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Abstract

Introduction: Health, Safety, and,Environment (HSE) assessments of urban parks have traditionally relied on performance-
orientedindicators while largely-@verlookingthe influence of decisionuncertainty and infrastructure -relatedrisks. Consequently,
conventional multi-criteriadecisionsmaking (MCDM) approaches may produce rankings that inadequately reflect the actual HSE
status of urban public spaces, particularly when expert-based weighting schemes and heterogeneous field data introduce
uncertainty into the evaluation process. Addressing this limitation requires assessment frameworks capable of integrating
performance, risk, and decision robustness within,a unified decision-support structure. Accordingly, this study proposes an
Integrated Health, Safety and Environment ‘Uneertainty Index (IHSE-UI) that explicitly incorporates uncertainty into HSE
evaluation and provides a more reliable basis forprioritizing urban park management interventions.

Materialsand Methods: The proposed framework was applied to 11 urban parks in Chabahar, Iran. First, the relative importance
of 28 HSE indicators was determined by integrating user requirements and expert judgments through the Quality Function
Deployment (QFD) approach. Park performance was then‘evaluated using Fuzzy TOPSIS, and the performance component (P)
was derived from the closeness coefficients. To quantify degisionincertainty, a One-at-a-Time (OAT) sensitivity analysis was
conducted under 56 weight-variation scenarios, and a decisign stability component (S) was calculated. Infrastructure and
equipment risks were assessed using Failure Mode and Effects Analysis (FMEA), and the resulting Risk Priority Numbers were
transformed into arisk component (R). Finally, the IHSE-UI was developed by integrating the three complementary dimensions
of performance, stability, and risk.

Results and Discussion: QFD results indicated that indicators related to equipment safety, infrastructure safety, and sanitation
services had the highest influence onusers’ perceptions of HSE quality. Fuzzy TOPSIS identified the Women's Park (P 5) as the
best-performing park (CC = 0.59) and Azadegan Park (P4) as the lowest-perfarming.option (CC = 0.38). Sensitivity analysis
revealed a highly stable ranking structure, with stability values exceeding 0.98 for allparks. Risk assessment results showed that
Women's Park had the lowest risk level (R = 0.05), whereas Shadi Park (P3) exhibitedthe highest risk level (R = 0.95). After
integrating the three components, IHSE-UI scoresrangedfrom0.019t0 0.558. Women's Parkrranked first with an IHSE-UI value
of 0.558, while Shadi Park became the lowest-ranked alternative due to its elevated infrastructure risk. The Spearman rank
correlation coefficient between the Fuzzy TOPSIS and IHSE-UI rankings was (p=0.945), confirming strong consistency while
demonstrating the model’s capability to incorporate riskand uncertainty into the final assessment. Furthermore, the increased
discrimination among alternatives indicates that IHSE-UI provides greater decision resolution than ‘eonventional performance-
based assessments. "

Conclusion: The findings demonstrate that the actual HSE condition of urban parks is not solely determined by observed
performance but emerges from the interaction among performance, infrastructure risk, and decision stabilityunder uncertainty.
The principal methodological contribution of this study is the transformation of sensitivity analysis outcomes into an operational
stability component and its integration with performance and risk within a unified assessment framework. By moving beyond
conventional performance-based evaluation, the proposed IHSE-UI framework provides a more comprehensive and decision-
relevant basis for prioritizing interventions, allocating resources, and supporting risk-informed management of urban parks and
other public urban infrastructures.
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