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Highlights

- Urban public transport projects face numerous technical, financial, and environmental—-regulatory risks that affect their performance.
- Financial risks have the greatest negative effect on the performance of public transport construction projects in the city of Karaj, and
the main challenges include resource constraints, tendering costs, and inaccurate cost estimation.

- The performance of public transport projects plays a key mediating role in the relationship between risks and the quality of access
to public spaces.

- Improving the performance of the public transport network, especially the urban bus network, has a very strong impact on enhancing
the quality of access to public spaces.

- Effective management of project risks can indirectly but significantly improve the quality of citizens’ access to urban public spaces.

he results indicate that financial risks have the greatest negative impact | Received 14/12/2025
on the performance of public transport projects, and factors related | Revised 11/02/2026
to financial constraints, bidding costs, and inaccurate cost estimation are | Accepted 25/02/2026

considered the main challenges. Technical risks also have a significant | Available Online  21/06/2026
negative effect on project performance, but their intensity is lower than
that of financial risks. The findings further showed that the performance of
public transport projects has a positive and very strong effect on the quality

of access to public spaces, with the performance of the urban bus network | risk management

having the highest influence. Moreover, it was revealed that the three | publictransport infrastructure
categories of risks cannot directly explain the quality of access, but through | projects

reducing project performance, they exert an indirect yet fully significant | quality of access to public
effect on it. These results indicate that the performance of public transport | spaces

projects is a critical mediating link in the relationship between risks and | structural equation modeling
access quality, and effective risk management can play a decisive role in | @Y

improving citizens’ access to public spaces.
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ntroduction: Rapid urbanization over recent decades has intensified pressure on cities, making the need
Ifor a systematic and evidence-based focus on urban construction projects more evident than ever. Such
projects including road networks, service infrastructure, public spaces, and, in particular, public transport
systems play a decisive role in residents’ quality of life, the functional efficiency of urban structure, and
the formation and reinforcement of public-space identity. In practice, the quality of these interventions
influences not only physical connectivity but also everyday experiences of inclusion, comfort, and usability
in public environments.
Among different types of urban construction projects, public transport projects occupy a special position
because they are directly related to mobility, the efficiency of the road network, and citizens’ access to public
spaces. Public transport performance can shape how easily residents reach parks, plazas, civic facilities, and
service centers, thereby affecting the practical value and social vitality of public spaces. Numerous studies
have shown that improved public transport performance is associated with higher accessibility quality of
public spaces, primarily by reducing travel time, expanding spatial coverage, and supporting more equitable
access opportunities. On the other hand, research has also indicated that the success of public transport
projects is strongly influenced by the early identification and effective management of potential risks,
as risks can disrupt schedules, increase costs, reduce implementation quality, and ultimately undermine
intended accessibility outcomes.
To date, existing studies have largely addressed either the relationship between public transport projects
and accessibility quality, or the relationship between risk identification and the performance of public
transport projects. However, no study has investigated how different categories of risks collectively shape
the accessibility quality of public spaces through the development and performance of public transport
systems. Accordingly, the aim of the present study is to identify the types of risks associated with public
transport projects in improving the accessibility quality of urban public spaces. For this purpose, the city
of Karaj was selected as the case study. Due to its rapid population growth and proximity to Tehran, the
development of sustainable transport in this city is of particular importance, and understanding risk—
performance—access linkages can provide practical implications for urban project delivery. Therefore, the
present research seeks to examine the following hypotheses:
Identifying technical risks has a significant effect on the accessibility quality of urban spaces through the
performance of public transport projects.
Identifying financial risks has a significant effect on the accessibility quality of urban spaces through the
performance of public transport projects.
Identifying environmental and regulatory risks has a significant effect on improving the performance of
public transport projects.
The performance of public transport projects (metro, BRT, and express bus) has a significant effect on the
accessibility quality of urban spaces.

aterials and Methods: The aim of the study is to identify the types of risks associated with
|VI public transport projects in improving the quality of access to urban public spaces. The present
research simultaneously examines the effects of technical, environmental and legal, and financial risks
on the quality of public spaces through the performance of transport projects. Accordingly, structural
equation modeling (SEM) using SmartPLS software is employed in this study. This method is suitable for
prediction-oriented models and exploratory studies involving latent variables. The research variables and
indicators were extracted through theoretical studies. Technical, financial, and environmental and legal
risks were identified as independent variables. The performance of public transport projects was also
considered as the mediating variable. The quality of access to public spaces was identified as the dependent
variable. Based on the conceptual model of this research and the number of structural paths related to the
mediating variables, the required sample size was estimated at 59 participants; however, to ensure greater
reliability, the questionnaire was administered to 70 participants. Accordingly, a structured questionnaire
was designed and distributed among qualified experts in the Karaj Municipality who had direct knowledge
of or participation in active construction projects.
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indings: The structural equation modeling (SEM) results support both the main and sub-hypotheses
Fof the study. Specifically, the analysis indicates that technical risks and financial risks exert statistically
significant effects on the quality of access to urban public spaces through the performance of public
transport projects. This suggests that higher levels of technical and financial risk are associated with
changes in project performance, which in turn translate into changes in access quality. Environmental—
regulatory risks also demonstrate a statistically significant effect on improving the performance of public
transport projects, indicating that this category of risk is meaningfully linked to project performance
within the proposed model. Moreover, the performance of public transport projects covering the metro,
BRT, and express bus systems was found to have a statistically significant effect on the quality of access
to urban spaces, underscoring the central role of project performance in shaping accessibility outcomes.
With respect to mediation, the findings show that public transport project risks influence the quality
of access only indirectly, operating through the mediating mechanism of project performance. In other
words, none of the three risk categories directly explains variations in access quality; instead, their impacts
are fully and significantly transmitted via public transport project performance. This confirms the critical
mediating role of project performance in transferring risk-related effects to accessibility outcomes and
highlights project performance as the key pathway through which risk exposure ultimately affects the
quality of access to urban public spaces.

iscussion and Conclusion: The present study showed that financial risks including difficulty
Din assessing private-sector creditworthiness, municipal financial constraints, high tendering costs,
inaccurate estimation of operating costs, and incorrect forecasting of project performance indicators
have the greatest negative effect on the performance of public transport projects in Karaj. An increase
in these risks directly leads to slower progress, reduced execution quality, and greater delays in project
commissioning, and this finding is consistent with previous studies (Gad et al., 2022; Joshi et al., 2022;
Qi et al., 2025; Zou et al., 2007). In Karaj, the high dependence of projects on central government and
municipal budgets, severe economic fluctuations, liquidity constraints, and structural delays in credit
allocation have made the effect of financial risks more pronounced than that of other types of risks.
In contrast, technical risks including equipment failure, system complexity, design errors, and inadequate
maintenance have a smaller yet still significant negative effect on project performance, which may be
attributable to the gradual implementation of projects and the use of relatively familiar and less complex
technologies (Liu et al., 2021; Erdogan & Kayam, 2024; Qi et al., 2025; Flyvbjerg, 2014). It was also found
that the performance of public transport projects has a positive and very strong effect on improving the
quality of access to public spaces, and among these, the performance of the urban bus system shows
the greatest effect (Pineda & Lira, 2019; Foth et al., 2013). In addition, permeability is most affected
by the performance of public transport projects, and improved network performance facilitates spatial
continuity and access to public spaces (Guo et al., 2020; Curtis & Scheurer, 2017).
Finally, the results of the indirect paths showed that risks in public transport projects do not directly
explain the quality of access to public spaces; however, through project performance they produce a fully
significant and strong effect. Therefore, project performance is the key mediating link in the relationship
between risks and the quality of access.
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- Urban public transport projects face numerous technical, financial, and environmental-regulatory risks that affect their performance.
- Financial risks have the greatest negative effect on the performance of public transport construction projects in the city of Karaj, and
the main challenges include resource constraints, tendering costs, and inaccurate cost estimation.

- The performance of public transport projects plays a key mediating role in the relationship between risks and the quality of access
to public spaces.

- Improving the performance of the public transport network, especially the urban bus network, has a very strong impact on enhancing
the quality of access to public spaces.

- Effective management of project risks can indirectly but significantly improve the quality of citizens’ access to urban public spaces.

he results indicate that financial risks have the greatest negative impact | Received 14/12/2025
on the performance of public transport projects, and factors related Revised 11/02/2026
to financial constraints, bidding costs, and inaccurate cost estimation are Accepted 25/02/2026

considered the main challenges. Technical risks also have a significant | Available Online 21/06/2026
negative effect on project performance, but their intensity is lower than
that of financial risks. The findings further showed that the performance of
public transport projects has a positive and very strong effect on the quality

of access to public spaces, with the performance of the urban bus network | Risk management

having the highest influence. Moreover, it was revealed that the three | publictransport infrastructure
categories of risks cannot directly explain the quality of access, but through | projects

reducing project performance, they exert an indirect yet fully significant | auality of access to public
effect on it. These results indicate that the performance of public transport | spaces

projects is a critical mediating link in the relationship between risks and | structural equation modeling
access quality, and effective risk management can play a decisive role in | @@t

improving citizens’ access to public spaces.
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