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ABSTRACT

Earthquakes are destructive natural hazards posing significant
threats to urban communities, infrastructure, and sustainable
development. This research aims to analyze ground motion
parameters, specifically Peak Ground Acceleration (PGA) and
Peak Ground Velocity (PGV), and to develop seismic hazard
zonation maps for Sanandaj. Given Sanandaj's location in the
Sanandaj-Sirjan structural zone and proximity to the
seismically active Zagros belt, the city exhibits high seismic
sensitivity. The study utilized Deterministic Seismic Hazard
Analysis (DSHA) integrated with Geographic Information
Systems (GIS). Seismic sources were identified as active faults
exceeding 10 km in length within a 70 km radius. Earthquake
magnitudes for these faults were estimated by averaging several
empirical relationships based on fault length. The Chandra et
al. model was applied to calculate intensity attenuation, which
was subsequently converted to PGA and PGV parameters.
Spline interpolation within GIS was employed to generate
continuous hazard surfaces. The estimated PGA values ranged
from 0.33g to 0.38g, and PGV values between 35 and 39 cm/s.
These figures are slightly higher than the design base
acceleration of 0.3g recommended by Iranian Standard 2800.
The results reveal a heterogeneous distribution of seismic
hazard in Sanandaj, with southwestern sectors experiencing the
highest risk due to proximity to active faults. Consequently, the
study underscores the necessity of incorporating local data into
seismic assessments, revising seismic design regulations, and
prioritizing retrofitting measures to enhance urban resilience.
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Extended Abstract

Introduction Earthquakes constitute one of
the most destructive natural hazards, posing
serious threats to human societies,
infrastructure, and the environment.
Specifically, in regions with high tectonic
activity, understanding seismic behavior is
crucial for disaster risk reduction.

The city of Sanandaj, as the center of
Kurdistan Province and situated within the
Sanandaj-Sirjan structural zone, is located
near the seismically active Zagros belt. With a
population exceeding 540,000 and vital
infrastructure such as water distribution
networks, the city's vulnerability to seismic
events is significant.

Previous studies indicate that Peak Ground
Velocity (PGV) correlates highly with
pipeline breakage rates, while Peak Ground
Acceleration (PGA) governs the damage to
surface structures. However, the standard
design code (Standard 2800) provides
generalized values that may not reflect local
tectonic specifics.

This study aims to analyze earthquake motion
parameters (PGA and PGV) and generate
seismic hazard zonation maps using a
deterministic approach and Geographic
Information Systems (GIS). The research
addresses the need for local-scale assessments
to complement national standards. The
primary objectives are to determine the spatial
distribution of PGA and PGV, identify high-
risk zones, and compare deterministic results
with the prescribed values of Standard 2800.
Specifically, the study seeks to answer: 1)
What is the spatial distribution of PGA and
PGV in Sanandaj? 2) Which urban areas are
most vulnerable? 3) How do deterministic
results align with current regulations?

Methodology This research employs a

descriptive-analytical — approach utilizing
Deterministic  Seismic Hazard Analysis
(DSHA) and Geographic  Information

Systems (GIS). Data were collected from
authoritative sources including the Geological
Survey of Iran (fault maps), the Seismology
Center (earthquake catalogs 2000-2020), and
Sanandaj Municipality (urban base maps).

Faults with lengths exceeding 10 km within a
70 km radius were identified as effective
seismic sources (40 faults total). To estimate
earthquake magnitude (M) in the absence of
sufficient strong-motion data, empirical
relations between fault length and magnitude
were applied. Four empirical models (Wells &
Coppersmith 1994; Nowroozi 1985; Mohajer-
Ashjai & Nowroozi 1987; Melville 1981)
were used, and their average values were
adopted to minimize uncertainty. Intensity at
the epicenter (10) was calculated using 10
=1.3Ms+0.09

Subsequently, the attenuation of intensity
was modeled using the Chandra et al. (1979)
relation(IR=10+6.453—-0.00121R—4.960log(R
+20)), chosen for its calibration with Iranian
data. The study area (15x18 km) was gridded
into 1x1 km cells. PGA and PGV were
derived from intensity using logarithmic
relations (log10(PGA)=0.33MMI-1.2

and log10(PGV)=0.31MMI-0.7).

To create continuous hazard maps, Spline
interpolation was selected over Inverse
Distance Weighting (IDW) and Kriging due to
its lower Root Mean Square Error (RMSE =
0.0248), ensuring the most accurate spatial
representation of seismic hazard.

Results and Discussion The findings
demonstrate a heterogeneous distribution of
seismic risk across Sanandaj, strongly
correlated with proximity to active faults. The
highest hazard levels were identified in the
southwestern parts of the city, where PGA
values range from 0.34g to 0.36g and PGV
ranges from 35 to 39 cm/s, corresponding to a
Modified Mercalli Intensity (MMI) of VIII. In
contrast, northeastern areas show lower
values, decreasing to intensity VII. This
gradient confirms that distance from seismic
sources is the controlling factor in risk
distribution. The estimated PGA values
slightly exceed the design base acceleration of
0.3g recommended by Iran's Standard 2800.
This discrepancy is attributed to the inclusion
of numerous local active faults and the use of
specific empirical attenuation relations for
Iran, unlike the generalized approach of the



national code. The results align with Panahi
and Motesharrei (2013) (PGA ~ 0.349) but are
slightly higher than Yazdani and Khaji (2015)
(PGA ~ 0.25g), likely because the current
study incorporated 40 active faults compared
to their limited five sources. The high PGV
values in the southwest indicate a significant
risk to underground utilities, corroborating the
findings of  O’Rourke and  Liu
(2012)regarding  pipe  fragility.  The
interpolation analysis further confirmed that
Conclusion This study successfully applied
a deterministic approach and GIS to assess
seismic hazard in Sanandaj. The spatial
analysis revealed that southwestern urban
zones are the most vulnerable, experiencing
higher PGA and PGV values than previously
estimated by general codes. The study
highlights that national standards may
underestimate risks in specific micro-zones
like Sanandaj. Therefore, revising Standard
2800 to incorporate local data and detailed
fault analyses is recommended to enhance
urban safety. Urban planners should
prioritize

retrofitting infrastructure, particularly water
networks, in the southwestern districts to
enhance resilience against  potential
earthquakes. Future research  should
integrate probabilistic methods and site-
specific soil properties to further refine these
hazard estimate.
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the Spline method provides the most plausible
continuous surface for hazard mapping
compared to other geostatistical methods.

regarding pipe fragility. The interpolation
analysis further confirmed that the Spline
method provides the most plausible
continuous surface for hazard mapping
compared to other geostatistical methods.
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