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Probabilistic Seismic Hazard Analysis (PSHA) as the
most prevalent approach to evaluate earthquake hazard is
commonly based on the earthquake catalogs. Although
previous studies show that the recurrence time of the
large-magnitude events is more than ~1000-2000 years in
large areas of the Iranian plateau, the available historical
and instrumental seismicity record is limited. Therefore,
factors such as the incompleteness of catalogs, long-term
return periods of large earthquakes, insufficient short-term
instrumental records lead to unreliable results in catalog-
based seismic hazard analysis. In some regions of the world,
such as California, Canada, Japan, New Zealand, and Italy,
geodetic and geological information has been combined
with catalog information and used by researchers in order
to estimate earthquake hazards. The results show that the
estimated earthquake occurrence rates are higher than the
rates obtained from methods that only use the seismic
catalog data. Therefore, new approaches in seismic hazard
analysis can increase knowledge and answer questions
related to the spatio-temporal distribution of earthquakes.
On the other hand, the uncertainties of the strong ground
motion parameters are also reduced as the output of seismic
hazard analysis.

Considering the seismicity of Iran and the shortcomings
of recorded seismic catalogs, the purpose of this study is to
present the first combined (hybrid) seismic hazard model of
the Iranian plateau using seismic, geodetic, and geological
data. For this purpose, the results of the comprehensive
deformation model of the Iranian plateau which is available,
have been used. The model is fitted to the latest Iranian data
set data sets, including fault traces, geologic fault offset rates,
GPS velocities, principal stress directions, and velocity
boundary conditions. The main outcome of the deformation
model is a continuous strain rate for the Iranian plateau. In
this study, the strain rates obtained from the deformation
model have been converted into the seismic moment rates
and then the earthquake occurrence rate using the relevant
equations, which are the basis of deformation-based seismic
hazard analysis. Comparison with the catalog-based long-
term occurrence rates shows that in all seismotectonic
provinces of the Iranian plateau, the occurrence rate based
on deformation is higher than the occurrence rate based on
catalogs. The lowest value for the ratio of deformation-based
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occurrence rate to catalog-based ones is 1.21 for Zagros
province and the largest amount is 8.88 for Central Iran.
Using the estimated deformation-based occurrence rate, the
geometry and characteristics of seismogenic sources have
been modeled. Seismogenic sources are defined as a grid of
square area sources covering the whole of Iran and their
geometric characteristics are determined based on tectonic,
geological, and seismic data.

The results of the model which are presented in the form
of hazard curves and hazard maps for the return periods
of 475 years and 2475 years show that the deformation-
based hazard model resulted in a higher hazard level than
conventionalcatalog-based models. However, due to the
damping property of the hazard analysis relationship,
this increase in hazard level is not as high as the moment
increase ratio of the two models. The highest PGA values
are observed in the Azerbaijan and Alborz provinces, where
the highest strain rates are also observed. Also, in the Kopeh
Dagh province, the strip that extends from the east of Alborz
to Mashhad and passes through the city of Bojnourd, has
high PGA values. For Central and Eastern Iran, where large
earthquakes with long-term recurrence times occur, the
PGA values estimated from the deformation-based model
are higher than the PGA values obtained from the catalog-
based model. Compared to the smoothed seismicity hazard
models, for cities that are not close to the fault and do not
have high amounts of seismic strain around them, the results
of the smoothed seismicity models and the deformation-
based model are consistent with each other. While for areas
close to active faults, hazard estimation models using the
smoothed seismicity method provide a lower hazard level. It
was also observed that if geological characteristics of active
faults near a site are available and used in a catalog-based
model, the estimates are expected to be more consistent with
the results of the deformation-based model. Also, the results
show that if there are consecutive large earthquakes in a
region, there is a possibility of misleading results due to the
temporary high activity rate.

After presenting the deformation —based seismic hazard
model and its results for the Iranian plateau, a deformation-
based seismi ¢ hazard model is provided for the Makran
seismotectonic province. Makran is a sbduction zone and has
complex tectonics. Therefore, the hazard model is presented
separately from the other parts of the Iranian plateau for this
province. The results of the Makram deformation-based hazard
model show a coastline with high PGA values in this subduction
zone which can affect important ports in this area. In the final
part of this study, a deformation model is provided with the use
of block modeling method for the Zagros province, considering
that important infrastructures such as Bushehr power plant,
South Pars field, and Asaluyeh are located in it and are affected
by seismic hazard potential due to seismogenic sources of this
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province. The outcome of the Zagros block model is the slip
rate of some major faults in this province.

Keywords: Deformation model, Deformation-based seismic
hazard model, Strain rate, Seismic moment rate, Earthquake
occurrence rate




