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Our results show that;
 - The time-dependent maps differ by about 50% from the time-independent maps  close to fault sources. 
 - From the traditional hazard maps we observed that the maximum PGA values  associated with 10% probability of exceedance 
in 50 years vary between 0.32 g and 0.36 g in the Messina Straits and the Cosenza area while the time dependent analysis under 
the BPT model yields hazard results significantly lower (the absolute variation of PGA being about 0.1-0.15g) especially in the southern 
Calabria. 
This difference becomes less pronounced considering the ∆CFF effect in the same area. 
 - However, we observed that a positive effect of ∆CFF is significant for several seismogenic sources in the southern Calabria. 
The static stress change becomes critical when the faults close to the source under consideration produced the last event before its 
latest characteristic earthquake. 
 - Using the maximum values of ∆CFF, we observed that the PGA values increase around 0.1 g respect to those obtained using a 
simple renewal (BPT) model. 
Although the percentage ratio between the seismic hazards computed using Poisson and renewal models is high (50%), the absolute 
PGA values are smaller in terms of the absolute difference in PGA being around 0.1-0.15 g along the southern Calabria seismogenic 
sources. The city of Cosenza and surrounding areas bear the highest seismic hazard with PGA around 0.4g in Calabria using both the 
time-dependent and time-independent models for the period of 2015-2065, this result is in agreement with previous study findings 
by Peruzza et al. (1997).
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In this study, we improve the knowledge on the seismotectonic framework of the Calabrian region
by using any available geologic, tectonic, paleoseismic, and macroseismic information in the literature. 
We construct a PSHA model based on the long-term recurrence behavior of seismogenic faults together 
with the spatial distribution of earthquakes observed in historic time (Akinci et al., 2009; Akinci, 2010). 
We derive the characteristic earthquake model for those sources that could rupture the entire fault 
segment (full-rupture) independently with a single maximum magnitude. However, the floating rupture 
model is applied to those earthquakes whose location is not known with sufficient precision and 
correlated to  longer fault  systems, assuming that any of those earthquakes can rupture anywhere 
inside that zone (floating partial-rupture) with uniform probability. 

In order to express the time dependence of the seismic processes to predict the future ground motions 
in the region, we use a Brownian Passage Time (BPT) model characterized by a mean recurrence, 
aperiodicity, or uncertainty in the recurrence distribution and elapsed time since the last earthquake 
(Akinci et al., 2010). Besides, we consider a physical parameter of the static Coulomb stress change 
(∆CFF) due to the fault interaction from earthquakes that influence the probability of earthquake 
occurrence and adopt a model built on the fusion of BPT model (BPT+∆CFF). 
We present our results for both time-dependent and Poisson models in terms of maps of Peak Ground 
Acceleration (PGA) for 10% probability of exceedance in 50 yrs in Calabria through a logic tree approach. 

The hazard may increase by more than 20% or decrease by as much as 50% depending on the different 
occurrence model. Seismic hazard in terms of PGA decreases about 20% in the Messina Strait, where a 
recent major earthquake took place, with respect to traditional time-independent estimates. PGA near 
the city of Cosenza reaches ~0.36 g for the time-independent model and 0.40g for the case of the 
time-dependent one (i.e. a 15 % increase). Both the time-dependent and time-independent models for 
the period of 2015-2065 demonstrate that the city of Cosenza and surrounding areas bear the highest 
seismic hazard in Calabria.

Resultant maps of PGA (g%) that has 10% chance being exceeded within 50 years in the Calabria region. Results are presented for three different earthquake occurrence probability models; 
a) Time-independent (Poisson); b) Time-dependent BPT; c) Time-dependent BPT+∆CFF seismic hazard derived from both the gridded seismicity and the fault-based information using the 50th 
percentiles occurrence probability of the characteristic earthquakes (M>5.5) in the Calabria region. The four adapted Gmpes of the Next Generation Attenuation Models project, 
Boore and Atkinson (2008); the second derives from the Europe and Middle east GMPE model of Akkar and Bommer (2010); the third is the Italian GMPE model of 
Bindi et al. (2011); and the fourth is a global model, although mainly based on the Japanese data of Cauzzi and Faccioli (2008). In the case of the deep earthquakes 
we adopted only one GMPE derived by Lin and Lee (2008). 

Shallow Crustal Events  Deep Events  Fault-Based Dataset

Time-independent (Poisson) Time-dependent (BPT) Time-dependent (BPT + ∆CFF)

List of the earthquakes of M>5.5 falling in the study area 
and associated to one or more of the different types of 
seismogenic sources. The Rank column is a way to establish
 how confident can be the association, and it is based on the
overall knowledge of the earthquake. A description of the 
ranking method is given in Table ESM. Earthquakes are
 from the CPTI11 Catalogue (Rovida et al., 2011).
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The maximum value of the slip is defined through the relation:

Where µ is the shear modulus of the elastic medium, 
W and L the dimensions of the causative fault (width and length, respectively) and 
M0 is the seismic moment derived from the Kanamori and Anderson (1975) relation.
The effect of ∆CFF on the probability of future characteristic earthquakes 
assumes that the time elapsed since the previous earthquake is modified from 
t to t’ by a shift, ∆t, proportional to ∆CFF, that is

Where the tectonic stressing rate (τ) is assumed unchanged 
by the stress perturbation, estimated from the segment slip
 rate (V) and the area of the earthquake source (Console et al.,2008) as

Where V is the long-term slip rate in meters per year, 
and A is rupture area.
___________________________________________________________

Incorporating the static stress changes
The cumulative stress change ∆CFF is computed by adding the contributions from 
all the other sources that have ruptured after the latest known earthquake on a 
given segment. The computation is carried out all over the source area for each 
node of a dense rectangular grid (2x2 km). The methodology adopted is described 
in detail by Console et al. (2013). The algorithm for ∆CFF calculations assumes an 
Earth model with a half space characterized by uniform elastic properties. 
Considering the absence of direct information about the slip distribution for the 
causative earthquakes, in this study we have assumed for all of them a distribution 
consistent with a uniform stress drop (equal to 3.0 MPa) on the rectangle of the 
segment fault. We have calculated the slip distribution that satisfies the condition 
of zero slip on the edge and maximum at the center on the rectangle of the 
causative source (Console and Catalli, 2006).
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Seismotectonic framework of the study area. Legend: 1- isobaths of the subduction; 2-plate motion from Nuvel 1A; 3- historical earthquakes from CPTI 11 catalog 
(Rovida et al., 2011); 4- instrumental seismicity with depth h >30 km from CSI 1.1 (Castello et al., 2006), M is the moment magnitude; 5- minimum horizontal stress 
orientations from borehole breakouts, quality ranked, and from 6- earthquake focal mechanisms (NF= normal fault, SS= strike-slip, TF= thrust The seismogenic source 
model used in this study: Individual Sources (IS) in black; Composite Sources (CS) in purple; Debated Sources (DS) in blue; Exploratory Source (ES) in green. The IS 
and CS sources are from the Database DISS (DISS Working Group, 2015); the DS were parameterized and the ES were developed in this study. The historical 
earthquakes are shown as red squares and listed in Table 1.fault regime) after Montone et al., 2012. CS: Cosenza; CZ: Catanzaro; GT: Gioia Tauro; RC: Reggio Calabria.

Cumulative number of events per year versus magnitude historically 
observed in Calabria (CPTI11) (triangles) and the predicted rates from 
characteristic faults– floating earthquakes (solid lines). The predicted 
numbers of events are calculated using minimum (gray line) and 
maximum slip (black line) rates on the all faults. 

Probabilities of occurrence for a 50-year period of time (2015–2065)  for the seismogenic fault sources for both the Poisson and Time-
dependent (BPT and BPT+∆CFF) models. Uncertainties from a parameter are presented as a range between the 16th and 84th percentiles.

The absolute difference in PGA between the time-independent and –dependent fault based seismic hazard (probabilistic PGA having 10% probability 
of exceedance in the next 50 years starting from 2015);  a) Absolute PGA variation between PSHApo-PSHAbpt;  b) Absolute PGA variation between 
PSHApo-PSHAbptdcff;   c) Absolute PGA variation between PSHAbptdcff-PSHAbpt.
The relative percentage difference (perc) in PGA (g%) between a) the Poisson  and the BPT ; b) the Poisson and the BPT+∆CFF; c) the BPT+∆CFF and 
the BPT hazard models.
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Maps of a) Time-independent (Poisson) probabilistic PGA (g%) having 10% probability of exceedance in 50 years, derived from the gridded seismicity from shallow crustal events; b) from deep events; 
c) from the fault-based information using the 50th percentiles occurrence probability of the characteristic earthquakes (M>5.5) in the Calabria region. For earthquakes with magnitude below 
Mw5.5 and Mw3.16, the source model is that of the fixed shallow and deep smoothed seismicity, respectively. For earthquakes with magnitude Mw5.5 or greater, the source 
model is that of the seismogenic sources with characteristic and floating faults. We followed the basic methodology and used the computer codes implemented by the U.S. 
Geological Survey (USGS) to construct the U.S. National Seismic Hazard Maps (Petersen at al. 2007)

Occurrence probability on each Seismogenic Sources 
based on database developed in this study, over 50 years 
starting on January 1, 2015, according to Poisson, BPT and 
BPT + ∆CFF, considering the 16th, 50th and 84th percentile 
of Monte Carlo distribution. For each sources are also shown 
the Fault Kinematics (N for Normal, R for Reverse, ON for 
Oblique-Normal, OR for Oblique-Reverse and SS for 
Strike-Slip fault) and its mechanism, 
Time Elapsed, the Mean Recurrence Time which is computed 
considering the maximum slip rate and the ratio between 
the Time Elapsed and Recurrence Time. We used maximum 
geologic slip rates in which minimizes the misfit between 
the characteristic model rate of earthquakes calculated from 
the geologic slip rate and the historic rate of earthquakes 
from the earthquake catalog. 
The fault-based source model uses the dimensions and slip 
rates of mapped fault to develop magnitude–frequency 
estimates for characteristic earthquakes. In this study, the 
long-term slip rates are converted to the mean recurrence 
time in years (Tr) using the following equation;

we modeled potential future earthquakes that could rupture 
the entire fault segment (full-source rupture) with a single 
event over the Individual Sources. The rate of floating 
rupture for each earthquake is calculated dividing the 
length of the fault by the total length of the rupture 
zone.
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