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Abstract
Due to its unique geographical location, geomorphological conditions, proximity to the Karun River, and

rapid urban development, the city of Ahvaz has always been exposed to a diverse range of environmental
and geohazards. The occurrence of periodic floods, land subsidence, dust storms, industrial pollution, high
groundwater levels, and geological vulnerability has threatened the safety of urban infrastructure. The
present study was conducted to microzone the vulnerability of urban infrastructure in District 3 of Ahvaz
to these environmental and geohazards. This applied, descriptive-analytical study is based on spatial
modeling in a GIS environment. In this regard, 562 urban infrastructure units were identified across four
main categories: critical infrastructure, emergency services, public-civilian infrastructure, and managerial
infrastructure. Additionally, 14 effective layers-including flood risk, distance from the Karun River,
industrial density, groundwater level, drainage network, soil type, incompatible land uses, medical centers,
arterial roads, population density, green spaces, and sensitive urban centers-were extracted and analyzed.
The combined AHP-Fuzzy model was utilized to weight the criteria, and the Fuzzy Overlay tool in ArcGIS
was used to integrate the layers. The results indicate that a significant portion of the infrastructure in District
3 of Ahvaz is located in high- and very-high-vulnerability zones. The concentration of sensitive
infrastructure near flood paths and industrial land uses, as well as in areas with unsuitable geomorphological
conditions, has increased the likelihood of environmental crises and urban disruptions. The findings reveal
that approximately 50% of the district's infrastructure is highly vulnerable, and more than half of the
district's area is exposed to high hazard levels. Therefore, observing passive defense principles, managing
environmental risks, and accounting for geomorphological limitations are essential for urban development
planning in Ahvaz. Overall, by providing practical micro-zonation maps, this research provides an
operational framework for optimal infrastructure site selection, prioritization of retrofitting measures,
comprehensive crisis management scenario design, and the development of local passive defense
regulations in District 3 of Ahvaz.
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1- Introduction

With increasing urbanization, it is predicted that by 2050, approximately 80% of the world's population
will live in urban areas (Chen, 2021). Cities are the primary settings in which crises occur, and identifying,
planning, and appropriately designing urban spaces are essential for prevention, response, and post-crisis
recovery (Ceferino et al., 2020; Faturechi and Miller-Hooks, 2023; Eriksson, 2023). Urban spaces should

provide multiple options for risk reduction.

Earthquakes are among the most destructive natural hazards, and the first step in crisis management is to
identify levels of vulnerability (Samadi et al., 2024). The current era can be characterized by increasing
urban vulnerability, which exposes settlements to natural, technological, and socio-security challenges
simultaneously (La Rosa and Martinico, 2013). Reducing vulnerability requires an understanding of socio-
spatial differences (Li et al., 2014), while optimal land-use planning is a key tool for risk assessment (Pan
and Wei, 2015; Pasman and Reniers, 2014).

Microzonation studies play a strategic role in predicting the local effects of geology, topography, and
seismic instabilities (Fabozzi et al., 2020) and help to safely locate critical facilities and improve design
standards (Patel et al., 2026). Assessing the vulnerability of structures and infrastructure is essential for
protecting national assets (Zona et al., 2025).

At the city level, Ahvaz has a high potential for geological hazards due to its location on the Karun alluvial
plain and its proximity to active faults and anticlines, such as the Ahvaz and Haftkel structures. Its physical
development has often occurred without sufficient consideration of geomorphological constraints
(Amanpour et al., 2020). Criteria such as soil texture, slope, elevation, groundwater level, and drainage are
key factors in determining suitable areas for urban development (Ameri, 2024). The Ahvaz Fault, which is
over 100 km long, is considered capable of generating earthquakes with magnitudes greater than 7, and its
associated seismic risk exceeds the thresholds defined by Code 2800; phenomena such as land subsidence
are also of concern (Rahmani et al., 2022). Vulnerability reflects the degree to which a system is susceptible
to harm and its capacity to anticipate, cope with, and recover from hazardous events (Mahmoudzadeh et
al., 2020).

The Ahvaz metropolis is among the vulnerable urban areas in the country due to its location on an alluvial
plain, the presence of the Karun River, an arid climate, heavy industrial activities, and high population
density. Its loose geological materials, gentle topographic gradients, and inadequate drainage exacerbate
the risks of flooding, subsidence, and infrastructure damage. To what extent is District 3 of Ahvaz
Municipality, as a densely populated urban area, vulnerable to environmental and geophysical hazards,
particularly seismic and structural hazards, and how is this vulnerability spatially distributed across its
infrastructure? This study aims to assess and microzone the vulnerability of urban infrastructure in District
3 of Ahvaz, with an emphasis on environmental and geophysical hazards, using spatial decision-making
models to identify critical zones and support urban resilience and sustainable development.

2- Material and methods

This study is applied-developmental in nature and employs a descriptive-analytical methodology based on
a combination of library research, field surveys, and spatial modeling. The required data were collected
through a comprehensive assessment of infrastructure within District 3 of Ahvaz, which provided the basis
for developing a spatial database. To achieve the research objectives, 562 infrastructure items were
identified through library research and expert surveys and categorized into four groups:

1. Special Infrastructure (Vital, Sensitive, and Important): Including telecommunications, power
supply systems, oil and gas storage and transportation facilities, banking and financial facilities, and
communication terminals and stations.

2. Emergency Services Infrastructure: Including hospitals and medical centers, police stations and
military garrisons, fire stations, rescue centers, and crisis management bases.

3. Public-Civil Infrastructure: Including hotels and guesthouses, parks, religious sites, schools and
training centers, and higher education institutions.

4. Managerial Infrastructure: Including the Municipality, Crisis Management Headquarters, and the
departments responsible for gas, water, electricity, and telecommunications.
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To assess proximity patterns, 14 layers representing environmental and geohazard factors affecting the
vulnerability of urban infrastructure in District 3 were identified. These layers included flood risk, distance
from the Karun River, industrial density, groundwater level, drainage networks, soil type, incompatible
land uses, medical centers, arterial roads, population density, green spaces, and sensitive urban centers.
Distances associated with each layer were calculated using the Distance tool in GIS. Subsequently, the
layers were weighted using a hybrid AHP-Fuzzy-GIS analytical approach. The resulting distance maps
were then standardized using the Fuzzy Membership tool. Finally, the Fuzzy Overlay tool in the Spatial
Analyst toolbox of ArcGIS was used to microzone safety buffers and assess the vulnerability of urban
infrastructure.

3- Results and discussions

3.1. Step 1: Assessing Proximity Patterns in Urban Infrastructure

The first step in assessing the vulnerability of urban infrastructure in District 3 of Ahvaz involved evaluating
proximity patterns. To this end, 14 influential layers—including warehouses, cultural and historical sites,
administrative and residential centers, industrial zones, law enforcement stations, arterial roads, healthcare
facilities, commercial hubs, municipal utilities, educational centers, green spaces, and religious sites—were
analyzed. Using the Distance tool in ArcGIS, proximity buffers were generated for each layer. This process
resulted in 56 specific maps representing the spatial relationships between hazard-related factors and
infrastructure categories. Although multiple spatial outputs were generated, this study focuses on the
integrated vulnerability of special-use infrastructure as a primary baseline.

3.2. Step 2: Standardization of Criterion Layers via Fuzzy Membership

Because the distance maps used different units and scales, Fuzzy Membership standardization was applied
to ensure consistency and flexibility in the analysis. All values were transformed into a continuous scale
ranging from 0 to 1, where 0 represents the highest level of compliance with proximity safety principles,
and 1 indicates the highest degree of non-compliance and vulnerability. For this standardization, various
fuzzy functions, such as “Small” and “Linear,” were assigned to the 14 layers based on their specific
influence on the four infrastructure categories. For example, sensitive sites such as warehouses and
industrial zones were assigned specific safety buffers (e.g., 500 m) to reflect their potential risk levels.
3.3. Step 3: Generating Fuzzy Factor Maps through FAHP-GIS

To determine the relative importance of each criterion, a Fuzzy Analytic Hierarchy Process (FAHP) was
employed. Expert opinions were utilized to conduct pairwise comparisons between the 14 environmental
and geohazard factors. This step was crucial in quantifying how each factor contributes to the vulnerability
of the 562 identified infrastructure points. By calculating the degree of importance using specialized
statistical relations and applying these weights to the standardized distance maps, 56 fuzzy factor maps
were produced. These maps provide a weighted spatial representation of risk, adjusted by the significance
of each land-use type from a passive defense perspective.

3.4. Step 4: Integration of Factor Maps for Infrastructure Categories

Following the weighting process, the fuzzy factor maps were integrated using Map Algebra and the Raster
Calculator. This integration allowed for the creation of composite vulnerability maps for each of the four
main infrastructure categories. The resulting raster layers represent the suitability—or lack thereof—of the
current infrastructure distribution in District 3 of Ahvaz. These maps highlight the areas where the
concentration of vital services overlaps with high-risk environmental zones, providing a preliminary spatial
understanding of urban vulnerability.

3.5. Step 5: Fuzzy Overlay and Final Micro-zoning of Safety Buffers

The final stage of the methodology involved synthesizing all previous findings into a single, comprehensive
output. Utilizing the Fuzzy Overlay tool with a Gamma operator (0.9), the weighted layers were merged to
produce the final micro-zoning map. As shown in Figure 1, this map illustrates the final micro-zoning of
safety buffers and urban infrastructure vulnerability in District 3 of Ahvaz. The analysis classifies the area
into five distinct vulnerability levels: Very High, High, Moderate, Low, and Very Low. This final spatial
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model allows for the precise identification of vulnerable assets within hazardous zones, offering a critical
decision-support tool for urban managers to enhance the city’s resilience and passive defense strategies.
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Fig. 1: Micro-zoning of Safety Buffers and Urban Infrastructure Vulnerability in District 3 of Ahvaz

4. Conclusion

Vulnerability in the urban environment signifies an inherent susceptibility to harm driven by physical,
biological, and design characteristics. This study analyzed District 3 of Ahvaz using a combined AHP-
Fuzzy-GIS model to microzone infrastructure vulnerability, ranging from highly vulnerable to low-risk
zones. Thematic results indicate that, for special-use infrastructure, law enforcement facilities have the
highest significance (0.099), while healthcare centers (0.103) are the most critical in the emergency services
category. For the public-civil and managerial sectors, industrial zones and commercial centers were
identified as the primary drivers of vulnerability. Spatially, the findings indicate that approximately 29.73%
of the district’s total area is classified as highly vulnerable, while only 6.85% has a very low vulnerability
status. Specifically, 47.89% of special-use, 54.95% of emergency, 50.33% of public-civil, and 45.55% of
managerial infrastructure are located in high-risk zones. This spatial distribution is largely influenced by
environmental stressors such as proximity to the flood-prone Karun River, inefficient drainage, and land-
subsidence risks associated with high groundwater levels and alluvial soils. Consequently, the central and

southern sectors-characterized by high population density and sensitive assets-face the greatest risk, with
healthcare and emergency services exhibiting the highest vulnerability levels. Ultimately, the
geomorphological fragility of Ahvaz, coupled with uneven urban expansion, has placed more than half of
its urban infrastructure in high-risk conditions. To mitigate potential environmental crises, future urban
planning should align with the region’s geomorphological capacity, prioritizing the relocation or protection
of sensitive infrastructure from floodplains and other high-risk zones. Adopting resilient development
strategies is essential to ensuring a safer and more sustainable urban future for Ahvaz.
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Table 1- Descriptive information of District 3 of Ahvaz Municipality
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Figure 1. Location of District 3 of Ahvaz Municipality
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Table 2- List of urban infrastructures in region 3 of Ahvaz city
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Table 3 - Extracted layers affecting the vulnerability of urban infrastructure in region 3 of Ahvaz city
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Table 5 - Pairwise comparison matrix of criterion layers in the vulnerability of urban infrastructure

Ahvaz city
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Figure 4. Neighborhood maps in the four infrastructures of region 3 of Ahvaz city
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Table 8- Vulnerability of urban infrastructure in Region 3 of Ahvaz city

Figure 5. Safety and vulnerability micro-zoning in urban infrastructure in Region 3 of Ahvaz city
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