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Objective: 'Given the rapid development of human societies and the increasing complexity
of their internal and external relationships, the management and planning of disasters and
their impact on human settlements has become essential. Given the growing vulnerability
of urban settlements to disasters, and the vital role of floods in natural ecosystems, this
study aims to identify the factors influencing flood vulnerability, and to assess the level of
vulnerability in different areas of Qazvin City by creating a flood hazard zoning map.'
Method: This applied-developmental study uses a descriptive-analytical method. First,
indicators influencing flood vulnerability were extracted through a review of reputable
scientific sources. Then, two main criteria — vulnerability and exposure — along with
related sub-criteria, were identified and analyzed. The Analytical Hierarchy Process (AHP)
was then used to assign weights to these criteria and sub-criteria. The relevant data were
then processed within a geographic information system (GIS). By integrating information
layers and applying the derived weights, flood hazard zoning maps were generated for
Qazvin city. The final output of this process was a flood risk zoning map identifying high-
risk areas in Qazvin city and proposing management strategies to reduce vulnerability.
Results: This study identified a set of variables for assessing flood vulnerability and
examined their impact. The analysis showed that the southern and western areas of Qazvin
are the most vulnerable to flooding, with a significant proportion of the city falling into the
high-vulnerability category. These findings highlight the urgent need for comprehensive
planning and the use of modern technologies for flood risk management. The referenced
technologies include advanced meteorological forecasting systems, GIS for precise zoning,
remote sensing for monitoring flood-prone areas, drones for assessing damage,
communication technologies for issuing timely alerts and machine learning algorithms for
more accurate flood prediction. These tools can effectively support the development of
comprehensive flood management and vulnerability reduction plans in at-risk areas.
Conclusions: Given Qazvin's location in flatlands and the impact of runoff from
precipitation, assessing vulnerability and managing flood hazards is essential. To minimize
potential damage, this study proposes measures such as reducing density near riverbanks,
renovating deteriorating urban areas, increasing street permeability and ensuring sensitive
land uses are properly located. These actions could significantly reduce the financial and
human losses caused by flooding.
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Introduction

The rapid growth of urbanization, combined with concentrated infrastructure development in
flood-prone areas, has made cities more vulnerable to natural hazards, particularly floods.
Human interventions, such as construction in river corridors, deforestation and unregulated
land use, have significantly disrupted natural systems. Consequently, urban settlements are
becoming increasingly susceptible to hydrological disasters. In addition to their ecological
impact, floods cause massive social and economic losses, ranking among the most destructive
natural disasters globally.

In recent years, urban sprawl along rivers and in low-lying areas, coupled with intensifying
rainfall due to climate change, has made flood management a critical concern in urban
planning and disaster risk reduction. Numerous studies have highlighted how increased
precipitation and extreme weather events, driven by climate variability, have overwhelmed
traditional infrastructure and planning methods. This has amplified the need for
comprehensive flood risk assessment models that integrate multiple physical, social and
environmental factors.

The present study therefore aims to identify and assess flood vulnerability in the city of
Qazvin using a hybrid GIS-AHP approach. Geographic Information Systems (GIS) enable the
spatial representation and integration of diverse datasets, while the Analytical Hierarchy
Process (AHP) facilitates the prioritization of risk factors based on expert opinion. These tools
help visualize and quantify vulnerability across urban districts and provide a strategic
foundation for targeted flood mitigation.

The research addresses knowledge gaps by creating a spatially informed flood
vulnerability model that accounts for socio-demographic characteristics, land use patterns,
urban infrastructure and emergency response readiness. The study aims to provide urban
managers, policymakers, and disaster risk experts with a practical framework for proactively
identifying risk zones, prioritising interventions, and implementing effective urban resilience
strategies.

Method

This applied-developmental study uses a descriptive-analytical approach. Firstly, a
comprehensive review of the scientific literature was conducted to identify the key indicators
that influence urban flood vulnerability. These indicators were then grouped into two main
categories: vulnerability and exposure. Each category consists of multiple sub-criteria,
including population density, building age and condition, access to critical services, proximity
to bodies of water, and emergency evacuation routes.

The Analytical Hierarchy Process (AHP) was then employed to allocate weights to each
criterion and sub-criterion based on expert judgements and pairwise comparisons. These
weights were calculated using Expert Choice software and subsequently assigned to spatial
data layers. A total of 21 spatial layers were created, including demographic indicators (e.g.
elderly and female populations, and disability rates), physical features (e.g. building
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conditions, infrastructure density, and proximity to rivers), and institutional variables (e.g. the
presence of schools, hospitals, and emergency services).

Each of these layers was standardized and classified using raster-based GIS processing.
Fuzzy logic and membership functions were then applied to ensure smooth transitions
between risk classes.

The layers were then aggregated into three major flood risk components: sensitivity,
adaptive capacity and coping capacity. Integrating these components resulted in vulnerability
maps being generated across Qazvin’s urban landscape.

This step-by-step process, from selecting indicators to producing the final vulnerability
zones, provides a replicable methodology for assessing urban flood risk. Not only does it
visualise where vulnerability is highest, it also supports informed decision-making for disaster
mitigation and resource allocation.

Results

The findings revealed that the southern and western regions of Qazvin exhibit the highest
levels of flood vulnerability. This is primarily due to a combination of socio-economic and
physical factors, including high population density, degraded urban infrastructure, proximity
to rivers and limited access to healthcare and emergency services. These areas also suffer
from low vegetation cover and narrow roads, which further constrains evacuation and
floodwater drainage.

In contrast, the northern districts of Qazvin, characterized by newer developments, broader
streets and more resilient infrastructure, fall into the low-to-moderate vulnerability categories.
These differences highlight the importance of planned urban expansion and infrastructure
investment in reducing flood risk. The vulnerability classification maps provide detailed
insights into each neighborhood’s exposure level.

Several vulnerability drivers stood out, including a high proportion of elderly and disabled
residents, old housing constructed using poor-quality materials, and dense clusters of social
service facilities (such as schools, clinics and kindergartens) located in flood-prone zones.
These findings emphasize the importance of integrating demographic and infrastructure data
into spatial risk models.

By generating classified maps of sensitivity, coping capacity and adaptive readiness, the
study provides a multi-layered understanding of flood risk. The final vulnerability map
enables planners to prioritize risk reduction measures in areas of greatest need and devise
localized strategies for short- and long-term preparedness and resilience.

Conclusions

The study demonstrates the value of integrating GIS and AHP for urban flood risk
assessment, offering a practical framework for identifying high-risk zones and prioritising
adaptive interventions. It confirms that flood vulnerability in Qazvin is highly spatially
variable and closely linked to socio-economic factors, land use and physical infrastructure.
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Unchecked development in flood-prone areas, combined with ageing infrastructure and
inadequate planning, significantly increases disaster risk.

To mitigate these risks, the study provides several actionable recommendations, including
relocating sensitive facilities such as hospitals and schools to safer zones, rezoning high-risk
land uses, promoting building renovations in dilapidated areas, enhancing drainage systems,
and improving public awareness and early warning systems. Additionally, developing open
spaces and strategically placing emergency shelters can significantly enhance urban resilience
during flood events.

The results also emphasize the importance of combining technical tools, such as GIS, with
participatory methods, such as expert input via AHP, to produce context-sensitive flood risk
maps. The hybrid model used not only identifies risk areas, but also supports evidence-based,
equity-focused long-term urban planning decisions.

Ultimately, this research provides a robust methodology for assessing flood vulnerability
that can be adapted for other urban areas in Iran and similar regions. Given increasing climate
uncertainty, rapid urban growth, and limited resources, this model provides a timely and
scalable approach to reducing flood-related damage and protecting urban populations.
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