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providing waste separation bins, involving the public in planning, considering local
conditions, and incorporating local patterns. Less significant indicators included
tree trunk protection for birds and open amphitheater design. Applying this
framework to the case studies revealed a divergence in sustainability performance.
The average number of indicators present in Tehran’s parks was 28 out of a total of
50, exceeding the defined sustainability benchmark. Conversely, the average for
Tabriz’s parks was 24 out of 50, falling below the established threshold. This
research helps address gaps in SUP design indicators and highlights the significance
of involving specialists and city managers in planning and implementation to
enhance sustainability.
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1. Introduction

The global urban population has grown from 30% in 1950 to 55% today, with predictions reaching 70% by
2050 [1]. Achieving city sustainability is critical to meeting the United Nations Sustainable Development Goals
(SDGs) by 2030. While rapid urbanization has enhanced living conditions and spurred economic growth [2], it has
also severely impacted global ecosystem health through habitat alteration and land conversion [3—7]. This growth,
driven by population concentration, industrial modernization, and pollution, has transformed regional ecosystems
and expanded urban footprints [8—10]. Forecasts suggest global resource consumption could escalate to 90 billion
tons in coming decades [11,12].

In response to these challenges, sustainable development has become a key strategy for addressing social,
economic, and environmental issues [13]. Urban green spaces and parks are vital in this endeavor, fostering
sustainability and optimizing urban management [14—16]. Sustainable spaces create a sense of place through well-
designed landscapes that promote well-being [17] and seek to eliminate negative environmental impacts by
reflecting the connection between humans and nature [18]. A sustainable park must maintain its ability to serve
the community at acceptable levels, which serves as a key criterion for evaluating success [19].

As crucial urban infrastructure, parks promote social interaction, physical and mental health, and reduce
pollution [17,20-22]. Their quantity and quality are fundamental to sustainable cities [23]. Sustainable Urban
Parks (SUPs), emerging in the late 1990s, are characterized by: (1) self-sufficiency in materials and maintenance,
(2) addressing broader urban challenges, and (3) establishing new aesthetic standards [24]. They incorporate
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ecologically appropriate plants, support biodiversity, and are designed to reduce environmental impact while
adapting to changing conditions, often providing co-benefits for health and well-being [25].

Despite their importance, previous research has not sufficiently focused on identifying the specific design
indicators of SUPs [26—31], resulting in a significant planning and design gap. This study seeks to fill this gap by
identifying the key planning and design indicators for Sustainable Urban Parks.

2. Literature Review

Urban parks are vital components of urban ecosystems, playing a crucial role in preserving ecological
balance, enhancing community well-being, and promoting sustainable city development [31]. Extensive research
affirms the strong correlation between urban green spaces and key sustainability outcomes, including public well-
being [26], the promotion of urban agriculture [27], equitable distribution of resources [28], and the achievement
of Sustainable Development Goals (SDGs) [29]. Furthermore, urban parks integrate the social, cultural,
environmental, and economic dimensions of sustainability, forming a core element of urban infrastructure and
design [32-34].

Internationally, several established frameworks provide benchmarks for evaluating urban sustainability.
Standards such as ISO 37120 (Sustainable Cities and Communities), which offers indicators for city services and
quality of life [35], the SITES rating system for sustainable land design [36], and LEED for Neighborhood
Development [37] offer comprehensive guidelines for assessing ecological, social, and economic performance in
urban landscapes. While these frameworks provide valuable foundational principles, their application often
requires adaptation to local environmental conditions, cultural contexts, and specific urban challenges, particularly
in developing countries [38].

The concept of Sustainable Urban Parks (SUPs) has evolved to address these needs, emphasizing self-
sufficiency in materials and maintenance, solving broader urban problems, and establishing new aesthetic
standards [24]. SUP design prioritizes native planting, habitat creation, and resource efficiency, contributing
significantly to urban sustainability [39—41].

However, a critical gap remains in the literature. While prior studies have focused on sustainable
management, community benefits, or environmental impacts of parks [16,42,43], there has been a notable lack of
research dedicated to identifying and systematizing the specific design indicators that constitute a SUP. This gap
is particularly evident in the context of developing countries, where localized indicators are essential for effective
planning and design.

The present study addresses this gap by identifying, prioritizing, and modeling design indicators for SUPs
through an urban sustainability lens. Our research aims to answer the following questions: What are the key design
indicators for SUPs, and how can they be applied to evaluate and enhance existing urban parks?

3. Methodology
3.1. Data Collection

3.1.1. Semi-Structured Interview

This research gathered primary data through 31 semi-structured interviews with subject matter experts. The
interviews began with broad, general questions designed to ease participants into the conversation, gradually
progressing toward the core research aim. Participants were encouraged to express their views freely, sharing
insights and perspectives on indicators related. Semi-structured interviews are recognized as a highly effective and
versatile method for obtaining in-depth information on targeted research topics. While guided by predefined
themes and questions, this approach retains flexibility, allowing the exploration of richer insights through follow-
up inquiries shaped by the interviewee’s responses [44—47]. This method has been effectively implemented in
various urban planning research studies [47-49]. It proves highly suitable for collecting diverse perspectives,
expertise, and experiences from professionals with different backgrounds pertinent to the study. A total of 31
interviews were conducted between 20 September 2024, and 20 October 2024. The face-to-face interviews lasted
between 10 and 18 min, while email responses were completed within a timeframe of one to two days.

3.1.2. Participants and Sampling Method

The target demographic for this research, as detailed in Table 1, includes professionals whose expertise aligns
with the research’s focus and goals. Adherence to standardized protocols is crucial when undertaking semi-
structured interviews to guarantee the acquisition of exhaustive data [47,50,51]. Research by [52] suggests that a
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minimum of 30 interviewees is necessary to gather dependable and comprehensive data. This research utilised the
snowball sampling technique, a powerful method for investigating hard-to-reach or concealed demographics. Ref.
[53] also highlights its usefulness in exploring sensitive topics and personal matters. The research employed this
sampling approach, prioritizing convenience and expediting access to diverse expert opinions [47,54]. Interview
participants were encouraged to suggest colleagues with similar expertise, aiding in the efficient recruitment of
additional specialists [44,47]. In summary, the study involved a two-stage interview process with 31 participants
from 6 specialized fields relevant to the research focus. Eligibility criteria required participants to be either
university faculty members or authors of publications in international academic journals.

Table 1. Demographics of research samples.

Row Expertise Gender Race Education Number

1 Urban Planners Male and female Iranian Master’s and Phd 7

2 Urban Designers Male Iranian Master’s and Phd 4

3 Landscape Architects Male and female Iranian Master’s and Phd 6

4 Landscape Engineers Male and female Iranian Master’s 5

5 Sociologists Male and female Iranian Master’s and Phd 5

6 Psychologists Male and female Iranian Master’s and Phd 4
Total i Percentage: Male (0.6) i Percentage: Master’s (0.3) 3

Percentage: female (0.4) Percentage: Phd (0.7)

3.2. Data Analysis Method

3.2.1. Validity and Reliability of Interviews

A validation process was carried out with the interviewees to ensure the credibility of the interviews. After
initially taking notes and coding the data, the findings were shared with participants for their confirmation [47,55].
To further evaluate the reliability of the interviews, the intra-subject agreement method was employed, involving
two coders. During the analysis, both matching and differing codes were thoroughly examined. Altogether, 33
codes were identified, including 11 matching ones and 4 non-matching ones, resulting in a reliability percentage
of 63%. As noted in prior research, a reliability score above 60% confirms the consistency of interviews [47,56,57]
(Table 2).

NSC) x 2
NSO x2

ATC =
TNC

100

ATC: Agreement of Two Coders
NSC: Number of Similar Codes
TNC: Total Number of Codes

Table 2. Calculation of the reliability percentage between two coders.

Interview Number Total Number of  Number of Similar Number of Non- Inter-Coder
Codes Codes Identical Codes Reliability
(D 19 6 3 63%
2) 16 5 1 62%
Total 35 11 4 63%

3.2.2. Reviewing Interviews and Identifying Indicators

Following the completion of the interviews, thematic analysis was employed to analyze the collected data.
This method aims to uncover patterns and themes within qualitative datasets [47,58,59]. The process differentiates
between semantic themes, which convey clear and explicit meanings, and latent themes, which delve into deeper,
underlying concepts [47,58,59]. Following Braun and Clarke’s six-step framework, the analysis process included
gaining familiarity with the data, generating initial codes, identifying and examining themes, refining their
definitions, and ultimately producing the final report [47,59,60]. By identifying these themes and through this
method, the development of key indicators for designing sustainable urban parks can be facilitated.
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3.2.3. Justification for MACTOR Method Selection

The MACTOR method was selected for this study due to its ability to analyze power relationships and
strategic alliances among different actors (in this case, sustainability indicators) within a complex system. Unlike
other Multi-Criteria Analysis (MCA) techniques such as AHP or TOPSIS, which focus primarily on ranking
options based on static weights, MACTOR dynamically models interactions and dependencies between criteria,
making it particularly suitable for capturing the multifaceted nature of urban sustainability indicators [47,61].

3.2.4. Rating Scale Rationale

The rating scale from —4 to +4 was adopted in accordance with the standard MACTOR methodology,
allowing experts to express not only the intensity of an indicator’s importance (positive values) but also its potential
negative impacts or conflicts (negative values). This range provides a nuanced assessment that captures both
facilitating and hindering roles of each indicator [47,61,62].

3.2.5. MACTOR Analysis Process

The next phase of the study employed MACTOR (Matrix of Tactics, Objectives, and Recommendations) to
analyze alliances and conflicts among actors. Developed by Michel Godet in 1991, MACTOR is a specialized
analytical tool that delves into power dynamics, focusing on the competitive stances and interactions between
stakeholders relative to their objectives. The methodology places particular importance on the relational influences
between actors, categorized as direct, indirect, or competitive [47,61,63]. Its versatility has been demonstrated
across a wide array of sectors, such as fisheries and aquaculture [64], agriculture and food systems [65], sustainable
development [66], higher education [67], renewable energy [68], government operations [69], creative industries
[70], telecommunications [71], tourism [72], and other fields [47,61,73].

The experts were ultimately asked to rate each indicator on a scale from —4 to 4, where 0 represented no
opinion, 4 indicated the highest score, and —4 represented the lowest score. Once the responses were collected, the
assigned scores for each indicator were averaged by experts specialized in the relevant field and then incorporated
into the actor-target matrix (expert-index and expert-sub-index) using MACTOR software [47,61,62]. This
procedure was repeated for all participating specialties in the study until the completion of the final actor-target
matrix (expert-indicators and expert-sub-indicators). Subsequently, the necessary analyses were conducted on the
matrix within the MACTOR software, leading to the final results being generated (Figure 1) [47,74-76].
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3.2.6. Data Transparency Statement

The full set of semi-structured interview questions, detailed coding logic, scoring criteria, and weight
assignment tables used in the MACTOR analysis are provided in Supplementary Materials (Supplementary S1 and
S2).

3.3. Study Areas

Tehran, located at 35°41’ North and 51°26' East, serves as the capital and largest city of Iran. Covering an
area of approximately 730 km?, its population density is estimated at 10,555 people per square kilometer, with a
growth rate of 4.1%. The city’s elevation ranges from 900 to 1800 m above sea level. The northern regions of
Tehran experience a cold and dry climate, while the southern areas are comparatively warm and dry. Annual
temperatures vary between 15 °C and 18 °C across the city, with localized fluctuations of around 3 degrees [77].

Tabriz, situated in northwestern Iran, serves as the political and economic hub of East Azerbaijan Province.
It ranks as the fourth-largest city in Iran, with a population of approximately 2 million and an area close to 245
km?. Renowned for its numerous industrial factories and rich cultural history, Tabriz plays a vital role in the
national economy and attracts significant tourist activity. At an average elevation of 1321 m above sea level, the
city features a semi-arid climate [78-81].

3.4. Park Selection and Field Observation Protocol

3.4.1. Park Selection Criteria

The selection of parks for evaluation was based on two primary criteria to ensure a focused and feasible
study: (1) Size: Parks larger than 1 hectare were selected to ensure they had sufficient space to incorporate a variety
of design indicators. (2) Accessibility and Prominence: Well-known urban parks in Tehran and Tabriz were chosen
to represent vital green spaces that serve a significant portion of the urban population. A total of 21 parks in Tehran
and 14 parks in Tabriz met these criteria.

3.4.2. Field Observation and Data Collection

Field observations were conducted to assess the presence or absence of the 50 identified indicators in each
park. The assessment was carried out through a combination of:

—  Direct Site Visits: The research team conducted structured site visits for accessible parks, using a checklist
based on the 50 indicators.

—  Verified Secondary Data: For parks that were not directly accessible, data were collected through
consultations with local experts and municipal officials who had detailed knowledge of the parks. These
experts were provided with the indicator checklist and their assessments were cross-verified for consistency
where possible.

The scoring was binary (presence = 1 point, absence = 0 points) for each indicator, resulting in a total
sustainability score out of 50 for each park.
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Figure 2. Study area location. The city boundary shapefile was sourced from publicly accessible GIS databases and refined by the authors to ensure spatial accuracy and alignment with official

administrative borders (accessed in 2024).
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4. Results

4.1. Thematic Clustering of Key Indicators

Analysis of expert interviews identified 50 key indicators for Sustainable Urban Parks (SUPs). These were
grouped into five thematic clusters based on MACTOR analysis and repetition frequency: (1) Ecological
Resilience, (2) Social Equity & Inclusivity, (3) Cultural & Aesthetic Quality, (4) Planning & Governance, and (5)
Economic Viability. Indicators related to Ecological Resilience (e.g., native plants, waste separation) and Social
Equity (e.g., public participation, accessibility) showed the highest repetition rates and expert consensus (Score:
24/24), while indicators in the Economic Viability cluster (e.g., attracting capital, local markets) showed greater
divergence (Table 3 and Supplementary S3).

Table 3. Thematic Clusters of Key SUP Indicators (Top 5 per Cluster).

Cluster Key Indicators Repetition  Agreement
Ecological Resilience Employing native plants 28 24/24
Increasing vegetation 26 24/24
Using waste separation bins 24 24/24
Utilizing water innovatively 21 24/24
Minimizing alterations to natural landforms 18 24/24
Social Equity & Inclusivity Encouraging public participation 23 24/24
Ensuring accessibility 18 24/24
Designing safe spaces 19 24/24
Attention to disabled needs 14 22/24
Attention to children’s needs 14 22/24
Cultural & Aesthetic Quality Incorporating local patterns/symbols 22 24/24
Using appealing colors 18 24/24
Avoiding complexity in design 18 24/24
Designing semi-public spaces with plants 17 23/24
Avoiding uniformity 7 22/24
Planning & Governance Designing for climate change adaptation 19 24/24
Focusing on theme parks 19 24/24
Considering local conditions 22 24/24
Planning for clearing roads 5 22/24
Designing multipurpose spaces 5 22/24
Economic Viability Developing infrastructure to attract capital 19 24/24
Using environmentally friendly materials 21 24/24
Designing spaces for local markets 2 20/24
Utilizing solar panels 15 22/24
Using recycled materials 12 22/24

4.2. Net Distance between SUPs and Convergence between Experts

The MACTOR analysis revealed strong convergence among experts on the importance of core ecological
and social indicators (Net Distance: <5). The highest expert consensus was observed among urban planners and
designers (Convergence Score: 190/200), while psychologists and sociologists showed slightly lower agreement
(178.5/200). Indicators such as tree trunk protection for birds and open amphitheater design showed the weakest
convergence with other indicators, suggesting their perceived niche applicability (Figure 3, Supplementary S4—
S6).
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Figure 3. Net distance between SUPs.

4.3. Application of the Proposed Indicators to the Existing Parks

Evaluation of 35 parks in Tehran and Tabriz using the indicator framework revealed significant disparities.
Parks in Tehran outperformed those in Tabriz, with an average score of 28/50 versus 24/50. Einali Mountain Park
and Lavizan Forest Park scored highest (38/50), while Tabriz City Garden and Honarmandan Park scored lowest

(20/50).

Critically, no park implemented key indicators like:

—  Waste separation bins

—  Public participation in planning
—  Surface water collection tanks

—  Recycled material usage

—  Plant introduction boards (Supplementary S4 and S5, Table 4, Figures 4 and 5).

Table 4. Results of applying the indicators in the urban parks explored.

Tehran Tabriz Total
Park number 21 14 35
Highest score 38 38 -
Lowest score 20 20 -
Frequent score 27 and 29 21 -
Average score 28 24 26
Number of high-frequency indicators 27 23 29
Number of low-frequency indicators 18 19 21
Average area (ha) 142 141 141/5
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Figure 4. Plans of urban parks explored in Tabriz.

26: Chitgar Park

15

28: Saei Park

oSt £ A58 =5
33: lrannlan Garden 34: Honarmandan Park

hjoo Park

bon) et

30: Mellat Park 31: City Park

0 550.000100.000 2200000  3.300.000 4.‘003&0 35: Niavaran Park
—— ers

Figure 5. Plans of urban parks assessed in Tehran.

4.4. Key Implementation Gaps

The largest implementation gaps were observed in:

1. Participatory Planning: No park involved citizens in design/planning.
2. Resource Management: Absence of water/energy innovation (e.g., solar panels, water tanks).
3. Inclusive Design: Limited attention to needs of disabled, elderly, and children.
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4.  Economic Sustainability: Minimal use of recycled materials or capital-attraction infrastructure.

Tehran parks prioritized ecological and planning indicators, while Tabriz parks lagged particularly in social
and economic dimensions.

5. Discussion

5.1. Thematic Interpretation of Key Findings

This study identified 50 design indicators for Sustainable Urban Parks (SUPs), with 17 emerging as the most
critical based on expert consensus, repetition frequency, and convergence in MACTOR analysis. The findings
reveal that experts prioritize ecological resilience and social inclusivity indicators (e.g., native plants, public
participation, accessibility) over purely aesthetic or economic ones. This aligns with global trends emphasizing
nature-based solutions and community-centric design in urban sustainability [82,83]. The strong convergence
among urban planners and designers (Score: 190/200) underscores the professional emphasis on functional and
ecological aspects, while slightly lower consensus among sociologists may reflect divergent priorities in social
equity implementation.

5.2. Comparative Analysis with Literature and Global Frameworks

Our results demonstrate significant alignment with international SUP research while highlighting context-
specific priorities for Iranian cities:

—  Ecological indicators (e.g., native plants, waste separation) consistently emerge as priorities across global
studies [43,84] and frameworks like SITES [36], though their implementation in Iranian parks remains
limited.

—  Social participation—absent in all studied parks—is increasingly recognized as critical for sustainable park
management globally [42,85], suggesting a key gap in Iranian practice.

—  Cultural integration (e.g., local symbols) resonates with place-making theories [30] but remains underutilized
compared to ecological features.

5.3. Contextualizing Implementation Gaps

The evaluation of 35 parks revealed critical implementation gaps:

—  No park employed participatory planning, water recycling, or recycled materials. This starkly contrasts with
the emphasis placed on such practices in international sustainability frameworks like LEED-ND [37] and
ISO 37120 [35], highlighting a significant area for improvement in local practice.

—  Tehran parks outperformed Tabriz in ecological and planning indicators, possibly due to greater resources
and technical capacity.

—  The absence of design features for marginalized groups (e.g., disabled, elderly) observed in this study points
to a common prioritization challenge in urban development, where resources may be focused on basic
infrastructure before addressing nuanced social equity needs.

5.4. Limitations and Research Implications

This study has several limitations:

1. Geographical focus on two Iranian cities limits generalizability.

2.  Expert-centric approach may overlook citizen perspectives (particularly marginalized groups).

3. Methodological constraints: The 63% inter-coder reliability, while acceptable, suggests interpretive
variability in qualitative analysis.
Future research should:

—  Validate these indicators through citizen surveys and multi-city comparisons.

—  Develop quantitative metrics for each indicator (e.g., specific thresholds for “sufficient vegetation”).

—  Explore integration pathways with municipal regulations and certification systems (e.g., local adaptations of
SITES).

5.5. Practical Applications and Policy Recommendations

To bridge the implementation gap, we recommend:
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1.  Prioritizing high-impact, low-cost indicators (e.g., waste separation bins, native plant zones) in municipal
park guidelines.

2. Mandating participatory design processes for new park projects.

3. Developing a SUP certification system for Iranian cities, integrating global standards with local priorities
identified here.

6. Conclusions

This study developed a comprehensive framework of 50 design indicators for Sustainable Urban Parks
(SUPs) through expert interviews and MACTOR analysis. The findings highlight that ecological resilience and
social inclusivity are the foremost priorities for experts, providing a validated, context-aware toolkit for urban
planners and landscape architects in Iran.

The primary contribution of this work is the localization of global sustainability principles into actionable
indicators tailored to the environmental and cultural context of Iranian cities. The application of this framework
revealed critical implementation gaps, particularly in participatory planning and resource management, offering
clear directions for municipal policy and park design practice.

Ultimately, this research provides a foundational step toward creating urban parks that are not only
ecologically functional but also socially vibrant, contributing to more sustainable and livable urban environments.

Supplementary Materials

The additional data and information can be downloaded at: https://media.sciltp.com/articles/others/2510171
604484431/UBS-2508000255-SI-1016.pdf.  Supplementary S1: Semi-structured Interview Questions.
Supplementary S2: Coding Logic and Themes. Supplementary S3: Total repetition and importance of SUP
indicators. Supplementary S4: The degree of convergence between actors (experts). Supplementary S5: Net
distance between actors (experts). Supplementary S6: The convergence of an actor with other actors.
Supplementary S7: The final model of SUP planning and design indicators extracted from ATLAS.ti software.
Supplementary S8: Status of SUP indicators.
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