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As one of the seismically active regions in the Alpine-
Himalayan belt, the Iranian plateau has experienced
destructive earthquakes throughout its history. Historical
and instrumental earthquakes confirm the high probability
of occurrence of earthquakes in Iran and consequences risks
and damages. Therefore, it is important to pay attention to
the issue of seismic and risk analysis on the Iranian plateau
in order to reduce the loss of life and property. Earthquake
forecasting and accurate estimation of the probability of the
occurrence of the future events is the first and most important
part of seismic risk analysis. For this purpose, despite the
long term forecasting based on destructive potential of
aftershocks, we should consider the short term forecasting
of aftershocks in our analysis. Therefore, it is necessary to
apply the different forecasting methods for Iranian plateau
by considering all the factors and develop them based on
tectonical condition.

Occurrence of the future events or aftershocks is due
to static, dynamic, and post seismic stresses. Despite large
uncertainties associated with the calculation of Coulomb
failure stress changes (ACFS), it is the most commonly used
method for predicting spatial distributions of aftershocks.
Recent studies showed that classical Coulomb failure
stress maps are outperformed by alternative scalar stress
quantities, as well as a distance-slip probabilistic model
(R). However, these test results were based on the
receiver operating characteristic (ROC) metric, which is
not well suited for imbalanced data sets such as aftershock
distributions. Furthermore, the previous analyses also
ignored the potential impact of large secondary earthquakes.
In this study, the Coulomb failure stress changes for long-
term and aftershocks forecasting in Iranian plateau is used.
Then, we used receiver dependent stress metrics such as
Coulomb stress changes on master fault (MAS), optimally
oriented planes (OOP), variable mechanism (VM), receiver
independent stress scalars including maximum shear (MS),
von-Mises stress (VMS), and R model for aftershocks
spatial binary forecasting. Furthermore, these methods were
developed by considering secondary stress due to large
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aftershocks based on either uniform or Omori-type weights
and considering MCC-F1 as classifier.

By applying classical Coulomb stress changes for the
earthquake sequence in the east of Iran including 12 events
from 1981 to 2017, it was shown that this physic-based
method forecasted the location of the future large events
very well. Also applying this method for aftershocks’ spatial
forecasting due to some moderate to large events in Iranian
plateau revealed good correlation between Coulomb stress
changes and aftershocks distribution. The capability of this
method for Bam earthquake by considering secondary stress
improved. In the next step for 2017-2019 Kermanshah
sequence, the classical Coulomb failure stress, alternative
stress scalars, and R forecast models was applied and the
more appropriate MCC-F1 metric was used to test the
prediction accuracy, Figure (1). It was observed that the
receiver independent stress scalars (maximum shear and
von-Mises stress) perform better than the classical CFS
values relying on the specification of receiver mechanisms
(ACFS resolved on master fault, optimally oriented planes,
and variable mechanism). However, detailed analysis based
on the MCC-F1 metric revealed that the performance
depends on the grid size, magnitude cutoff, and test period.
Increasing the magnitude cutoff and decreasing the grid
size and test period reduces the performance of all methods.
Finally, it was found that the performance of all methods
except ACFS resolved on master fault and optimally oriented
planes improved when the source information of large
aftershocks is additionally considered, with stress-based
models outperforming the R model. Our results highlighted
the importance of accounting for secondary stress changes
in improving earthquake forecasts.

Keywords: Spatial earthquakes sequence, Forecasting
method, Iranian plateau, Combined statistical and Physical
methods
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