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Introduction

Kermanshah Province, situated within the central part of the Zagros Fold-and-Thrust
Belt, represents one of the most seismically volatile regions in the Middle East. The
ongoing convergence between the Arabian and Eurasian plates has manifested in
complex fault systems, most notably the Main Recent Fault (MRF) and the High Zagros
Fault (HZF). The catastrophic 2017 Sarpol-e Zahab earthquake (Mw 7.3) underscored
the vulnerability of this region and highlighted a critical gap in traditional hazard
assessments: the discrepancy between historical seismic catalogs and long-term
tectonic deformation. This study aims to bridge this gap by integrating morphotectonic
indices with state-of-the-art Probabilistic Seismic Hazard Analysis (Karbassian et al.,
2024), providing a multi-temporal perspective on seismic risk. The study area
encompasses diverse structural zones, ranging from the Sanandaj-Sirjan zone in the
northeast to the Simply Folded Belt in the southwest. The tectonic framework is
dominated by NW-SE trending strike-slip and thrust faults. Geomorphologically, the
region exhibits youthful topography, characterized by deeply incised valleys and active
fold growth, which serve as surface expressions of deep-seated crustal shortening.

Methodology
This research employs a three-tiered integrated approach: Phase I: Morphometric

Analysis; Using a 12.5m resolution Digital Elevation Model (DEM), six key
geomorphic indices were calculated across 24 drainage basins: Asymmetry Factor (Af)
to detect tectonic tilting. Hypsometric Integral (Hi) to evaluate the stage of landscape
evolution.Stream Length-Gradient Index (SI) to identify anomalies related to fault
activity. Basin Shape Index (Bs) and Mountain Front Sinuosity (Smf).
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These indices were synthesized into the Index of Relative Tectonic Activity (lat), classifying the province
into four classes from "Very High" to "Low" activity.

Phase Il: Probabilistic Seismic Hazard Analysis (PSHA); A comprehensive seismic catalog was compiled,
declustered, and analyzed for completeness. Using EZ-Frisk software, a Logic Tree framework was
implemented to account for epistemic uncertainties in: Seismic source characterization (Area and Line
sources).

Maximum Magnitude estimation. Ground Motion Prediction Equations (GMPEs) specifically calibrated
for the Zagros region. Peak Ground Acceleration (PGA) values were calculated for a 475-year return period
(10% probability of exceedance in 50 years).

Phase I11: Geospatial Integration; The (lat) and seismic (PGA) layers were overlaid using GIS-based spatial
correlation analysis to identify "Critical Risk Zones."

Results and Discussion
The findings reveal a significant spatial correlation (R > 0.82) between high-activity morphotectonic classes
and elevated seismic hazard parameters .

-Hotspot Identification: The Sarpol-e Zahab and Sahneh-Harsin regions emerged as the most critical zones.

These areas exhibit lat values < 1.5 (Class 1) and projected PGA values exceeding 0.38g
-Seismic Gaps: Several basins in the northern part of the province showed "Very High" morphotectonic

activity despite a relative lack of recent large-magnitude earthquakes. This indicates a potential seismic gap
where tectonic strain is accumulating, posing a high future risk.

-Anomalous Zones: In the Kermanshah plains, while morphometric indices suggested moderate activity

(due to sediment burial), the PSHA results showed significant hazard levels, likely influenced by "Blind Faults"
and local site amplification effects.

The integration of long-term geomorphic data with short-term seismic records provides a more robust
validation for hazard maps. Traditional PSHA often relies heavily on historical catalogs, which may not capture
the full seismic cycle of slow-moving or "sleeping" faults. By incorporating lat values, this study proves that
landscape signatures are reliable proxies for seismic potential. The high PGA values in the western parts of the
province align perfectly with the deformation zones observed during the 2017 event, validating the predictive
power of this integrated model. Furthermore, the results suggest that current building codes (e.g., Iranian
Standard 2800) may need localized revisions in "Class 1" tectonic zones to ensure structural resilience against
near-field ground motions.

Conclusions

This study provides a pioneering framework for seismic risk assessment in collision zones. The synergy
between geomorphology and engineering seismology allows for the identification of hidden hazards that might
be overlooked by conventional methods. The resulting integrated map serves as a vital tool for urban planning,
disaster management, and the design of critical infrastructure in Kermanshah. Future research should
incorporate GNSS strain rate data to further refine the geodetic coupling coefficients within the PSHA model.
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Fig (1): The location of the study area
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