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Evaluation of seismic hazard at an area is one of the most momentous subjects of earthquake engineering. The aim of
seismic hazard analysis is determining probability of occurrence of specic level of ground shaking within a given future
time interval. This information plays an important role in the planning of future emergencies, urban development, the
assessment and application of building codes, and evaluating seismic performance of structures, etc.

One of the substantial concerns of such calculation is manipulating of uncertainty induced by lack of precise information
about source geometry and location, recurrence of seismic events at the source, propagation pattern of seismic waves and
inuence of site effects. The proper way of dealing with and modeling of these uncertainties in analysis is a signicant
issue in seismic hazard; because the results of seismic hazard can be inuenced heavily by these uncertainties. The terms
‘aleatory’ and ‘epistemic’ uncertainty describe key elements of total uncertainty. The rst describes uncertainty due to
intrinsic randomness nature of phenomenon, and the latter represents the uncertainty due to insufcient knowledge about
model or its parameters. Unlike the epistemic uncertainty, the aleatory uncertainty cannot be dwindled by incorporation of
additional data. It can only be reduced by conceptualization of better model (Abrahamson and Bommer, 2005; Bommer,
2003). A rational PSHA procedure which can take into account both epistemic and aleatory uncertainties in calculation can
lead to a major jump in seismic hazard.

The rst formulation for handling these uncertainties was proposed by Cornell (1968) and later enhanced by Mc-Guier
(1976) in the general framework of PSHA. This method is now widely used and often seen as a general tool for seismic
hazard analysis. This method is formed on the basis of total probability theorem that the probability of an acceleration
value occurring at site can be calculated by multiplying the conditional probability of obtaining that acceleration from an
earthquake of given magnitude at given distance by independence probabilities of obtaining that magnitude at that distance
(Kramer, 1996; Musson 2000). Although the basic formulation of this method included the aleatory uncertainty due to
randomness of earthquake process, it does not incorporate additional sources of uncertainty that may be associated with the
choice of particular model and model parameters. Indeed, the major difculty of this method stems from reliance of this
method on subjective decision that should be made by incomplete and uncertain information. Dening the most appropriate
seismic source zones, selecting the most applicable recurrence model, and determination of seismic parameters like rate of
occurrence , seismicity rate β, and the way of apportioning seismicity parameters to their corresponding seismic zones
are some issues that rely on the view and opinion of experts and may result in uncertainty in the results of PSHA. In spite
of the fact that these epistemic uncertainties can be modeled systematically through Logic Tree method; proper selection of
the number, nature of nodes and branches is a vague matter and most often treated rather informally. As a consequent, this
may culminated in unexpected and unrealistic results (Bommer and Scherbaum, 2008).

The primary focus of this paper is on the application of a powerful alternative approach to conventional PSHA based
on Monte Carlo simulation method which is increasingly gaining popularity. This method is based on imitating nature of
phenomenon by generating random variable or random processes according to specic data and models. By this algorithm a
pattern of future ground shaking at the site is simulated. In other words, this method calculates seismic hazard by generating
synthetic earthquake catalog by sampling of real catalog or specic models.
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This simple method has some valuable advantages over conventional method of PSHA. In the rst place, it is
conceptually a simple method in comparison with the elaborate total probability theorem. The transparency of the method
made it possible to explain and interpret the results more effectively for experts.  In the second place, it is a potent way to
reduce epistemic uncertainty in evaluation of seismic hazard. It circumvents the need for identifying and quantication of
parameters and models. This approach introduces a way to omit the necessity of parameter estimation. It is also possible
to consider uncertainty of observations more effectively. In the third place, it is a very adaptable method which can take
into account other factors in calculation such as time-dependency of earthquakes, local site characteristics, and the wave
propagation in calculation with some alteration. In addition, unlike the conventional method of PSHA that contribution of
actual earthquakes dies out in calculation, in this method the whole synthetic catalog can be integrated to extract the most
probable combination of magnitude-distance earthquake from a design point of view (Musson, 1999). Accordingly, the
deaggregation problem and determination of design earthquake are quite simple.

The main objective of this paper is to address capability of Monte Carlo simulation method in reducing different kind
of epistemic uncertainty in PSHA. The uncertainty induced by selection and using different ground motion prediction is
beyond the scope of this paper. To this goal, a comprehensive and step by step comparison is made between the results of
conventional PSHA and Monte Carlo approach. As a case for different analyses, city of Tabriz, in North West of Iran was
selected. Because of its old and continuous record of history, there is a good historical catalog in this region, which indicates
that the city of Tabriz has experienced many great and destructive earthquakes (Ambraseys and Mellvile, 1982). The city of
Tabriz is the fourth largest city of Iran and comprises about 1.5 million inhabitants.

In the nal paper, Monte Carlo simulation approach is introduced as a tool for probabilistic seismic hazard analysis.
Benets and limitation of this method will be discussed; the results of comparison between conventional method of PSHA
and Monte Carlo simulation will be put forward.
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