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This study aims to elucidate the role of participatory planning in the effective and context-
aware implementation of Sponge City principles in the informal settlements of Mashhad,
adopting a sustainable urban water management approach. Utilizing a mixed-methods research
design (quantitative-qualitative), data were collected through a structured questionnaire
(sample of 420 residents), semi-structured interviews with urban managers and local
representatives, focus group discussions, and field observations in four selected informal
settlements of Mashhad (Khajeh Rabi, Ghal'eh Sakhteman, Seyedi, and Jaddeh Ghadim
Ghochan). Quantitative data were analyzed using SPSS and SmartPLS software, while
qualitative data were analyzed thematically using MAXQDA. Quantitative findings revealed
that the variables "Sustainable Water Management™ (path coefficient = 0.52) and "Public
Participation™ (0.41) had the greatest impact on the readiness for Sponge City implementation,
demonstrating higher importance compared to physical components such as "Green
Infrastructure” (0.21) and "Surface Water Drainage Systems" (0.29). Qualitative analysis
corroborated the pivotal role of institutional weaknesses, organizational fragmentation, lack of
local infrastructure, and, simultaneously, the presence of social capacity and willingness to
participate among residents. The overall conclusion of the research indicates that the success
of the Sponge City approach in informal settlements depends less on technical and physical
solutions and more on transforming urban water governance, institutionalizing genuine
participation of local stakeholders, and adapting interventions to the specific socio-institutional
contexts of these areas. This study provides an operational framework in which participatory
planning acts as an essential link between policymaking, technical design, and the sustainable
implementation of the Sponge City.
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Extended Abstract

Introduction

The rapid growth of global urban populations,
particularly in informal settlements, has
intensified urban water management challenges,
especially in arid and semi-arid regions. Cities
like Mashhad in Iran face dual crises of water
scarcity and urban flooding, exacerbated by
impervious surface expansion, institutional
fragmentation, and inadequate infrastructure.
Traditional top-down, technocentric water
management  approaches  have  proven
insufficient in addressing these complex socio-
environmental issues. In response, the Sponge
City concept has emerged as an integrated
framework emphasizing natural-based solutions
for absorbing, storing, purifying, and reusing
rainwater to enhance urban water resilience.
However, successful implementation of Sponge
City principles in informal settlements requires
more than technical interventions; it demands
participatory governance, institutional
coordination, and community engagement. This
study investigates the role of participatory
planning in facilitating the effective and
context-sensitive implementation of Sponge
City strategies in the informal settlements of
Mashhad, with a focus on sustainable urban
water management.

Methodology

This study employed a mixed-methods research
design, combining quantitative and qualitative
approaches to explore the interplay between
participatory planning, institutional
governance, and Sponge City readiness. Four
informal settlements in Mashhad—Khajeh
Rabi, Ghal’eh Sakhteman, Seyedi, and Jaddeh
Ghadim Ghochan—were selected through
purposive sampling based on hydrological,
socio-institutional, and physical criteria.
Quantitative data were collected through a
structured questionnaire administered to 420
residents, selected via stratified random
sampling. The survey instrument measured five
key constructs: public participation, sustainable
water management, green infrastructure,
surface water drainage systems, and Sponge
City implementation readiness. Reliability and
validity were confirmed through Cronbach’s
alpha, CVI, and CVR assessments. Qualitative
data were gathered through semi-structured

interviews with 15 urban managers and 20 local
representatives, two focus group discussions per
neighborhood, and field observations at 40 sites
in each settlement. Quantitative analysis was
conducted using SPSS 26 and SmartPLS 4 for
structural equation modeling (SEM), while
qualitative data were thematically analyzed
using MAXQDA. Integration of findings was
achieved through triangulation and validation
via expert and local stakeholder feedback.

Results and discussion

Quantitative analysis revealed that sustainable
water management (path coefficient f = 0.52)
and public participation (B = 0.41) had the
strongest positive effects on Sponge City
implementation readiness, surpassing the
influence of physical components such as green
infrastructure (f = 0.21) and surface water
drainage systems (B = 0.29). The model
explained 68% of the variance in readiness (R?2
= 0.68). Correlation analysis indicated
significant positive relationships among all
constructs, with the strongest correlation
between sustainable water management and
implementation readiness (r = 0.71). Qualitative
findings highlighted institutional weaknesses,
organizational fragmentation, lack of local
infrastructure, and limited technical capacity as
major barriers. However, they also underscored
the presence of untapped social capital, local
knowledge, and willingness to participate
among residents. Thematic analysis identified
four key themes: institutional participation
gaps, need for public education, infrastructure
deficits, and local social capacity. Integration of
quantitative and qualitative results suggests that
Sponge City success in informal settlements
depends less on technical solutions and more on
transforming water governance,
institutionalizing genuine participation, and
adapting interventions to local socio-
institutional contexts. These findings align with
international studies emphasizing participatory
governance and multi-level coordination as
prerequisites for sustainable urban water
management.

Conclusion
This study concludes that the implementation of
Sponge City principles in informal settlements
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is fundamentally a socio-institutional process
rather than a purely technical endeavor.
Readiness for Sponge City interventions in
Mashhad’s informal settlements is more
strongly influenced by the quality of water
governance and the degree of institutionalized
public  participation than by physical
infrastructure alone. The research provides an
operational framework in which participatory
planning acts as a critical link between
policymaking, technical design, and sustainable
implementation. To enhance Sponge City
effectiveness, policymakers should prioritize
institutional reforms, foster multi-stakeholder
coordination, and develop flexible, low-cost
interventions that leverage local social capacity.
Future research should adopt longitudinal
designs to assess long-term impacts on social
resilience, water security, and quality of life,

while also considering climate change and
demographic pressures. Ultimately,
transitioning from top-down, technocratic
approaches  to  participatory,  adaptive
governance is essential for achieving water-
sensitive and resilient urban development in
informal settlements.
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