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Abstract

In recent years, the use of green infrastructure has been considered as a new
approach in urban runoff management and climate change adaptation.
However, understanding the extent of environmental knowledge and how it
affects stakeholders' prioritization for implementing these infrastructures,
especially in semi-arid urban areas, is still limited. This study aimed to
investigate the relationship between stakeholders' environmental knowledge
and their priorities in implementing different types of green infrastructures
(including rain gardens, bio-retention cells, and vegetative swales) in
Darabad, Tehran. The research method was a survey-based questionnaire
distributed among representatives of governmental and non-governmental
organizations, the municipality, the academic community, and the private
sector. The results showed that the level of environmental knowledge has a
significant impact on stakeholders’ perceptions and preferences towards the
performance of green infrastructure ecosystem services. Stakeholders with
higher knowledge gave the highest priority to services related to runoff
reduction, groundwater recharge, and climate adaptation, while groups with
lower knowledge emphasized more on aesthetic and economic values. These
findings highlight the importance of education and capacity building among
stakeholders in the successful implementation of green infrastructure
strategies in urban semi-arid areas.
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1. Introduction
Rapid urbanization, land-use changes, and the expansion of impervious surfaces have significantly
increased the volume and intensity of urban runoff while reducing natural infiltration capacities in many
cities. In semi-arid regions such as Tehran, these challenges are exacerbated by climate variability, uneven
rainfall patterns, and the overexploitation of groundwater resources. In response, Green Infrastructure (GI)
has emerged as a sustainable, nature-based solution to urban runoff management by mimicking natural
hydrological processes and delivering multiple ecosystem services (Fletcher et al., 2015; Gomez-
Baggethun & Barton, 2013).
Despite the proven environmental and social benefits of Gl including stormwater regulation, groundwater
recharge, temperature moderation, and aesthetic enhancement, its large-scale adoption in developing
countries remains limited. Recent studies suggest that beyond technical and economic constraints,
stakeholders’ environmental knowledge and perceptions play a decisive role in shaping the acceptance and
prioritization of Gl strategies (Thorne et al., 2018; Meerow & Newell, 2017). Understanding how different
stakeholder groups (governmental, municipal, academic, private sector, and NGOs) perceive and value Gl
can provide critical insights for improving policy integration and practical implementation.
Accordingly, this study investigates the relationship between environmental knowledge levels and
stakeholders’ priorities regarding ecosystem services provided by GI in urban runoff management, using
the Darabad catchment in Tehran as a case study.

2. Research Methodology

This study employed a quantitative, survey-based approach targeting 45 key stakeholders involved in water
management, urban planning, and environmental decision-making within the Darabad sub-catchment of
northeastern Tehran. The participants were selected through purposive and snowball sampling methods to
ensure inclusion of diverse perspectives from governmental agencies, municipalities, academic institutions,
consulting firms, and NGOs.

Data were collected using a structured questionnaire consisting of four sections:

¢ Knowledge and awareness of environmental and water management concepts;

e Perceptions of the effectiveness of different Gl types (Bio-retention Cells, Vegetative Swales, Rain
Gardens);

e Assessment of positive and negative ecosystem services provided by Gl and

e Demographic and professional background information.

Responses were measured on a 5-point Likert scale ranging from “very low” to “very high.” Data analysis

was conducted using descriptive statistics. The validity of the questionnaire was confirmed through expert

review, and its reliability was assessed using Cronbach’s alpha. Descriptive statistics including mean,

median, frequency distributions were calculated to analyze stakeholder environmental knowledge and

perceptions. Python's pandas package ensured accurate results for these calculations. In the following, non-

parametric tests (Kruskal-Wallis H, Mann-Whitney U, and Tukey) were applied using scipy.stats.kruskal

and scipy.stats.mannwhitneyu, to examine relationships between demographic variables and response

variables, including environmental knowledge, ES supply, demand(Virtanen et al., 2020; Corder &

Foreman, 2009).
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3. Research Findings

Findings revealed that 95% of respondents were moderately to highly familiar with the concept of green
infrastructure, and 98% recognized its necessity for urban runoff control. However, the prioritization of
ecosystem services varied significantly across knowledge levels. Stakeholders with higher environmental
knowledge prioritized regulating and hydrological services such as runoff reduction, groundwater recharge, and
water quality improvement while those with lower knowledge levels emphasized cultural and aesthetic services.
Statistical analysis confirmed a strong positive correlation between environmental knowledge and prioritization
of regulating ecosystem services (Spearman’s r = 0.71, p < 0.01). The respondents ranked three GI types (rain
gardens, vegetative swales, and bio-retention cells) in their ability to provide 13 ecosystem services to determine

the relative contribution of each type of infrastructures to provide these services (Figure 1) .
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Figure 1. Heatmap of ES supply by rain gardens, bio-retention cells, and vegetative swale

According to results bio-retention cells have the highest rank in reducing the volume and peak runoff ,
improving water quality , collection and storage of groundwater and supplying groundwater , which reflects
the design of these structures with infiltration , filter , and vegetative cover layers (Kabisch et al., 2016;
Fletcher et al. , 2015). In contrast , the rain garden has gained great points for indicators such as improving
the quality of Aesthetic values, enhancing biodiversity , water storage and adjustment of environment
temperature and have a dual importance from the viewpoint of stakeholders both in terms of environmental
guality and hydrological function (Berland et al. , 2013). In general , water - related regulatory services are
at the highest level of importance (e.g., runoff and flood reduction is in the first place). These results suggest
strong consensus about the key role of reducing flood risk in the face of increasing risks arising from climate
change and urban development (Fletcher et al., 2015). Also collecting and storage of water and recharging
groundwater highlight the importance of water security in semi - arid urban textures .Services related to
mitigation of extreme heat events and reducing the effect of urban heat island are also important in the
upper half of the spectrum, although more dispersion is observed in the ratings ; a pattern that is consistent
with the evidence of the role of urban vegetation in promoting thermal comfort and climate resilience
(Bowler et al. 2010). The findings of this section indicate that independent of the organizational role or
activity sector , the stakeholders identify water - related ecosystem services as the main priorities of green
infrastructure ; so that the reduction in runoff and flood , collection and storage of groundwater for future
uses and the recharging of groundwater is almost important in all groups of stakeholders. This pattern is
restricted to semi - arid conditions of Darabad and the continuity of challenges related to water shortages
and the necessity of optimal management of limited resources ; a result is consistent with the findings from
Kabisch et al.(2016) regarding the importance of nature - based solutions in cities under water stress. Gomez
- Baggethun and(2013) have shown that valuation of ecosystem services in urban areas is influenced by
local environmental issues and stakeholders ' expectations and this has important implications for urban
planning and resilience strategies .
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4. Conclusion
The study highlights that environmental knowledge significantly influences how stakeholders perceive and
prioritize the functions of green infrastructure. Enhancing environmental literacy can thus play a pivotal
role in shifting stakeholder preferences from short-term aesthetic values toward long-term hydrological and
ecological benefits. For cities like Tehran, where water scarcity and flash floods coexist, such a shift in
perception is critical for sustainable urban water management.
To achieve this, policy efforts should focus on:
e Capacity building and education for municipal officials, engineers, and local communities to
deepen understanding of Gl functions;
e Institutional coordination among environmental, municipal, and water authorities to integrate Gl
into urban planning;
Securing financial mechanisms for operation and maintenance; and
¢ Designing context-specific GI systems that address local hydrological and social needs.

Ultimately, fostering environmental knowledge and collaboration among stakeholders can enhance the
social acceptance, technical effectiveness, and long-term sustainability of green infrastructure, contributing
to resilient and climate-adaptive urban environments in Iran and beyond.
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