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The sponge city approach, as a new paradigm in sustainable surface water management, is a
strategic response to the challenges arising from accelerated urban development and changes
in the natural hydrological cycle. The present study is a descriptive-analytical study following
a strategic analysis of the sponge city approach for zoning areas susceptible to green
infrastructure development in the city of Zanjan. The research indicators are in two categories:
objective statistical data that were extracted and analyzed in the form of a map, and GIS
analyses. The second is subjective data in the form of sponge city components, including 4
welfare-cultural components: supporting, regulating the city ecosystem, and productive. For
data analysis, the fuzzy overlap technique in the GIS environment, the one-sample T-test with
SPSS software and the Structural Equation Modeling with SmartPLS software were used. The
research findings show that 40% of the city area (mainly in the southern and southwestern
regions) is located in areas with high and very high priority for flooding. These critical areas
are mainly characterized by a slope of less than 5 percent, a high density of hard tissue (more
than 60%), and a distance of more than 500 meters from the main waterways. Thus, the
concentration of critical flood hotspots is in the southern and southwestern regions of the city.
Also, the production components with a coefficient of 36.83 and the support components with
a coefficient of 41.32 are in a relatively favorable state. On the other hand, according to the
structural equation model analysis, the welfare-cultural component with a path coefficient of
3.356 has the largest contribution to explaining the sponge city in Zanjan. Overall, realizing a
sponge city in Zanjan requires a serious determination to transform integrated surface water
management, redesign urban spaces based on permeability patterns, and combine technical
solutions with improving cultural-welfare indicators.
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Extended Abstract

Introduction

The Sponge City approach, as a modern
paradigm in sustainable stormwater
management, serves as a strategic response to
the challenges posed by rapid urban
development and the alteration of natural
hydrological cycles. By leveraging Blue-Green
Infrastructures (BGI) and Nature-Based
Solutions (NBS), this approach strengthens
urban resilience against flooding and
waterlogging, improves citizens' quality of life,
and preserves the health of urban ecosystems.
Emphasizing the use of "green
infrastructures"—such as green roofs, rain
gardens, and infiltration basins—the Sponge
City concept aims to mimic the natural water
cycle by facilitating infiltration, storage,
filtration, and evapotranspiration at the source,
thereby increasing urban resilience.
Consequently, "the design of sponge cities with
a rainwater absorption and retention approach
can contribute to improving residents' quality of
life and preventing pollution. The significance
of this lies in mitigating the negative impacts of
water crises and enhancing urban resilience™
(Jamshidi, 2024: 1). Generally, the Sponge City
approach is designed for the protection,
sustainable management, and ecological
restoration of ecosystems against environmental
damage (Oral et al., 2020: 112-136).
Considering spatial characteristics and aiming
to utilize existing potentials (such as green
spaces) while reducing vulnerable points (such
as flood bottlenecks), this research undertakes
the zoning of areas suitable for implementing
Sponge City solutions to leverage existing
natural and man-made capacities for enhancing
the hydrological resilience of Zanjan within the
framework of passive defense.

Methodology

This study employs a descriptive-analytical
method to conduct a strategic analysis of the
Sponge City approach for zoning areas suitable
for green infrastructure development in Zanjan.
The research indicators are categorized into two
groups: first, objective statistical data extracted
and analyzed as maps via GIS analysis; and
second, subjective data in the form of Sponge
City components, which include four
dimensions: Socio-cultural, Supportive, Urban

Ecosystem Regulator, and Productive. Data
analysis was performed using Fuzzy Overlay
techniques within a GIS environment, One-
sample T-tests in SPSS software, and Structural
Equation Modeling (SEM) using SmartPLS
software.

Results and discussion

An examination of the "Urban Street Network"
map reveals its role as a secondary artery for
runoff collection and a primary factor in surface
water permeability in sponge cities. The high
density of the street network in the central and
northern parts of the city generates a massive
volume of runoff, injecting it into the main
system. Unlike the surface water conveyance
systems in other sponge cities, these streets in
Zanjan function as rapid conveyance channels
toward the southern part of the city. The analysis
of the "Urban Watercourse and Flood Network"
map, representing Zanjan's natural drainage
system, indicates that flood paths align closely
with the city's natural slope lines. Areas where
the flood network undergoes sharp directional
changes or convergence represent critical points;
the efficiency of surface water conveyance and
drainage heavily depends on these bottlenecks.
During heavy rainfall, these areas occasionally
fail to fulfill their primary roles, leading to
waterlogging and runoff diversion into the
streets. An analysis of the "Urban Soft and Hard
Scape" map shows that the "soft scape” (areas
without concrete or asphalt cover) allows for
rainfall infiltration. These infiltration systems are
primarily located in the south, east, and west of
the city, while the center and north of the city act
as impervious surfaces, built-up areas, and
asphalted pathways, characterized by high
population density and urban sprawl, are less
resilient than other urban fabrics, making them
highly susceptible to flooding and waterlogging.
An analysis of the city's waterlogging
susceptibility map during heavy rainfall indicates
that the southern and southwestern regions are
predominantly prone to flooding. These areas
coincide precisely with the downstream points of
the water conveyance system and regions with
gentle slopes. Consequently, the areas where the
highest number of drainage lines converge are
identified as the red zones of waterlogging.
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Accordingly, based on the final mapping, the
southern part of the city has been identified as
the primary critical hotspot due to its position in
the downstream of the catchment area, the
convergence of torrents and water conveyance
channels, gentle slopes (less than 5%), and high
density of impervious built-up surfaces.
Additionally, the central areas are ranked as
high priority for flooding, primarily due to the
compactness of the built environment, their
distance from the main torrent networks, and the
deterioration of the street and drainage
networks.

Qualitative evaluation of the indicators reveals
that while the productive components, with a
mean of 3.38 and a t-value of 36.83, and the
supportive components, with a mean of 3.02 and
a t-value of 41.32, are in a relatively favorable
state, the socio-cultural and urban ecosystem
regulator components, which play a key role in
long-term sustainability, fall short of the desired
status.  Furthermore, Structural Equation
Modeling (SEM) corroborates that the socio-
cultural component, with a path coefficient of
3.356, holds the greatest contribution to
explaining the "Sponge City" concept in Zanjan.
In aggregate, it can be inferred that realizing a
Sponge City in Zanjan requires a dual focus on
enhancing socio-cultural capabilities and

strengthening ecological infrastructures. These
two dimensions can act synergistically to foster
the sustainable and resilient development of
Zanjan against hydrological and environmental
challenges.

Conclusion

Achieving a Sponge City in Zanjan necessitates
a serious commitment to transforming
integrated stormwater management,
redesigning urban spaces based on permeability
patterns, and integrating technical solutions
with the enhancement of socio-cultural
indicators. Only through this integrated
approach can Zanjan be transformed into a
flood-resilient city that not only manages
hydrological threats but also enhances the
quality of life for its citizens.
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