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Today, the concentration of population, infrastructure, and vital land
uses in cities has rendered them highly wvulnerable to both
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Keywords: fundamental step toward mitigating potential damages and enhancing

urban resilience. The present study was conducted to assess and zone
the vulnerability of urban infrastructures and land uses in llam from a
Land Uses passive defense perspective. Adopting a descriptive-analytical research
GIS design, data were collected through documentary studies and field
surveys, including expert interviews and questionnaire administration.
Passive Defense A total of 30 indicators associated with vulnerable urban elements
Ham were identified. Following the weighting of these indicators using the
Fuzzy Analytic Hierarchy Process (FAHP), the corresponding spatial
layers were prepared and analyzed within a Geographic Information
System (GIS) environment. Ultimately, the final vulnerability zoning
map of the city was derived through an integrated overlay analysis of
the layers. The findings reveal that the central and northwestern sectors
of the city are classified within high and very high vulnerability
categories, primarily attributable to elevated population density, the
overconcentration of critical and sensitive land uses, and inadequate
spatial distribution of services. Overall, approximately 52% of the
city's total area falls within high and very high vulnerability zones,
12% is situated in moderate vulnerability zones, and 36% lies within
low-risk zones. Furthermore, healthcare facilities, administrative
managerial land uses, and communication networks were identified as
the most critical elements, carrying the highest vulnerability weights.
Accordingly, the study proposes a set of strategic measures, including
the balanced spatial redistribution of vital land uses, reduction of
functional concentration, reinforcement of supportive infrastructures,
and the systematic integration of passive defense requirements into
future urban development plans.
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Introduction

Cities and metropolises, due to the high concentration of investment, dense population, and the
establishment of a wide range of infrastructure facilities and vital and sensitive centers, face considerable
vulnerability in the event of human-induced threats (such as military attacks) and natural hazards. The
destruction of structures, disruption of access networks, and damage to water, electricity, gas, and
telecommunication facilities are direct consequences of such events, potentially causing heavy financial
and human losses. Border cities, due to their specific geopolitical position, cross-border communication
role, and the presence of key administrative and service centers, are of double sensitivity. Ilam, as the
provincial capital and the main gateway for pilgrims traveling to the holy shrines in Irag, with a high
concentration of vital, sensitive, and important land uses, requires a precise assessment of spatial
vulnerability and planning based on passive defense principles. Passive defense, as a set of non-military
measures to reduce vulnerability, ensure the continuity of essential activities, and facilitate crisis
management, is a key approach in this regard. Despite previous studies in other cities of the country, no
comprehensive assessment of the urban infrastructure status of llam has been conducted from this
perspective. Therefore, the present study was designed and implemented with the aim of evaluating and
zoning the wvulnerability of urban infrastructure and land uses in llam based on passive defense
principles, and providing practical solutions to reduce potential damages and enhance urban resilience.

Results and Discussion

The present study is descriptive-analytical in nature and applied in terms of purpose. Data were collected
through documentary studies and field surveys (including in-depth exploratory interviews with experts
and the distribution of questionnaires among 25 university professors, specialists, and related managers).
In the first step, 30 indicators related to vulnerable urban elements were identified in the form of 5 main
criteria (facilities, administrative centers, military-police centers, transportation, and support centers),
and the network structure of vulnerability was developed. Weighting of criteria and sub-criteria was
performed using the Fuzzy Analytic Hierarchy Process (FAHP) and Expert Choice software. The results
showed that support and military criteria have the greatest impact on the vulnerability of Ilam's urban
infrastructure, respectively. Among the sub-criteria, "fuel storage tanks" with a final weight of 0.1373
play the most significant role, followed by healthcare land uses (hospitals), administrative-managerial
uses (governorate, municipality), and communication networks in subsequent priorities. Furthermore,
green space and religious centers have the least impact on vulnerability. In the next step, the information
layers of each indicator were prepared, standardized, and integrated in the GIS environment using
overlay functions with the application of the obtained weights. The final vulnerability zoning map of
llam shows that the central and northwestern parts of the city, due to high population density,
concentration of vital and sensitive land uses, and weak spatial distribution of services, fall into the high
and very high vulnerability classes. This spatial pattern indicates a significant non-compliance of the
current land-use layout with passive defense principles (such as proper dispersion, standard distancing,
and safe accessibility).
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Conclusion

The findings from the integration of layers and final analysis indicate that the vulnerability zoning of
Ilam's urban infrastructure can be presented in five classes. Approximately 24% of the city's area is in the
very low vulnerability zone, 12% in the low zone, 12.4% in the moderate zone, 12.8% in the high zone,
and 40% in the very high vulnerability zone. In other words, a total of 52% of the city's area (including
the high and very high zones) is assessed as having high vulnerability, which constitutes a serious
warning for crisis management and passive defense in this border city. Based on these results, healthcare,
administrative-managerial, and communication network land uses were identified as the most important
elements with high vulnerability weights, requiring prioritization in corrective actions. Overall, the
present study demonstrates that the existing practice in the location and spatial distribution of vital and
sensitive land uses in llam does not have sufficient coordination with the requirements of passive
defense, and this inconsistency can lead to irreparable damages during a crisis. Accordingly, the key
proposed strategies include: 1) balanced distribution and dispersion of vital, sensitive, and important land
uses across the city to reduce functional concentration in the central core, 2) strengthening support
infrastructure and multiple access networks, 3) incorporating passive defense principles and regulations
into urban development and regeneration plans, 4) gradual relocation of high-risk centers (such as fuel
storage tanks and sensitive facilities) to lower-risk areas, and 5) developing retrofitting and preparedness
programs based on the identified vulnerable zones. The implementation of these strategies can be an
effective step towards reducing vulnerability, increasing resilience, and ensuring sustainable urban
security in llam.
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