parameters, among which zonation and GMPE 
(see Slejko et al., 2014). Differences between the two maps (compare Figs. 3b and 3d) can be 
observed in several sectors of the study region (e.g. the Friuli area in the north-eastern Italy). 
Also the areas with the largest PGA values differ slightly.
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