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Abstract This study examines the effect of the procedures used in three different probabilistic seismic
hazard analysis (PSHA) methods for estimating the rates of exceedance of ground motion. To evaluate the
effect of these procedures, the Cornell-McGuire and Parametric-Historic methods, and the method based
on Monte Carlo simulations are employed, and the seismic source model, based on spatially smoothed
seismicity, is used in the calculations. Two regions in Russia were selected for comparison, and seismic
hazard maps were prepared for return periods of 475 and 2475 years. The results indicate that the choice
of a particular method for conducting PSHA has relatively little effect on the hazard estimates. The
Cornell-McGuire method yielded the highest estimates, with the two other methods producing slightly
lower estimates. The variation among the results based on the three methods appeared to be virtually
independent of the return period. The variation in the results for the Sochi region was within 6%, and that
for the Kamchatka region was within 10%. Accordingly, the considered PSHA methods would provide
closely related results for areas of moderate seismic activity; however, the difference among the results
would apparently increase with increasing seismic activity.

Keywords Probabilistic seismic hazard analysis · The Cornell-McGuire method · The Parametric-
Historic method ·Monte Carlo simulations

1 Introduction

The probabilistic seismic hazard analysis (PSHA) methodology allows estimation of the probability that
various ground motion levels would be exceeded at a particular site during a specified time interval.
Such analysis should precede the construction of infrastructure facilities in seismically active regions. At
present, the Cornell-McGuire method (Cornell, 1968; McGuire, 1976; 1978) is applied most frequently
for PSHA. This method incorporates information on seismic source zones (in the form of active faults
or areal sources), frequency-magnitude distributions (e.g. the Gutenberg-Richter relation), and ground
motion prediction equations (GMPEs) to estimate seismic hazard at a particular site. In this method,
considerable attention is paid to the problem of accounting for various uncertainties (Budnitz et al., 1997),
by using probability distributions (aleatory variability) and logic trees (epistemic uncertainties).
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The initial step of the Cornell-McGuire method requires delineating the seismic sources, which are
characterised by uniform spatial distribution of seismicity and homogeneous seismic parameters. Over
time, it has become clear that the uniform distribution in many instances does not reflect the actual spa-
tial distribution of epicentres (e.g. Wiemer et al., 2009; Spada et al., 2011). Moreover, the process of
defining the source zones can be difficult and subjective, potentially leading to significant differences in
the resulting source geometries prepared by different groups of experts (e.g. McGuire, 1993; Frankel,
1995; Budnitz et al., 1997). In addition, the estimation of the seismic parameters in areas of relatively low
seismicity presents a substantial problem.

Such difficulties have stimulated the development of alternative methods that do not require the def-
inition of the seismic source zones. These methods include, e.g. the techniques of Milne and Davenport
(1969) and Veneziano et al. (1984) that are based entirely on the information from the seismic event
catalogues, the methods of Frankel (1995) and Woo (1996) that use the spatial smoothing of seismicity,
and the method of Kijko and Graham (1998; 1999) that combines the strong features of the previous
techniques. In addition, there are PSHA procedures based on the Monte Carlo simulations (e.g. Ebel and
Kafka, 1999; Musson, 2000; Shumilina et al., 2000; Assatourians and Atkinson, 2013).

In view of these different PSHA methods, the question is how the hazard estimates resulting from
these different methods corresponded. In large countries, such as Russia, where seismogenic provinces
differ significantly, different groups of experts often use different methods to analyse the seismic hazard
in their regions (e.g. Shumilina et al., 2000; Yemanov et al., 2007). In such instances, it is important to
know in what way the results of these analyses corresponded to each other.

Several studies have been devoted to this question, such as those by Molina et al. (2001), Beauval et al.
(2006), Hong et al. (2006), and Goda et al. (2013). These studies were primarily focused on investigating
the influences of different seismicity models on the estimated seismic hazard.

Molina et al. (2001) and Beauval et al. (2006) have compared the hazard estimates obtained with
the conventional zoning approach - the basis of the Cornell-McGuire method - with those obtained by
using the Kernel Smoothing method of Woo (1996). Using synthetic earthquake catalogues, Hong et al.
(2006) conducted a comparison of seismic hazard estimates based on the Cornell-McGuire method, the
Davenport-Milne method, and the Epicentral Cell method (an extension of the latter). Goda et al. (2013)
used synthetic earthquake data to evaluate the effects of different smoothing approaches by employing
the Cornell-McGuire, the Kernel Smoothing, and the Epicentral Cell methods.

The findings of these studies have demonstrated, among other things, that the assumption of a ho-
mogeneous activity rate within a seismic source zone is a poor representation of the true activity rate
(Molina et al., 2001). In addition, it was shown that the hazard estimates based on the conventional zon-
ing approach are generally higher than are those based on other approaches to seismic source modelling.

In addition to the differences of the applied seismic source models, the existing PSHA methods use
different procedures to estimate the rates of exceedance of ground motion. In contrast with previous
comparative studies, the current work is focused on investigating the effect of the procedures used in
the different PSHA methods to estimate the exceedance rates. Based on the same seismic source model,
three major PSHA methodologies are compared, namely, the conventional Cornell-McGuire method, the
Parametric-Historic method, and the method based on Monte Carlo simulations.

2 Materials and Methods

2.1 Earthquake catalogue

The main earthquake catalogue used in this study represents the entire territory of Eurasia, and the times-
pan is from ancient times to the end of 2011. These data were generously provided by Dr Nina Medvedeva
from the Schmidt Institute of Physics of the Earth of the Russian Academy of Sciences (http://ifz.ru). Dur-
ing the preparation of the catalogue, all dependent seismic events were removed by using the declustering

http://ifz.ru
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algorithm of Gardner and Knopoff (1974). The catalogue lists the date, epicentral coordinates, focal
depth, and the surface-wave magnitude Ms of each event, and, for some events, the focal intensity and the
azimuth of rupture propagation are available.

Two areas in Russia have been selected for investigation in this study, namely, the city of Sochi on
the Black Sea coast and surrounding area, and the Kamchatka Peninsula in far eastern Russia. Both these
areas are characterised by high seismic activity, with the seismicity of Sochi and surroundings being
characterised by crustal earthquakes and that of Kamchatka by subduction earthquakes. Moreover, the
characteristics of the radiation and propagation of seismic waves in these two areas differ substantially
(Pavlenko, 2011).

More recent (2012-2016) seismic data for the selected areas were obtained from the United States
Geological Survey (USGS) website (http://earthquake.usgs.gov/earthquakes/search/). The USGS data
mostly provide the body-wave magnitude mb. The same declustering algorithm (Gardner and Knopoff,
1974) was applied to these data to remove clusters and dependent seismic events. To obtain a homo-
geneous catalogue, magnitudes were converted to the moment magnitude scale Mw. Conversions were
performed, based on the regional relations, if available; otherwise, global relations were applied. There-
fore, small values of mb in the regional catalogue for the Sochi area were converted by using the relation
of Gasperini et al. (2013), which is based on the European-Mediterranean dataset. Conversions of both mb
and Ms for the Kamchatka Peninsula were performed by using the regional relations obtained by Gusev
(1991); outside of the applicability ranges of regional relations, global relations were used. The adopted
conversion scheme is shown in Table 1.

The resulting catalogue for the Sochi area contains 3958 earthquakes, with Mw from 3.0 to 8.1;
whereas, that for the Kamchatka Peninsula contains 10389 earthquakes, with Mw from 3.6 to 9.0. The
epicentres of these earthquakes are shown in Figs. 1 and 2. By using the cumulative plots of the num-
ber of seismic events as a function of time, the regional catalogues have been divided into sections, i.e.
those containing pre-instrumental historical records and those containing complete instrumental earth-
quake data. For each instrumental sub-catalogue, the magnitude of completeness Mc was estimated based
on the procedure proposed by Amorèse (2007).

2.2 Seismic source model

The seismic source model used in this study resembles the approach proposed by Frankel (1995) for
mapping seismic hazard in the United States (e.g. Frankel et al., 2002; Petersen et al., 2014). The area
of study is covered by a regular grid of points forming a square of cells. Each cell is treated as a point
seismic source and earthquakes are assumed to occur as a stationary Poisson process with constant rate
Λ .

The frequency-magnitude distribution (FMD) describes the relation between the frequency of oc-
currence and the magnitude of earthquakes. The most common FMD in seismic hazard studies is the
Gutenberg-Richter relation (Gutenberg and Richter, 1944):

log10 N(M) = a−bM (1)

where N(M) is the number of seismic events with magnitude equal to or greater than M, a is a measure
of the level of seismic activity, and b is the slope of the recurrence curve.

If the magnitudes of the seismic events are assumed to be independent identically distributed random
variables, and the magnitude range is bounded from the top, then, the distribution of magnitude has the
form of a truncated exponential distribution, with the following cumulative distribution function (CDF):

FM(m) =
1− exp [−β (m−Mc)]

1− exp [−β (Mmax−Mc)]
, Mc ≤ m≤Mmax (2)

http://earthquake.usgs.gov/earthquakes/search/
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Sochi
mb < 5.0 : Mw = exp(−0.60+0.34mb)+2.15 (Gasperini et al., 2013)

mb ≥ 5.0, H ≥ 70km : Mw = 0.165m2
b−0.372mb +2.816 (Tsampas et al., 2016)

H < 70km : Mw = 1.64mb−3.18 (Das et al., 2011)
H < 70km, Ms ∈ [3.0 , 6.1] : Mw = 0.67Ms +2.12 (Das et al., 2011)

Ms ∈ [6.2 , 8.4] : Mw = 1.06Ms−0.38 (Das et al., 2011)
H ≥ 70km, Ms ∈ [3.3 , 4.3] : Mw = 0.67Ms +2.33 (Das et al., 2011)

Ms ∈ [4.4 , 7.7] : Mw =−0.006M2
s +0.850Ms +1.540 (Tsampas et al., 2016)

Kamchatka
mb < 4.5 : Mw = exp(−4.37+0.83mb)+4.46 (Gasperini et al., 2013)

mb ∈ [4.5 , 6.3] : Interpolation (Gusev, 1991)
Ms < 3.9, H ≥ 70km : Mw = 0.67Ms +2.33 (Das et al., 2011)

H < 70km : Mw = 0.67Ms +2.12 (Das et al., 2011)
Ms ≥ 3.9 : Interpolation (Gusev, 1991)

Table 1: Applied magnitude conversions

where β = b ln(10), and Mmax is a magnitude of the strongest possible earthquake in the area.

The uncertainty of parameter β can be handled by applying the compound (Bayesian) distribution
(DeGroot, 1970; Hamada et al., 2008; Klugman et al., 2008). In general, if the random variable M has a
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Fig. 1: Location of epicentres in the area surrounding Sochi.
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CDF FM(m,θ), with vector of parameters θ , and fθ (θ) denotes the probability density function (PDF) of
θ , the compound CDF would be calculated as follows:

FM(m) =
∫

Ωθ

FM(m,θ) fθ (θ)dθ (3)

Assuming that the variation of β can be modelled by a gamma distribution, the following compound
CDF can be obtained (Campbell, 1982; Kijko and Graham, 1998; Kijko et al., 2016):

FM(m) =Cβ

[
1−
(

p
p+m−Mc

)q]
, Mc ≤ m≤Mmax (4)

where p = β̄

σ2
β

, q =
(

β̄

σβ

)2
, β̄ is the mean value of β and σβ is its standard deviation, and Cβ is a

normalising constant given by:

Cβ =

[
1−
(

p
p+Mmax−Mc

)q]−1

(5)

The corresponding compound PDF is expressed as:

fM(m) = β̄Cβ

(
p

p+m−Mc

)q+1

, Mc ≤ m≤Mmax (6)

Thereby, the set of required parameters for each seismic source consists of Λ , β , and Mmax. These
parameters were estimated in the following manner. First, Mmax was estimated based on a few largest
observed magnitudes (Kijko and Singh, 2011):

M̂max = Mobs
max +

1
n0

(
Mobs

max−
1

n0−1

n0

∑
i=2

Mn−i+1

)
(7)

where Mobs
max is the largest observed earthquake magnitude, n0 = 10, and Mn−i+1 is the (n− i)-th largest

observation.
Second, Λ and β were estimated by maximising the joint likelihood function, as described by Kijko

and Sellevoll (1989; 1992). This procedure allows using the information from the whole seismic catalogue
(i.e. pre-instrumental data and complete data), and accounting for uncertainties associated with the FMD
and magnitude determination.

2.3 Hazard calculations

The seismic hazard at a particular site is characterised by the ground motion that has a specified probabil-
ity to be exceeded at least once during the specified period of time. The assumption that the occurrence of
earthquakes conforms to a stationary Poisson process allows the calculation of the probability that ground
motion parameter y would exceed the value a0 at the site at least once during time interval T :

P[y≥ a0,T ] = 1− e−λ (a0)T (8)

where λ (a0) is the annual rate of exceedance of ground motion level a0 at the site.
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Fig. 2: Location of epicentres at the Kamchatka Peninsula

The estimation procedure for the exceedance rate λ (a0) depends on the applied PSHA methodology.
For the Cornell-McGuire method, this value is estimated by using the following equation, based on the
total probability theorem:

λ (a0) =
N

∑
i

Λi

∫
R

∫
M

P[y≥ a0|m,r] fMi(m) fRi(r)dr dm (9)

where the summation is taken over all seismic sources capable of inducing significant ground motion at
the site, fRi(r) is the PDF of distance R, fMi(m) is the PDF of magnitude M given in Eq. (6), Mmin is the
smallest magnitude considered in the analysis (in this study, Mmin = 4.0), the conditional probability of
exceedance P[y≥ a0|m,r] reflects the inherent variability of ground motion y for given magnitude m and
distance r, usually calculated by using the normal (Gaussian) distribution.
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In this study, as the seismic sources are modelled as a regular grid of point sources, Eq. (9) reduces to
the following:

λ (a0) =
N

∑
i

Λi

Mi
max∫

Mmin

P[y≥ a0|m,r] fMi(m)dm (10)

By increasing the value a0 and repeating these calculations, the seismic hazard curve is constructed.
The Parametric-Historic method is oriented more empirically. Only the sources that induce ground

motions y in excess of a fixed lower threshold amin are taken into account. The magnitude range is sub-
divided into small intervals ∆m and for each source the cumulative rate of exceedance is calculated by
summing the incremental rates. The total annual rate of exceedance λ (a0) is calculated by summation
over all contributing sources:

λ (a0) = P[y≥ a0]
Ns

∑
i

Nm

∑
j

Λi(a≥ amin)

m j+∆m/2∫
m j−∆m/2

fMi(m)dm (11)

where Ns is the number of seismic sources that induce ground motions y in excess of the fixed lower
threshold amin, Nm is the number of intervals ∆m between Mmin and Mi

max, and P[y≥ a0] is the probability
of exceedance, estimated from the empirical distribution of y at a site of interest.

The third considered PSHA procedure is based on a synthetic catalogue of seismic events. The syn-
thetic catalogue is generated by the Monte Carlo simulation technique, based on the estimated seismic
parameters Λ , β , and Mmax. The duration of the synthetic catalogue Tc should be sufficient to allow for
reliable hazard estimation. In this study, two probability levels are considered, namely, 10% and 2% prob-
abilities of exceedance in 50 years, which correspond to return periods of approximately 475 and 2475
years, respectively. In this study, the duration of the synthetic catalogues was equal to a hundred times the
return period.

The estimation of the annual rate of exceedance λ (a0) from the synthetic catalogue is straightforward.
The ground motion parameter y is calculated for each event of the synthetic catalogue and a cumulative
histogram of y is calculated. Subsequently, the cumulative histogram is normalised by the timespan of the
synthetic catalogue Tc, and the required annual rate of exceedance λ (a0) is obtained from the normalised
histogram.

2.4 Selection of the GMPEs

Estimates of the expected ground motion at the site of interest are fundamental factors in seismic hazard
analysis. The ground motion is characterised by a particular parameter, usually a horizontal peak ground
acceleration (PGA), peak ground velocity, or spectral acceleration. GMPEs are employed to estimate
ground motion parameters for use in both the deterministic and the probabilistic seismic hazard analyses.
These equations allow estimation of the median values of the ground motion parameters, based on the
earthquake magnitude, source to site distance, local soil conditions, fault mechanism, and other parame-
ters. The GMPEs are usually empirical equations obtained by means of regression analysis (e.g. Joyner
and Boore, 1993). A large variety of GMPEs for different parts of the world have been developed over
the years (Douglas, 2011).

As regards the regions selected for analysis, despite continuous studies of the characteristics of the
strong ground motions at the North Caucasus (Pavlenko, 2008; 2009; 2016; Pavlenko and Pavlenko,
2016) and at the Kamchatka Peninsula (Gusev et al., 1997; Petukhin et al., 1999; Chubarova et al., 2010),
regional GMPEs have not been developed yet. In such instances, a common practice is to adopt the
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Reference Scaling parameters Sochi Kamchatka Weight
Akkar and Bommer (2007) Mw, RJB X X 0.2
Boore and Atkinson (2008) Mw, RJB X X 0.2
Campbell and Bozorgnia (2008) Mw, Rrup X X 0.2
Cauzzi and Faccioli (2008) Mw, Rhyp X X 0.2
Chiou and Youngs (2008) Mw, Rrup X X 0.2
Youngs et al. (1997) Mw, Rrup − X 0.34
Atkinson and Boore (2003) Mw, Rrup − X 0.33
Kanno et al. (2006) Mw, Rrup − X 0.33

Table 2: The GMPEs recommended by the GEM

GMPEs developed for other regions with similar tectonic properties (e.g. Stafford et al., 2008; Delavaud
et al., 2009). Since the purpose of the current study is to compare the different methods of PSHA rather
than to assess the seismic hazard itself, the adoption of particular GMPEs should not affect the results
radically. Therefore, in this study, a set of GMPEs recommended by the Global Earthquake Model (GEM,
http://www.globalquakemodel.org) project is used. These GMPEs are listed in Table 2.

The GMPEs of Akkar and Bommer (2007) and Cauzzi and Faccioli (2008) have been developed for
implementation in the European region. Akkar and Bommer (2007) used strong motion data from Europe
and the Middle East for their study, while Cauzzi and Faccioli (2008) compiled the database by includ-
ing the strong motion records from Japan, Iran, California, Turkey, Iceland, and Italy. The GMPEs of
Boore and Atkinson (2008), Campbell and Bozorgnia (2008), and Chiou and Youngs (2008) have been
developed as contributions to the Next Generation Attenuation project of the Pacific Earthquake Engi-
neering Research Center (peer.berkeley.edu), and are considered globally applicable to shallow crustal
earthquakes in active tectonic regions.

Youngs et al. (1997) and Atkinson and Boore (2003) have developed globally applicable GMPEs for
subduction zone earthquakes, based on the global strong motion databases, whereas, the GMPE of Kanno
et al. (2006) has been developed by using the data from Japan, California, and Turkey. Youngs et al.
(1997) and Atkinson and Boore (2003) categorised earthquakes as interface events (shallow-angle thrust
events that occur on the interface between the subducting and the overriding plates, usually not deeper
than 50 km) and intraslab events (events that occur within the subducting oceanic plate and which are
typically high-angle normal faulting events). Kanno et al. (2006) distinguished between shallow and deep
earthquakes.

The seismic hazard in Sochi and the surrounding region is partially attributable to the proximity of
the area to the Caucasus Mountains, a part of the Iran-Caucasus-Anatolia seismic region, characterised
by high seismic activity. Furthermore, numerous strong and moderate earthquakes have been reported in
the Sochi area and in other parts of the Black Sea coastal area, as well as in the Black Sea itself.

In comparison with the seismicity of the Sochi region, that of the Kamchatka Peninsula represents a
greater challenge. The seismicity of the Kamchatka Peninsula is characterised by subduction earthquakes
on the south eastern coast, where seismicity is dominated by the events occurring at the Kuril-Kamchatka
Trench. At the north end of the peninsula, seismicity is characterised by less frequent crustal earthquakes.
To the west of the peninsula, in the Sea of Okhotsk, several large deep-focus earthquakes have occurred
in recent times, including the great Mw 8.3 earthquake of May 24, 2013 (Chebrova et al., 2015).

Along the south eastern coast, in area that extends deep into the peninsula, the ground motions could
be caused by either the subduction earthquakes occurring on the dipping Pacific Plate beneath the penin-
sula, or by the crustal earthquakes. This area was modelled as a transition zone of mixed seismicity,
where both types of earthquakes contribute to strong ground motions. The structure of the Kamchatka
subduction zone was explored in detail by Gorbatov et al. (1997). The ground motions in the transition

http://www.globalquakemodel.org
peer.berkeley.edu
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zone were estimated as the weighted average of the outputs of two GMPEs, one developed for crustal
seismicity, and the second developed for subduction earthquakes: y = pc yc + ps ys

σ =
√

p2
c σ2

c + p2
s σ2

s

(12)

where p represent normalised weights that reflect the relative probability for ground motion to be induced
by a subduction or crustal event, y is the median ground motion value, and σ is the corresponding standard
deviation, subscripts c and s mean crustal and subduction.

Epistemic uncertainty was handled by using the logic tree formalism (e.g. Bommer et al., 2005), and
a set of alternative hazard curves was calculated by using the GMPEs, from which the mean hazard curve
was selected to characterise seismic hazard. The weights of the set of GMPEs are listed in Table 2.

3 Results and discussion

Figures 3 and 4 show the seismic hazard maps for PGA for the two considered areas. In these figures, the
hazard maps for exceedance probability of 10% in 50 years (return period of 475 years) are shown in the
upper row; whereas, in the lower row, the maps are shown for exceedance probability of 2% in 50 years
(return period of 2475 years). In the computation of seismic hazard, the grid size was set to 0.1°for the
Sochi area and to 0.2°for the Kamchatka area.

The shape of the hazard contours reflects the observed regional seismicity, with the higher hazard
being concentrated near the epicentres of the major seismic events. When the return period is increased
from 475 years to 2475 years, the seismic hazard estimates increase by a factor of nearly 1.9, while the
shape of the contours remains unchanged.

It could be interesting to subject these maps to a test to indicate which of the methods provides
the most realistic result. Objective testing of the PSHA results is a significant problem, which has been
discussed by many authors (e.g. McGuire, 1979; Ward, 1995; Ordaz and Reyes, 1999; Beauval et al.,
2008; Stirling and Gerstenberger, 2010; Stein et al., 2011; Kossobokov and Nekrasova, 2012; Stirling,
2012; Wyss et al., 2012; Stein et al., 2012; Iervolino, 2013; Mezcua et al., 2013; Stein et al., 2015;
Sokolov and Ismail-Zadeh, 2016), with various approaches being proposed.

There are two main categories of tests, of which the first relates to testing the modelled rate of ex-
ceedance against the observed number of ground motion exceedances (e.g. Ordaz and Reyes, 1999; Stir-
ling and Gerstenberger, 2010; Mezcua et al., 2013). The second category of tests relies on comparison
between the modelled and the observed levels of ground motion (e.g. Ward, 1995; Miyazawa and Mori,
2009; Kossobokov and Nekrasova, 2012).

However, the question of the adequacy of the PSHA methods is beyond the scope of the current study.
Moreover, the testing of seismic hazard estimates is a relatively new and debatable aspect of PSHA

(e.g. Stein et al., 2011; Hanks et al., 2012; Stirling, 2012), and no consensus has been reached on how such
testing should be performed. Consequently, the current analysis is restricted to a quantitative comparison
of the obtained PSHA maps.

The hazard estimates were compared at the sites along two profiles, passing through the highest, mod-
erate, and the lowest hazard areas of the maps, as shown in Figs. 3 and 4. Figures 5 and 6 show the levels
of PGA along these profiles. The trends observed along both profiles are similar, namely, the Cornell-
McGuire method yields the highest hazard estimates; whereas, those obtained with the Parametric-Historic
method and the method based on the Monte Carlo technique are slightly lower. The ratios of the PGA
estimates along the two profiles were calculated for more explicit comparison (Table 3).

The relative difference between the PGA estimates along profile 1 slightly increases with the increas-
ing return period. On average, the relative difference between the PGA estimates based on the Parametric-
Historic and the Cornell-McGuire methods is about 5% for both return periods; whereas, that of the
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Fig. 3: Comparison of seismic hazard maps for Sochi and surrounding area. Left to right: the Cornell-
McGuire method, the Parametric-Historic method, and the method based on the Monte Carlo technique.
Upper row: TR = 475 years, lower row: TR = 2475 years. White circle shows location of Sochi. Profile 1
is shown by grey crosses in Fig. 3a

Profile 1 Profile 2
TR = 475 years Amax(g) Rmax < R > Rmin Amax(g) Rmax < R > Rmin
Cornell-McGuire 0.188 0.472
Parametric-Historic 0.180 0.955 0.952 0.935 0.423 0.896 0.919 0.940
Monte Carlo 0.178 0.944 0.943 0.935 0.411 0.871 0.900 0.919
TR = 2475 years
Cornell-McGuire 0.352 0.894
Parametric-Historic 0.329 0.934 0.948 0.921 0.797 0.891 0.919 0.943
Monte Carlo 0.320 0.910 0.937 0.920 0.780 0.872 0.902 0.924

Amax - maximum PGA estimate, Rmax = (Amax/ACM
max), < R >=< (A/ACM)>, Rmin = (Amin/ACM

min)

ACM - estimates of the Cornell-McGuire method, A - estimates of the two other methods

Table 3: Comparison of seismic hazard estimates along two profiles

method based on the Monte Carlo technique on average 6% below the estimates of the Cornell-McGuire
method for both return periods.

Along profile 2, the relative difference between the PGA estimates decreases slightly as the hazard
level decreases (Table 3), and the ratios are similar for both return periods. The PGA estimates of the
Parametric-Historic method are on average 8% below the estimates of the Cornell-McGuire method;
whereas, those of the method based on the Monte Carlo technique are on average 10% below the estimates
of the Cornell-McGuire method.

Judging by the averaged values of the ratios, the variation among the results based on the three meth-
ods is relatively low, but has a systematic nature.
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4 Conclusion

In this study, seismic hazard estimates obtained by using three different PSHA methods were compared.
For the purposes of comparison all uncertainties in parameters of seismicity were removed and a single
long-term synthetic catalogue was generated and used in the calculations. For comparison, the seismic
hazard maps were prepared for two regions of Russia, and the PGA estimates were compared for return
periods of 475 and 2475 years. The results indicated that the choice of a particular method for conducting
PSHA has relatively little effect on the hazard estimates when the same seismic source model was used in
the calculations. The comparison indicated that the Cornell-McGuire method systematically yielded the
highest estimates of PGA, whereas the Parametric-Historic method and the method based on the Monte
Carlo technique produced similar results, which were slightly below that of the Cornell-McGuire method.
The analysis for the two regions considered indicated that the relative difference between the results of
the three methods was systematic, remaining virtually unchanged when the return period increased from
475 to 2475 years. For the Sochi region, characterised by high seismic activity, this difference was within
6%; whereas, for the Kamchatka region, where seismic activity is very high, the difference was up to
10%. These results suggest that for regions of moderate seismic activity, all three methods would provide
closely related seismic hazard estimates. However, difference among the results would apparently become
more pronounced for regions characterised by high seismic activity.
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