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Extended abstract

Introduction

The unsustainable depletion of groundwater resources in arid and semi-arid
regions highlights the critical need to reassess traditional water management
infrastructures. Among these, the qanat system stands out as a historically
sustainable masterpiece. However, recent physical interventions, structural
alterations, and varying restoration approaches have drastically modified the
outlets of these systems. The outlet serves as a socio-ecological and
hydraulic nexus where water delivery meets community interaction. This
study systematically evaluates how structural morphologies, historical
authenticity, and the choice of building materials affect both the technical
sustainability and community safety perceptions of qanat outlets in South
Khorasan Province, Iran.

Materials and Methods

The study was conducted across South Khorasan Province, evaluating 10
prominent and strategically chosen qanats (Seyyed Morad, Cheshmeh Rach,
Fathabad, Qarand, Arbaeh, Sheikhan, Tagaband, Gaz, Mahakan, and
Roumeh) spanning seven counties.
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To gather specialized knowledge and local user insights, a semi-structured questionnaire was deployed.
The sample size consisted of 39 carefully selected respondents divided into two primary groups: technical
experts/restorers and local farmers/owners. Content validity was verified through a panel of 5 academic
experts in vernacular architecture, heritage conservation, and hydrology, while internal consistency was
verified via Cronbach's alpha (a= 0.67). Data processing and advanced multivariate evaluations were
executed using Python alongside SPSS for reliability profiling. Due to the ordinal nature of the Likert-
scale data and non-normal distributions confirmed by the Shapiro-Wilk test (p < 0.05), rigorous non-
parametric frameworks were utilized:

* Perceived Safety Quantification: Formulated as the Safety Perception Index (SPI = xSafety) to gauge
psychological and physical security.

* Material Evaluation: Formulated as the composite Hydro-Material Stability Index (HMSI = (xSafety
+xDurability)/2) and the Historical Authenticity Index (HI = x Identity), scaled on a 1-5 range.

« Statistical Inference: Kruskal-Wallis H tests and 95% confidence intervals were implemented to evaluate
mean scores across different architectural typologies and material classifications, replacing conventional
parametric tests to prevent statistical bias in a specialized small sample size.

Results and Discussion

Inferential statistical analysis using 95% CI and density distribution profiling demonstrated that
morphological configurations heavily dictate community interactions and safety. Roofed and chambered
outlets significantly optimized the Safety Perception Index (SPI), yielding the highest security scores and
the lowest variance among respondents compared to exposed, open-top structures.

Regarding material composition, a clear structural tension between durability and heritage conservation
was unveiled. Traditional materials (local stone and sarooj mortar) demonstrated statistical superiority in
terms of long-term climate-technical adaptability and holistic stability (HMSI). Conversely, modern
interventions utilizing concrete and cement, while showing high scores in the short-term durability sub-
index, caused a critical decline in physical authenticity, dropping the index significantly into the degraded
zone (HI < 2.5). Furthermore, the managerial diagnostic assessment identified functional abandonment,
lack of scheduled preventive maintenance, and structurally incompatible modern restorations as the
primary multi-variable drivers shifting these ancient hydro-structures into highly vulnerable, semi-active
regimes.

Conclusion

The holistic sustainability of traditional hydrological systems cannot be achieved through isolated, purely
structural viewpoints. Modern concrete-based restorations often salvage short-term structural durability at
the expense of irreversible damage to historical identity and structural authenticity. Effective preservation
requires shifting from fragmented engineering interventions toward an "Integrated Qanat Sustainability
Management" paradigm. This approach successfully synchronizes local indigenous knowledge,
community safety perceptions (SPI), and hydro-material integrity (HMSI), establishing a balanced
coexistence between structural stabilization and the revitalization of invaluable hyper-local heritage.
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Table 1. Spatial Characteristics of the Selected Qanats in South Khorasan Province
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