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Abstract

Rapid urban development and the increase in impervious surfaces in Zanjan City, as in many other urban areas,
have reduced resilience to flood hazards and placed significant strain on traditional drainage systems. Given the
increasing trend of extreme weather events and their disproportionate impacts on vulnerable communities, purely
engineering-based approaches are no longer sufficient to address the challenges posed by climate change. In this
context, the principles of sponge cities—offering multifunctional environmental, ecological, social, and economic
benefits—are considered effective tools for enhancing urban resilience against floods and other climate-related
hazards.This article employs an analytical-exploratory method to examine the role of sponge city components in
enhancing urban resilience to flood hazards in Zanjan City. Data collection was carried out through field surveys
and library research. The statistical population was selected using a fuzzy Delphi analysis involving 30 urban
planning experts from academic institutions. Data analysis was conducted using Structural Equation Modeling
(SEM) and path analysis in SmartPLS software.The results indicate that the highest factor loadings among sponge
city indicators are: rainwater infiltration into the ground (0.911), rainwater filtration (0.962), reduction of peak
river flow (0.922), and preservation of natural hydrological processes (0.936). Regarding urban resilience, the
highest factor loadings correspond to population at risk (0.979), ratio of large to small businesses (0.919), shelter
capacity (0.979), and urban environmental health (0.974). Moreover, based on the structural equation model, green
spaces, restoration of natural waterways, and permeable pavements have the most significant and positive impacts
on urban resilience. Additionally, social and institutional-infrastructural resilience dimensions exhibit the highest
levels of influence.
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Extended Abstract

Introduction

Rapid urban development and the expansion of
impervious  surfaces—such as asphalt and
concrete—have significantly reduced the land’s
natural ability to absorb and store rainwater. This
situation has increased surface runoff, overburdened
traditional drainage systems, and elevated the risk of
urban flooding. Additionally, urbanization has
amplified the wvulnerability of cities to climate
change impacts. Zanjan city, like many others,
suffers from traditional grey infrastructure that
cannot sufficiently handle the growing frequency
and intensity of extreme weather events. In this
context, the concept of the “sponge city” has
emerged as a multifunctional and resilient approach
that manages rainwater through absorption, storage,
filtration, and reuse. This study aims to identify the
most effective sponge city components in enhancing
Zanjan’s urban resilience against flood hazards.

Methodology

This research is applied in purpose and mixed
in  method, combining qualitative and
quantitative approaches. In the qualitative
phase, influential sponge city components were
identified through literature review and a fuzzy
Delphi method involving 30 urban planning
experts. For sampling, availability and expertise
criteria were considered. In the quantitative
phase, the structural equation modeling (SEM)
technique and path analysis were employed
using SmartPLS software to evaluate causal
relationships between components and urban
resilience. The reliability of the instruments was
confirmed by Cronbach’s alpha coefficients
above 0.7. Across two Delphi rounds, 33
sponge city components were validated with
fuzzy weights above the 0.7 threshold, and their
impacts on social, economic, institutional-
infrastructural, and environmental resilience
were analyzed.

Results and discussion

Confirmatory factor analysis showed that
components such as green spaces and natural
stream restoration (impact coefficient = 0.556),
permeable pavements (0.466), artificial
wetlands and ponds (0.366), and biological
retention systems (0.239) have the most
significant positive and meaningful effects on

urban resilience. Specifically, green
infrastructure features—such as preserving
hydrological processes, maintaining runoff, and
providing recreational spaces—played a crucial
role in resilience building.
Among urban resilience indicators, the most
influential social variables were “population at
risk” (0.979) and “family structure” (0.914). In
the institutional-infrastructural domain, “shelter
capacity” (0.979) and “arterial road network
density” (0.949) had high factor loadings.
Economic resilience was mainly influenced by
“large-to-small business ratio” (0.919) and
“access to reconstruction loans” (0.904), while
environmental resilience was most affected by
“urban environmental health” (0.974) and
“public participation in sanitation” (0.962).
All path coefficients between sponge city
components and urban resilience were positive
and statistically significant (p < 0.05). Among
the dimensions of resilience, social (B = 0.500)
and institutional-infrastructural (B = 0.446)
resilience were the most affected by sponge city
elements.

Conclusion

This study confirms that integrating sponge city
principles into urban planning provides an
effective strategy for enhancing resilience
against climate-related hazards, especially
floods. Key findings indicate that expanding
green infrastructure, restoring waterways,
implementing permeable surfaces, and utilizing
natural filtration systems significantly improve
resilience. Furthermore, strengthening social
and institutional ~ dimensions—such  as
community awareness, education, family
support systems, and emergency
infrastructure—proves essential in urban
adaptation. Policymakers are recommended to
prioritize sponge city principles in development
plans to support long-term climate resilience
and sustainable water management. Emphasis
on decentralized, eco-friendly solutions can
complement large-scale infrastructure, reduce
urban vulnerability, and improve overall
livability, public health, and environmental
sustainability.
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