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Introduction

Iran is located on the Alpine—Himalayan seismic belt, making it one of the most earthquake-prone
countries in the world. The high frequency of destructive earthquakes, combined with rapid urbanization,
population concentration, and inadequate crisis management systems, has significantly increased the
vulnerability of Iranian cities. In recent decades, earthquake-related disasters have resulted in substantial
human casualties and economic losses, highlighting the urgent need for preventive and non-structural
approaches to risk reduction.

Passive defense, as a strategic and non-military approach, emphasizes foresight, spatial planning, and

vulnerability reduction to mitigate the impacts of natural hazards such as earthquakes. In urban contexts,
passive defense principles focus on land-use planning, dispersion of critical facilities, resilience of
infrastructure, and reduction of exposure to hazards. Integrating these principles into urban planning can
significantly enhance cities’ capacity to withstand seismic events.
The metropolis of Kermanshah, located in western Iran, represents a highly vulnerable urban area due to
its proximity to active fault lines, complex topography, dense population, and strategic geopolitical
position. The devastating 2017 earthquake in the region exposed major weaknesses in urban
preparedness and risk management. Therefore, systematic assessment of seismic vulnerability using
scientific and spatial decision-making models is essential for informed planning and effective disaster
risk reduction.

This study aims to assess earthquake risk in Kermanshah metropolis by identifying and analyzing
urban vulnerability components based on passive defense principles. Specifically, the research seeks to
(1) evaluate seismic vulnerability across natural, physical, social, and economic dimensions; (2) rank
municipal districts according to their level of earthquake risk; and (3) propose practical strategies aligned
with passive defense to reduce urban vulnerability. To achieve these objectives, the Linear Assignment
Method (LAM) integrated with GIS tools was employed as a multi-criteria decision-making approach.

Results and Discussion

The research adopted an applied and descriptive—analytical methodology. Data were collected through a
structured questionnaire distributed among 30 experts and academics specializing in urban planning,
geography, and earthquake risk management. The questionnaire was designed based on four main
vulnerability components—natural, physical, social, and economic—and included 44 specialized
indicators. The reliability of the instrument was confirmed using Cronbach’s alpha (o = 0.82), indicating
acceptable internal consistency.

Expert judgments were quantified using a five-level qualitative scale, which was converted into
numerical values for analysis. The collected data were processed using GIS software for spatial analysis
and LINGO software for solving the linear assignment optimization model. The Linear Assignment
Method was selected due to its ability to rank multiple alternatives simultaneously based on weighted
criteria and its compatibility with spatial decision-making systems.

The results of the analysis revealed significant spatial disparities in seismic vulnerability among the
eight municipal districts of Kermanshah. Districts 7 and 3 were identified as the most vulnerable areas,
primarily due to high population density, aging building structures, proximity to active fault lines,
inadequate road networks, and limited access to emergency facilities. In contrast, Districts 8§ and 6
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demonstrated the lowest levels of vulnerability, benefiting from relatively newer urban fabrics, better
infrastructure quality, and greater distance from seismic fault zones.

The findings also showed that physical and social vulnerability indicators play a decisive role in
determining overall seismic risk. Areas with dense residential textures, narrow streets, and high
concentrations of vulnerable population groups (children and the elderly) were particularly susceptible to
severe earthquake damage. Moreover, the overlap between high-risk physical indicators and fault-line
locations significantly increased the intensity of potential losses.

To validate the robustness of the Linear Assignment Method, the results were compared with outputs
from the Weighted Sum Model implemented in a GIS environment. The comparison demonstrated over
78% consistency between the two methods, confirming the reliability and stability of the applied model.
Sensitivity analysis further indicated that moderate changes in indicator weights did not substantially
alter the final ranking of districts, underscoring the methodological strength of the approach.

From a passive defense perspective, the results highlight the importance of spatial reorganization,
decentralization of critical land uses, and strengthening of urban infrastructure in high-risk districts. The
integration of non-structural measures, such as land-use compatibility, emergency accessibility, and
multifunctional open spaces, can significantly reduce urban vulnerability and improve resilience against

seismic hazards.
Conclusion

This study demonstrates that integrating passive defense principles with multi-criteria decision-making
techniques provides an effective framework for urban earthquake risk assessment. By applying the
Linear Assignment Method combined with GIS analysis, the research successfully identified and ranked
seismic vulnerability across municipal districts of Kermanshah metropolis.

The results indicate that Districts 7 and 3 require immediate intervention due to their high vulnerability,
while Districts 8 and 6 can be considered relatively safe zones suitable for post-disaster support functions
such as temporary shelters, emergency logistics, and relief centers. The findings emphasize that physical
and social factors, particularly building quality, population density, and access to critical infrastructure,
are key determinants of urban seismic risk.

Based on the outcomes, several practical recommendations aligned with passive defense principles
are proposed: restricting hazardous land uses in high-risk areas, enhancing emergency road networks,
promoting resilient and multifunctional urban spaces, and employing smart monitoring and early warning
systems. Additionally, developing an integrated and dynamic “urban vulnerability map” can support real-
time decision-making and improve disaster preparedness.

Despite its contributions, the study faces limitations related to expert-based data collection and the
static nature of some indicators. Future research can expand the analytical framework by incorporating
dynamic data sources, advanced decision-making models, and longitudinal assessments. Overall, the
proposed approach offers valuable insights for urban planners, policymakers, and disaster management
authorities aiming to enhance seismic resilience and reduce urban vulnerability through passive defense
strategies.
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