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Abstract 

 

We carry out a probabilistic seismic hazard assessment (PSHA) for Lesvos Island, in 

the northeastern Aegean Sea. Being the most populated island in the northern Aegean 

Sea and hosting the capital of the prefecture, its seismic potential has significant social-

economic meaning. For the seismic hazard estimation, the newest version of the R-

CRISIS module, which has high efficiency and flexibility in model selection, is used. We 

incorporate into the calculations eight (8) ground motion prediction equations 

(GMPEs). The measures used are peak ground acceleration, (PGA), peak ground 

velocity, (PGV), and spectral acceleration, (SA), at T=0.2 sec representative of the 

building stock. We calculate hazard curves for selected sites on the island, sampling the 

southern and northern parts: Mytilene, the capital, the village of Vrisa, Mithymna and 

Sigri. Hazard maps are also presented in terms of all three intensity measures, for a 

mean return period of 475 years (or 10% probability of exceedance in 50 years), 

assuming a Poisson process. Our results are comparable to the predictions of on-going 

EU hazard models, but higher than the provisions of the Greek Seismic Code. Finally, 

we perform disaggregation of hazard to depict the relative contribution of different 

earthquake sources and magnitudes to the results. 
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Περίληψη 

 

Πραγματοποιήσαμε μια πιθανολογική εκτίμηση της σεισμικής επικινδυνότητας (ΠΕΣΕ) 

για το νησί της Λέσβου. Όντας το νησί του Βορείου Αιγαίου Πελάγους με το μεγαλύτερο 

πληθυσμό και φιλοξενώντας την πρωτεύουσα του νομού, το σεισμικό του δυναμικό έχει 
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μεγάλη κοινωνικοοικονομική σημασία. Η νεώτερη έκδοση του λογισμικού R-CRISIS 

χρησιμοποιείται για την εκτίμηση της σεισμικής επικινδυνότητας. Ενσωματώνουμε οκτώ 

(8) εμπειρικές σχέσεις πρόβλεψης της ισχυρής σεισμικής κίνησης (GMPEs) στους 

υπολογισμούς. Οι παράμετροι που χρησιμοποιούμε είναι η μέγιστη εδαφική επιτάχυνση 

(PGA), η μέγιστη εδαφική ταχύτητα (PGV) και η φασματική επιτάχυνση (SA), για T = 0.2 

sec. Υπολογίζουμε καμπύλες σεισμικής επικινδυνότητας για επιλεγμένες θέσεις στο νησί: 

τη Μυτιλήνη, την πρωτεύουσα του νησιού, το χωριό της Βρίσας, πλησίον της 

νοτιοανατολικής ακτής, τη Μήθυμνα και το Σίγρι, στο δυτικό και νότιο τμήμα του νησιού, 

αντίστοιχα. Χάρτες σεισμικής επικινδυνότητας υπολογίζονται για τις τρεις παραμέτρους 

σεισμικής επικινδυνότητας, για μέση περίοδο επανάληψης 475 έτη (ή 10% πιθανότητα 

υπέρβασης στα 50 έτη), θεωρώντας κατανομή Poisson. Τα αποτελέσματά μας είναι 

συγκρίσιμα με αυτά πρόσφατων Ευρωπαϊκών προγραμμάτων, όμως η δική μας 

πιθανολογική εκτίμηση οδηγεί σε μεγαλύτερες τιμές σε σχέση με τις προβλέψεις του  

Ελληνικού Αντισεισμικού Κανονισμού (ΕΑΚ). Τέλος, τα αποτελέσματα απο-αθροίζονται 

ώστε να απεικονιστεί η σχετική συνεισφορά των διαφόρων σεισμικών πηγών και μεγεθών 

στα τελικά αποτελέσματα. 

 

Λέξεις κλειδιά: ΠΕΣΕ, Λέσβος, λογικό δένδρο, σεισμική επικινδυνότητα 

 

 

1. INTRODUCTION 

 

Lesvos Island is located in the northeastern Aegean Sea in a transtensional tectonic 

setting (Fig. 1), where the deformation is taken up by both normal and strike-slip 

faulting revealed by seismic (Taymaz et al., 1991; Kiratzi, 2018; Papadimitriou et al., 

2018) and geodetic studies (Reilinger et al., 1997; Kahle et al., 1998). The 

instrumentally recorded events are distributed mainly offshore, however fault activation 

on the island itself is clearly depicted by historical (pre-1911 for Greece) seismicity (red 

asterisks in Fig. 1). 

 

The most prominent tectonic feature onshore Lesvos Island is the Agia Paraskevi Fault 

Zone (APFZ), a right lateral strike-slip fault (Chatzipetros et al., 2013), that runs 

through its central part and the Edremit Fault Zone (EFZ), a normal fault bounding the 

northern shoreline of the homonymous trough (Fig. 1). The APF is associated with the 

occurrence of the 7 March 1867 M=7.0 earthquake, which destroyed the capital and 

other villages of Lesvos and caused 550 deaths. The EFZ was the source of the 6 

October 1944 M=6.9 earthquake, which caused severe damage mainly at Ayvacik 

(Papazachos and Papazachou, 2003). The most recent earthquake to affect Lesvos 
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Island is the 12 June 2017 M=6.3 event. Its epicenter was located offshore the 

southeastern coast of Lesvos and the most severe damage occurred at the village of 

Vrisa (Kiratzi, 2018; Papadimitriou et al., 2018; Mavroulis et al., 2019). 

 

 

Fig. 1: Seismicity, focal mechanisms and faults of the broader region of Lesvos Island. 

Historical (pre-1911) earthquakes (red asterisks, Papazachos and Papazachou, 2003) 

and instrumental background seismicity (grey circles; on-line catalogue at 

http://geophysics.geo.auth.gr/ss/station_index_en.html). The focal mechanisms (beach 

balls) are colored black for strike-slip and green for normal faulting. The active faults 

(red lines) are from the European Database of Seismogenic Faults (Basili et al.2013).   

 

Regarding the seismic hazard, according to the effective Greek Seismic Code (EAK, 

2003), Lesvos belongs to Zone II of 0.24 g design acceleration for a mean return period 

of 475 years (or 10% probability of exceedance in 50 years). Recent EU-projects, as for 

example SHARE (Giardini et al., 2013, 2014) and publications (Vamvakaris et al., 

2016; Tselentis and Danciu, 2010; Weatherill and Burton, 2010) indicate higher 

accelerations, compared to those of the Greek Code. The scope of the present work is 

to revisit the calculation of the seismic hazard of Lesvos, using updated seismic 

catalogues and suitable ground motion prediction equations (GMPEs), alongside a 

sensitivity analysis to identify the parameters that shape the hazard levels at selected 
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sites. Our intention is to compare the results with the provisions of the existing national 

code. In doing so, we selected to stay close to the source configuration used in the 

existing seismic hazard map of Greece. 

 

2. MATERIALS AND METHODS 

 

2.1. PSHA Methodology 

 

The seismic hazard at a specific site is usually expressed in terms of annual exceedance 

rates, v, of measures of ground motion (for example, of peak ground acceleration, 

PGA). For instance, v(a) is the number of earthquakes per year for which PGA is 

exceeded at a site of interest and its inverse is the mean return period in years (Ordaz 

and Reyes, 1999). Assuming a Poisson (i.e. memoryless) process, the probability that, 

a, will exceed a specified value a*, in a given time duration, t, is given by the 

expression: 

                                        (1) 

Using Eq. 1 for varying levels of a, one can construct hazard curves which depict the 

probability of exceedance for the selected a values, during a specified time duration, t. 

One-way to estimate v(a*) is by counting the times for which the value a* has been 

exceeded. This is called the empirical estimation. Given that the observation time is 

frequently not long enough for a reliable estimation and because accelerometric data 

exist only for a few sites, an indirect estimation of v (a) is carried out. 

 

For the indirect estimation of v(a), the former is alternately expressed using the total 

probability theorem as (Cornell, 1968, 1971; Esteva, 1970; McGuire, 2004; Tselentis 

and Danciu, 2010):  

             (2) 

where, for a seismic source, i, λ(mi≥mmin) is the annual number of earthquakes, above a 

certain threshold magnitude, mmin, selected to have engineering significance; P(a>a*) is 

the probability that for a given pair of magnitude, Mi and distance, Ri from the source, 

PGA exceeds the value a*; fM (m)i is the probability density function of the magnitude 

m, and fR (r)i is the probability density function of distance resulting from spatial 

integration (subdividing the sources). 

 

The procedure described by Eq. 2, sums up all possible magnitude-distance pairs 

associated with all potential hazardous seismic sources. This differentiates probabilistic 
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seismic hazard assessment (PSHA) from deterministic (DSHA); where in the 

conventional form of the latter, seismic hazard is expressed through a controlling 

earthquake (i.e. the earthquake that is expected to produce the strongest level of 

shaking). Nevertheless, past events can also be used sometimes as “scenario” 

earthquakes in DHSA.  

 

The PSHA methodology used here follows four steps, common in similar studies 

(Reiter, 1990): 1) Identifying seismic sources; 2) Assigning a recurrence earthquake 

model to each one of them; 3) Assigning a GMPE, which converts seismicity data into 

strong ground motion data; 4) Calculating seismic hazard using Eq. 2. The steps 1 and 

2, related to this study, are described in section (2.2), while step 3, in (2.3). 

 

In the process of creating a model for the PSHA calculations, epistemic uncertainty 

arises (uncertainty associated with limited data knowledge). To handle this uncertainty 

the logic tree approach (Kulkarni et al., 1984) is often implemented. This approach 

allows capturing the epistemic uncertainties in different input models by employing 

alternative models in the hazard estimation, with weighting factors reflecting the degree 

of confidence in each of them (Bommer et al., 2005; Bommer and Scherbaum, 2008). 

This approach was used in this study regarding both source geometry and GMPEs.  

 

2.2. Seismic Sources 

 

As previously mentioned, the PSHA methodology requires creating a model that 

represents the potential hazardous seismic sources for the area of interest. These sources 

can be modelled as points, lines, areas, or even volumes depending on the available 

data, the nature of the source and the options that each software offers. In our 

calculations, we used the latest version of R-CRISIS (Ordaz et al., 2017; Ordaz and 

Salgado-Gálvez, 2017) which offers all the aforementioned options. Applications with 

earlier versions of the CRISIS code include the work of Stylianou et al., (2016) who 

examined the seismic hazard of North Aegean Trough and the surrounding lands. Here, 

we use the additional tools and options of the new R-CRISIS module, not yet fully 

utilized. We only focus on shallow events, because these are more hazardous to the 

island, also taking into account that the island is at a long distance from the location of 

the intermediate-depth earthquakes, along the Hellenic Subduction Zone. 

 

We considered two seismic source models in our calculations (Fig. 2): a) the faults 

proposed by Papazachos et al., (2001) (hereafter cited as PPZ01) and b) the seismic 

zones proposed by Papaioannou and Papazachos (2000) [PP00]. For the scope of the 
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present work, we chose this configuration, even though new data are available, 

(Giardini et al., 2013; Basili et al, 2013), because it was the one adopted in the Greek 

Seismic Code. However, we do employ newly developed ground motion prediction 

equations. 

 

 

Fig. 2: Seismic sources employed into the logic tree calculations. The orange polygons 

indicate the zones of Papaioannou and Papazachos (2000). Black polygons denote the 

fault sources as in Papazachos et al. (2001) and the bold black lines depict the trace of 

the upper edge of each fault plane. We calculate the seismic hazard at four sites (red 

dots) on Lesvos Island (Sigri, Vrisa, Mytilene and Mithymna). 

 

 

Concerning the PP00 model, we employed into the calculations the zones: 56, 57, 60, 

61, 62, 65 and 66, while regarding the PPZ01 model, the faults that are within or 

partially within these zones. As will be shown later, from the hazard disaggregation, 

these geographical limits, are more than enough for the hazard estimation for the four 

sites of interest, as more than 95% of the total probability of exceedance (for all 

magnitudes and for a mean return period of 475 years) is contained in the 0-60 km 

source to site distance range. No historical or instrumental event beyond these 

geographical limits has ever caused significant damage to the Island of Lesvos 

(Papazachos and Papazachou, 2003). The employed seismic sources are shown in Fig. 
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2 where the orange polygons indicate the zones used and the black bold lines represent 

the traces of the faults plane’s upper edges. 

 

A minimum magnitude, mmin, equal to M 5.0 was used in both source models. There 

are several reasons for this choice. Firstly, as discussed by Bommer and Crowley 

(2017), mmin, is an engineering rather than a seismological parameter and its choice is 

related to seismic risk and not seismic hazard. In addition, the majority of ground 

motion prediction equations (GMPEs) proposed for the Greek region have a lower 

bound of applicability ~ at M 5.0. The extrapolation of GMPEs should be avoided and 

it is questionable whether they should be used at the limits of their applicability range 

(Bommer et al., 2007). Finally, examining how sensitive the calculations are to the 

choice of mmin (Fig. 4), the differences found were insignificant.  

 

Regarding the PP00 model (orange polygons, Fig. 2), we used the fault plane solutions 

assigned to every seismogenic source by Moratto et al. (2007). Based on the dip of the 

P- and T- axes, we assigned a proper coefficient accounting for the type of faulting into 

the GMPEs (section 2.3). The strike of faulting was used to orientate the major axis of 

the assumed elliptical ruptures parallel to it. Concerning the aspect ratios (rupture 

width/rupture length) of the ellipses, we used the ones proposed by Kiratzi et al., (1985) 

which are 0.5 for normal faulting and 0.25 for strike-slip faulting. The rupture area, A, 

in relation to magnitude, M, was determined from the scaling relationships of 

Papazachos et al. (2004) applicable to Greece, which are: 

 

                              (3) 

 

The sources were also treated as leaky boundaries, meaning that the ruptures were 

allowed to extend beyond the source boundaries. A general uncertainty of 0.25 was 

used in the maximum magnitude, mmax (Papazachos et al., 1997). We adopted the 

maximum magnitudes, as listed in Papaioannou and Papazachos (2000), however, as 

they did not account for any uncertainty, a uniform probability distribution with a 

weight concentration equal to 1 at mmax was assigned. As for the focal depth of each 

zone, we followed the same approach used by Tselentis and Danciu (2010) and assigned 

a mean depth of 10 km to all sources. 
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The fault sources of the PPZ01 model (black polygons in Fig. 2) were modelled as 

rectangular faults. The b values assigned to them, are those proposed by Hatzidimitriou 

et al. (1994). The maximum magnitude of each source, as well as the fault’s width, were 

determined from the scaling relationships of Papazachos et al. (2004), which are: 

 

                                   (4) 

 

An uncertainty in mmax was again used, 0.24 for normal faults and 0.26 for strike-slip 

faults, both values resulting from the scaling relationship’s (σ) term. The sources were 

treated as strict boundaries, meaning that rupture areas were not allowed to extend 

outside the limits defined by the geometry of each source. For the rupture area, the 

relationships from Eq. 3 were used. A minimum magnitude of M 6.0 was assigned to 

the fault sources and in addition, a background seismicity model (Woessner et al., 

2015), for earthquakes not associated with a particular fault, with magnitudes 

5.0≤M≤5.9 was used. 

 

Both models were combined using a logic tree. The PPZ01 model, in which strong 

earthquakes (M≥6.0) can only occur on seismogenic faults, whereas smaller 

earthquakes (5.0≤M≤5.9) are scattered in the background seismicity zones, is more 

pragmatic. The PP00 model, where earthquakes with magnitudes 5.0≤M≤mmax have an 

equal probability to occur anywhere in the zone’s surface, is less. Based on test 

calculations and expert judgement, a 0.7 weight was assigned to PPZ01 model and a 

weight of 0.3 to the PP00 model. We also explored the sensitivity of the hazard curves 

to the weight combination used (see Fig. 6). 

 

2.3. Ground Motion Prediction Equations 

 

After the source geometry and the seismicity associated with each individual source are 

adopted and in order to calculate the intensity of the ground motion, suitable GMPEs 

were selected. Here we used GMPEs in terms of peak ground acceleration, (PGA), peak 

ground velocity, (PGV), and spectral acceleration, (SA) at T=0.2 sec, which is 

representative of the building stock of the sites of interest. The scatter associated with 

the GMPEs is incorporated into the calculations through probabilistic concepts. This is 
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done to handle aleatory variability (variability related to an apparent randomness in 

nature). In general, given a magnitude and a distance, intensity, a*, it is assumed to be 

a random variable with a given probability distribution (usually lognormal). The median 

predicted value of the GMPE is the 1st moment of the distribution, whereas the 2nd 

moment is the standard deviation of the natural logarithm. Through this, the term 

P(a>a*) from Eq. 1 is computed by integrating the probability density function 

resulting from a given magnitude and distance pair, from a* to ∞. 

 

R-CRISIS offers the option of a hybrid (or composite) attenuation model as an 

alternative for the logic tree approach, when the only difference between the models is 

the GMPE. When using the hybrid model, the seismic hazard intensity is treated as a 

hybrid random variable and not a lognormal one. This option offers a robust and 

straightforward way to incorporate GMPEs into the calculations without adding 

additional logic tree branches. 

 

Thus, we decided to use the option of a hybrid attenuation model, because it yields the 

same results, in terms of expected values, as the logic tree approach (Thomas et al., 

2010). Moreover, we adopted the default option and did not apply any truncation to the 

hazard intensity values. In general, in PSHA studies it is common practice to truncate 

the ground motion variability to a certain standard deviation, σ or intensity value. It has 

been shown (EPRI, 2006) that ground motion variability is consistent with a lognormal 

distribution up to at least 3σ (Abrahamson, 2006). In a number of our calculations using 

a single GMPE (see Fig. 9), we noticed a progressively minor increase in the 

exceedance probabilities when truncating to standard deviations greater than 3σ. This 

indicated that a truncation to 3σ would be sufficient to capture the aleatory variability. 

We propose further future investigation regarding the hybrid attenuation model and 

ground motion variability. 

 

The choice of GMPEs is a process of great importance and not a trivial task. For our 

selection, we initially reviewed the R-CRISIS library, which has a plethora of built-in 

equations. To distinguish between suitable candidates, we used the procedure suggested 

by Cotton et al., (2006) combined with expert judgment while also reviewing the 

selections made among different experts in peer reviewed literature (Giardini et al., 

2013; Giardini et al., 2014; Vamvakaris et al., 2016; Tselentis and Danciu, 2010; 

Weatherill and Burton, 2010). Against this background, we progressively rejected non-

suitable GMPEs until we were left with equations that meet our criteria (Fig. 3 and 

Table 1). 
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Table 1 - Information on the suite of GMPEs incorporated into the calculations with 

their associated weights (last column, shown in parentheses). The abbreviations used in 

the magnitude range and the weight scheme, are: SS=Strike-Slip, NM=Normal faults, 

RV=Reverse faults, [BS] =Background Seismicity. 

GMPEs Code Valid 

Magnitude 

Range 

Valid 

Distance 

Range 

(km) 

Type of 

Distance 

Metric 

σLN 

(PGA) 

Region Weight 

(in 

parenthesis) 

Abrahamson 

et al., (2014) 

(NGA-West 

2) 

AB14 3.0–8.5 0-300 Rrup Varying Worldwide 

PGA (1.5) 

SA (1) 

PGA [BS] (1) 

SA [BS] (1) 

Akkar and 

Bommer 

(2010) 
AK10 5.0–7.6 1-100 Rjb 0.643 

Europe 

and 

Middle 

East 

PGA (2.5) 

SA (2) 

PGA [BS] (2) 

SA [BS] (1.5) 

Boore et al., 

(2014) 

(NGA-West 

2) 

BO14 

3.0–8.5 (SS) 

3.0–8.5 

(RV) 

3.3–7.0 

(NM) 

0-400 Rjb Varying Worldwide 

PGA (1.5) 

SA (1) 

PGA [BS] (1) 

SA [BS] (1) 

Campbell 

and 

Bozorgnia 

(2014) (NGA-

West 2) 

CB14 

3.3–8.5 (SS) 

3.3–8.5 

(RV) 

3.3–7.0 

(NM) 

0-300 Rrup Varying Worldwide 

PGA (1.5) 

SA (1) 

PGA [BS] (1) 

SA [BS] (1) 

Chousianitis 

et al., (2018) 
CH18 4.0–8.0 1-200 Epicentral 0.656 Greece 

PGA (3) 

PGV (1) 

PGA [BS] (3) 

PGV [BS] (1) 

Danciu and 

Tselentis 

(2007) 

DT07 4.5–6.9 1-136 Epicentral 0.670 Greece 

PGV (1) 

PGA [BS] (3) 

SA [BS] (2) 

Segou and 

Voulgaris 

(2013) 

SV13 4.5–6.6 0-150 Epicentral 0.818 

Greece, 

Turkey, 

Iran 

PGV (1) 

PGA [BS] (3) 

SA [BS] (2) 

Skarlatoudis 

et al., (2003, 

2007) 

SK03 4.5–7.0 1-160 Epicentral 0.659 Greece 

PGV (1) 

PGA [BS] (3) 

PGV [BS] (1) 

 

 

We decided to include the GMPE of Akkar and Bommer (2010) (hereafter cited as 

AK10) because it was derived using data from Europe and Middle East. In addition, we 

included three GMPEs proposed in the NGA-West 2 database, namely the ones from 

Boore et al., (2014) [BO14], Abrahamson et al., (2014) [AB14] and Campbell and 

Bozorgnia (2014) [CB14]. The equation of Chiou and Youngs (2014) was not used 

because its median predicted values, as well as the results from the hazard calculations, 

were found almost equal with those of CB14. To decrease computational time and avoid 

further complexity into the logic tree input, CB14 was preferred due to the usage Rjb 

distance metric, which projects rupture area into the ground surface making focal depth 

a non-factor.  
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We later incorporated recent additional equations obtained using Greek data, namely 

those of Skarlatoudis et al., (2003; 2007) [SK03], Danciu and Tselentis (2007) [DT07], 

Segou and Voulgaris (2013) [SV13] and of Chousianitis et al., (2018) [CH18]. For the 

sake of completeness, it is worth mentioning pre-2003 equations, which were not used, 

based on our criteria. The first efforts for such empirical equations for shallow 

earthquakes in Greece were made by Theodulidis (1991) [TH91] and Theodulidis and 

Papazachos (1992) [TP92] based on strong motion data recorded in Greece and other 

worldwide regions with similar seismotectonic settings. A decade later Margaris et al., 

(2002) [MA02] derived updated equations based solely on Greek strong ground motion 

data. Additionally, another equation implemented in the Greek Seismic code is the one 

by Makropoulos and Burton (1985b) [MB85], which was derived by averaging eight 

models, available at that time.  

 

It is worth mentioning that MB85, TH91 and TP92 are based on the surface-wave 

magnitude, Ms instead of Mw, which is nowadays the preferable magnitude scale. Even 

though these two magnitudes are approximately equal for the range 6.0 to 8.0 

(Papazachos et al., 1997) and conversion relationships do exist, we refrained from 

inserting additional uncertainty in our calculations. Furthermore, MB85 does not report 

a sigma (σ) term and all the above-mentioned not used GMPEs do not sufficiently 

account for the soil characterization in comparison with the more recent equations. 

Considering the MA02 and SK03 equations, we determined that since they have a very 

similar functional form, the more recent derived SK03 equation partially superseded 

the former. In addition, MA02 does to account for faulting mechanism and for these 

reasons it was decided not to be included into the calculations. 

 

For the suite of GMPEs selected, the variation of the median predicted values in relation 

to epicentral distance is shown in Fig. 3 for a mean focal depth of 10 km, M 6.5, rock 

conditions and normal faulting. The calculation of the PGVs is not straightforward, 

because the built-in equations of R-CRISIS library are available only for the prediction 

of ground acceleration and not ground velocity. At the same time, their functional form 

is too complicated to manually insert and validate them into the software and outside 

the purpose of this study. For this reason, for the hazard estimation in regards to PGV, 

we used only the equations estimated using Greek data. Keep in mind that regarding 

PGV, extrapolation does happen during the calculations since the GMPEs incorporated 

have a narrow applicability range. 

 

The weights assigned to each GMPE (Table 1) were based on expert judgment 

following the recommendations of the Senior Seismic Hazard Analysis Committee 
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(Budnitz et al., 1997). However, it must be noted that even with these general guidelines 

regarding expert judgment, a straightforward quantitative approach is not obvious in 

the literature up to the present time. The weights adopted for the GMPEs were based 

on the following criteria: a) The usage of data from Greece and adjoining regions, in 

the regression procedure, b) the applicability range (extrapolation was avoided). From 

this perspective, the more suitable equation in regards to PGA was CH18. Having this 

in mind, this equation was found to predict the highest median values, as well as the 

highest exceedance probabilities in the hazard calculations (see Fig. 4). Concerning SA, 

the highest weight was assigned to AK10, while regarding PGV, equal weights were 

assigned among the GMPEs obtained using Greek data.  

 

 

Fig. 3: Variation of the median predicted value of PGA (left) PGV (centre) and SA (at 

T=0.2 sec) (right) in relation to epicentral distance, for M=6.5, rock conditions, normal 

faulting and a mean focal depth of 10 km according to the GMPEs used in this study. 

 

The relatively narrow applicability range of the GMPEs proposed for the Greek region 

is a limitation that needs to be considered in the hazard modelling process. For example, 

the SV13 equation has application in the range of M=4.5–M=6.6. The same applies for 

SK13 and DT07 (Table 1). For this reason, the aforementioned equations were not used 

in the PP00 model in terms of PGA and SA, since this model covers a wide range of 

earthquake sizes. They were also not considered suitable for the faults of the PPZ01 

model considering that mmax is for a number of cases beyond their upper applicability 

limit. Nevertheless, they were used in the background seismicity sources of the PPZ01 

model, which cover earthquake magnitudes in the range of 5.0≤M≤5.9. Οn the contrary, 

CH18 has applicability in the range M 4.0–M 8.0 which makes it a suitable candidate 

for all the sources of both models. 
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It is also worth mentioning that the different distance definitions used among the 

GMPEs have a significant impact in the hazard calculations. The GMPEs proposed for 

the Greek region solely use epicentral distance. A number of others use, Rjb (Joyner and 

Boore, 1981), the closest distance to the projection of the fault plane on the earth’s 

surface and Rrup, the distance closest to the rupture area. The Rjb and Rrup distances are 

arithmetically calculated for each magnitude bin through scaling relationships Eq. 3. 

Note that rupture dimensions and the depth of the sources are not taken into account 

when using epicentral distance, as the site to source distance is not affected in that case. 

 

3. RESULTS 

 

3.1. Hazard Curves 

 

The results of the seismic hazard assessment can be represented both in terms of hazard 

curves for specific sites, as well as spatially, in the form of maps, by calculating a hazard 

curve for a grid of points and then depicting the spatial variation of the intensity 

corresponding to a constant mean return period. First, we present in Fig. 4 the hazard 

curves in terms of PGA for the city of Mytilene, alongside the hazards curves that 

correspond to the Zone II (0.24 g) of the Greek Seismic Code and to the SHARE 

(arithmetic mean) project. The results were obtained using only the PP00 model and for 

each GMPE, separately. Significant variability can be observed between different 

GMPEs, suggesting that the calculations are sensitive to weight choice. 

 

As we already discussed no significant variation is observed when increasing mmin from 

4.0 to 5.0, as illustrated by the dashed curves that were obtained using the hybrid 

attenuation model. Note that the obtained hazard curves indicate higher exceedance 

probabilities in comparison with the corresponding curves from the SHARE program 

(Giardini et al. 2013, 2014) and the Greek Seismic Code. An important factor leading 

to this is the strike-slip (instead of normal) focal mechanism chosen for the zone (61) 

of Lesvos, which consistently increases the predicted values in GMPEs. This zone is 

dominated by the operation of the Agia Paraskevi Fault Zone, with a well-determined 

shear motion component (Chatzipetros et al., 2013). This is not the first time that higher 

seismic hazard levels have been calculated for Greek sites. In the framework of the 

SEAHELLARC project, the seismic hazard of the Pylos broader region in southern 

Peloponnese was examined, using the CRISIS code (SEAHELLARC Working Group, 

2010). In a number of their calculations, they also used the Papaioannou and 

Papazachos (2000) sources and their associated seismicity combined with the TP92 

GMPE. They found remarkably higher results for Pylos (0.56 g for a return period of 
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475 years) than those (0.143 g or 0.29 g) in the (at the time available) literature. They 

hypothesized that a fully probabilistic approach was not followed in the past and the 

aleatory uncertainty of the GMPE was not implemented in the calculations. As a test, 

we here used the same TP92 GMPE and we calculated the hazard curves for Mytilene 

with and without including the aleatory variability (Fig. 4). For a mean return period of 

475 years we calculated a PGA = 0.52 g for σ=0 and PGA=0.93 g when incorporating 

the σ term. These results also imply that aleatory variability is a major factor in the 

calculations and the way it was handled in the past may have played a role in shaping 

the lower acceleration value in the Greek Seismic code.  

 

 

Fig. 4: Hazard Curves for Mytilene (the capital of Lesvos Island) using the PP00 model 

and each GMPE separately. The results using the composite (hybrid) attenuation model 

are shown for three different mmin values (dashed curves), where no significant variation 

is observed. The hazard curve for the Zone II (0.24 g) of the Greek Seismic Code is 

depicted with the black line, alongside the hazard curve (arithmetic mean) from the 

SHARE program (orange line). The calculations resulting using the TP92 GMPE are 

also presented (see text for a detailed description). 

 

Subsequently, the PP00 and PPZ01 models were combined using the logic tree 

approach using a weight of 0.3 and 0.7, correspondingly. We chose four sites of interest 

(red dots in Fig. 2): Mytilene, the capital, the village of Vrisa, close to the southeastern 
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coast, Mithymna and Sigri, at the northwestern and southwestern part of the island, 

respectively. Fig. 5 summarizes the corresponding hazard curves along with the 

SHARE program results for these four examined sites (for PGA and SA) and the Zone 

II-0.24g (EAK, 2003) hazard curve (for PGA). We can observe that there is generally 

a good agreement of our results with the ones of the SHARE program, although ours 

appear slightly increased. The individual intensity values for a mean return period of 

475 for the selected sites on the island are presented in Table 2. Even though there is 

no significant variation between the four sites according to the SHARE program results, 

our results indicate that Mithymna and Vrisa present slightly higher values in 

comparison with Sigri and Mytilene. This is due to Vrisa and Mithymna being close to 

the Agia Paraskevi and the Edremit fault zones, respectively. Sigri and Mytilene are 

located at almost equal distances from the Agia Paraskevi fault and exhibit similar 

seismic hazard. 

 

 

Fig. 5: Hazard Curves for the four sites of interest (red dots in Fig. 2), in terms of PGA, 

PGV and SA (at T=0.2 sec). The corresponding results from the SHARE program can 

also be seen (dots), as well as the hazard curve from the Greek Code (black dashed line) 

Zone II (0.24 g). 

 

Table 2 - PSHA calculations for the four sites of interest and a mean return period of 

475 years. 

Mean Return 

Period=475 years 

PGA (g) PGV (cm/s) SA (0.2 sec) 

(g) 

Mytilene 0.44 34 0.94 

Vrisa 0.54 38 1.18 

Mithymna 0.53 40 1.14 

Sigri 0.42 30 0.93 
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While we chose the weights of the source models based on expert judgment, it is 

interesting to see the effect of different weight choice combinations. This is illustrated 

in Fig. 6 where it can be observed from the hazard curves of Mytilene, that the 

calculations are very sensitive to the weight choice. The PP00 model leads to higher 

seismic hazard estimation in comparison with PPZ01, thus increasing the weight in the 

former increases the results. In the same figure the resulting hazard curve using only 

the PPZ01 model branch is shown (dark red constant line), which resembles (in 

comparison with the rest) the curve from the Greek Seismic Code. 

 

 

Fig. 6: Hazard Curves for the city of Mytilene resulting from different weight choice 

combinations. It is noticeable that the calculations are sensitive to weigh choice. The 

corresponding curves from the Greek Seismic code (black line) and the SHARE 

program (purple line) are presented. The dark red line was obtained using only the 

PPZ01 model. 

 

3.2. Hazard Maps 

 

In Fig. 7 the hazard maps of the Lesvos Island for a mean return period of 475 years 

are presented. These resulted from a computation over a grid of points with origin’s 

coordinates: longitude 25.8º and latitude 38.9º. An increment of 0.08º was used for 12 

points along longitude and 8 along latitude. It is observed that, the Agia Paraskevi fault 

has a dominant effect in the central part of the island where PGA, SA and PGV values 
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are higher and as we move to the east or the west, lower values are observed. In the 

same figure, the calculated values for the four sites of interest are presented. Similar 

values are observed between Mithymna and Vrisa as well as between Mytilene and 

Sigri.  

 

The effect of different distance definitions in the GMPEs is also depicted. The GMPEs 

that have been used in terms of PGV are the most recent ones proposed for the Greek 

region (Table 1), which use epicentral distance. In the hazard maps, referring to this 

intensity value, we can see the potential earthquake focus is concentrated in the central 

part of the island, midway of the Agia Paraskevi fault’s trace, which is very steep (dip 

angle of 89). This is because the faults were treated as strict boundaries and the 

epicentres were only allowed in this specific part of the fault. At the same time, 

regarding PGA and SA, the different distance definitions used among the NGA-WEST 

2 and AK10 GMPEs result in equal intensity curves that have a different shape. 

 

 

Fig. 7 Hazard maps resulting from a computation over a grid of sites. The spatial 

variation of the intensity value that corresponds to a constant mean return period of 475 

years is presented. 

 

3.3. Disaggregation 

 

One of the extensions of PSHA is the hazard disaggregation (McGuire, 1995; Bazzurro 

and Cornell, 1999). We mentioned in section (2.1) that into the PSHA computations, 

all the possible magnitude and distance scenarios are aggregated into a single result. 

We can disaggregate all these scenarios into magnitude and distance bins and depict the 
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relative contribution of each one of them into the result. This is done for a single point 

of interest, in which a probability of exceedance in a given time period is chosen (which 

corresponds to a specific intensity level), or an intensity level directly. After this, the 

bins that correspond to this intensity level which were initially used to calculate the 

exceedance probability are presented into (usually) 3D diagrams. In addition, while 

disaggregating the results an epsilon (ε) value is chosen, which is the number of 

standard deviations from the median value. Thus, the term P (a>a*) is calculated by 

integrating the probability density function of the GMPE from a* to aε, instead of 

integrating from a* to ∞, where: 

                             (5) 

In this way, the percentage of exceedance probability contained in different areas (from 

a* to aε) of the GMPEs probability density function can be calculated. Because of the 

way uncertainty is being handled in the hybrid attenuation model, we decided that it is 

more appropriate to disaggregate the results using only the AK10 equation and the 

PPZ01 model. This GMPE was chosen mainly because it uses the Rjb distance that takes 

into account rupture geometry instead of the epicentral. At the same time, 

disaggregation of the PP00 model is of less interest, as earthquakes with magnitudes 

5.0≤M≤mmax have an equal probability to occur anywhere in the zone’s surface.  

 

In Table 3 the most probable scenarios to cause PGA greater than the value that 

corresponds to a mean return period of 475 is presented. An interesting remark is that 

the scenario that has the biggest contribution is in the magnitude range of M [6.3-6.7] 

for all four sites. For Mytilene and Sigri the highest contribution is in the same distance 

range R (km) [20-30], while in shorter distance ranges for Mithymna and Vrisa. 

 

Table 3 - PSHA calculations for the four sites of interest and a mean return period of 

475 years.  

 

 

 

 

 

 

 

 

 

Mean Return Period 

475 years 

Distance, R (km) Magnitude, M SA (0.2 sec) (g) 

Mytilene 20 – 30 6.3 – 6.7 0.94 

Vrisa 0 – 10 6.3 – 6.7 1.18 

Mithymna 10 – 20  6.3 – 6.7 1.14 

Sigri 20 - 30 6.3 – 6.7 0.93 
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In Fig. 8 the hazard disaggregation is summarized for a mean return period of 475 years 

for the four examined sites. The two axes on the horizontal plane represent magnitude 

and distance ranges, while the vertical axis represents the relative contribution to 

seismic hazard, in terms of PGA, as a percentage of the final probability of exceedance 

(10% in 50 years). It can be observed that Vrisa and Mithymna, being close to the Agia 

Paraskevi and Edremit faults, respectively, show elevated values in small distance bins, 

compared to Sigri and Mytilene. 

 

 

Fig. 8 Disaggregation charts depicting the relative contribution of different magnitude 

and distance ranges to the hazard. They refer to a mean return period of 475 years, the 

PPZ01 model, while using the GMPE of Akkar and Bommer (2010). A constant value 

of ε=5 was used. Note that for clarity a small percentage may be missing from the charts. 

 

 

Finally, the percentage of exceedance probability for different values of (ε), for a total 

0.1 probability of exceedance in 50 years can be seen in Fig. 9, for the four sites of 

interest. It can be observed that at least 50 % of the exceedance probability is between 

a* and a2 (where a* is the value that corresponds to a 10% probability of exceedance in 

50 years and a2 the predicted value for ε=2), whereas at least 95% between a* and a3 

(the predicted value for ε=3). This indicates that a truncation to a value higher than ε=3 
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would almost not affect the results at all for a 0.1 probability of exceedance in 50 years. 

This indicates that a truncation to a value higher than ε=3 would almost not affect the 

results at all for a 0.1 probability of exceedance in 50 years. 

 

 

Fig. 9 Percentage of exceedance probability (Total Exceedance Probability= 0.1 in 50 

years) for different values of (ε) (e.g. numbers of standard deviation from the median 

value) for the four sites of interest examined in this study. The PPZ01 seismic source 

model and the AK10 GMPE were used for the calculations. 

 

 

4. CONCLUSIONS 

 

We examined the seismic hazard of Lesvos Island, using the most updated modules of 

the R-CRISIS software, aiming to examine the variability captured by various 

appropriate GMPEs and seismic source models. The main conclusions can be 

summarized as: 

 

• The calculated seismic hazard for selected sites on the island is in accordance with 

the predictions of existing EU hazard models. 

• The calculations are found to be sensitive on weight choice in terms of both seismic 

sources (Fig. 6) and GMPEs (Fig. 5). 

• Further investigation is required, which will incorporate recent available data into 

PSHA software like R-CRISIS. The effect of weighting factors among the logic 

tree branches and the different parameter choices (e.g. the minimum magnitude) 

also needs to be investigated in detail through sensitivity analysis. In addition, the 
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incorporation of local site effects, which significantly amplify the expected values, 

is an issue of further research. 

• Almost the entire probability of exceedance, using a lognormal distribution for the 

GMPE’s probability density function is between a* and a3 (where a* is the value 

that corresponds to a 10% probability of exceedance in 50 years and a3 the predicted 

value for ε=3). This is an observation made using only the Akkar and Bommer 

(2010) GMPE due to software limitations. Further investigation is needed in order 

to draw a general conclusion. 

• We must note that significant uncertainties arise from poorly mapped off-shore 

faults and their unknown recurrence times, or known active faults for which the 

data is not yet sufficient to include them into PSHA calculations. 

• Finally, the performance of the available GMPEs for the broader Aegean Sea region 

is another issue for further investigation. To date the available choices in terms of 

spectral values are very limited. 
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