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ARTICLEINFO ABSTRACT
Article type: Water scarcity management in the Central Plateau of Iran, particularly
Research Paper in the Yazd metropolis, has evolved from a purely hydrological

challenge into a systemic crisis with deep socio-ecological,
institutional, and historical dimensions. Traditional, linear urban
planning approaches have weakened water resilience due to their
inability to integrate inherent uncertainties and indigenous knowledge
into decision-making processes. Aiming to bridge this theoretical-
applied gap, this study develops a resilient urban planning framework
based on the integration of three key components: "decision
intelligence," "participatory water governance," and “indigenous
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formed the core pillars of the model. The results indicated that the
criterion "annual groundwater deficit" holds the highest importance,
with a weight of 0.217. Furthermore, the strategy of “education and
community-based participation” (S3) was identified as the optimal

Keywords: alternative with a final closeness coefficient of 0.791, while the
Resilient Urban Planning, "rehabilitation of ganats" strategy (S2) ranked third due to operational
Decision Intelligence, and severe hydrological constraints. Multivariate sensitivity analysis
Indigenous Knowledge, (Monte Carlo simulation) revealed that the final ranking is highly

Grey Multi-Criteria Group

Decision-Making fragile regarding social and institutional criteria, underscoring the vital
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Extended Abstract

Introduction

Water scarcity risk management in Iran's
Central Plateau, particularly in the Yazd
metropolis, has evolved from a merely
hydrological challenge into a systemic,
multidimensional issue with profound
socio-ecological, institutional, and
historical dimensions. Yazd, as a historical
symbol of adaptation and innovation in
water management, faces unique hydro-
political challenges where the ganat
infrastructure represents a heritage of
thousands of years of living experience in a
desert environment, forming an integrated
socio-economic and institutional system.
Traditional risk management approaches
and linear urban planning models have lost
their effectiveness due to their inability to
integrate  inherent  uncertainties  and
accumulated indigenous knowledge into
decision-making processes, thereby
weakening urban water resilience. The
concept of urban resilience, as a new
paradigm in urban planning, offers
significant capacity for redefining the water
scarcity problem by focusing on adaptation,
learning, and transformation in urban
systems rather than traditional crisis
control. This research aims to fill this
theoretical-practical gap by developing an
urban resilient planning framework for
water scarcity in Yazd based on the
integration of three key components
consisting  of  decision intelligence,
participatory ~ water governance, and

indigenous knowledge.

Methodology

This research is applied-developmental in
terms of objective and mixed quantitative-
qualitative in terms of data nature, utilizing
grey group multi-criteria decision-making
methods within a descriptive-analytical
structure based on a four-phase algorithm.
In the first phase, the problem was
structured using expert-purposive sampling
to form a balanced, multi-stakeholder
decision-making group of fourteen experts
categorized into four specialized sub-
groups including five hydrology specialists,
three government managers and urban
planners, four traditional farmers and ganat

custodians, and two environmental and
cultural heritage experts. In the second
phase, a systematic literature review based
on the PRISMA 2020 protocol was
conducted across Scopus, Web of Science,
and Science Direct databases, capturing
forty-seven final qualified articles covering
both local Yazd-centric and global arid-
region contexts, which was followed by two
structured Nominal Group Technique
sessions facilitated by the corresponding
author to mitigate the dominance effect
among participants. This combined phase
yielded thirteen initial criteria across six
dimensions including hydrological,
economic, social, technical, institutional-
governance, and indigenous knowledge,
which were screened via a two-round Fuzzy
Delphi method to retain seven final criteria.
In the third phase, experts independently
completed pairwise comparison matrices to
eliminate relational biases, and grey
numbers were utilized to capture epistemic
uncertainties  where  weighting  was
performed via Grey Analytic Hierarchy
Process and the ranking of four alternative
strategies was executed through Grey
Technique for Order of Preference by
Similarity to Ideal Solution, evaluating
quantitative criteria through operationalized
empirical units and qualitative criteria via
five-point Likert scales. In the fourth phase,
the structural stability of the ranking was
evaluated using one-way  sensitivity
analysis and a multivariate Monte Carlo

simulation with one thousand iterations.

Results and discussion

The weight calculations indicated that the
criterion of annual groundwater deficit held
the highest importance with a weight of
0.217, measured empirically in million
cubic meters per year, whereas the land
subsidence rate measured in centimeters per
year held the lowest weight of 0.093. The
total weight of non-technical criteria
including  social, institutional,  and
indigenous  knowledge equaled 0.345,
demonstrating the panel’s prioritization of
socio-institutional dimensions in the water
scarcity problem of Yazd. Through the grey
ranking process, the strategy of education
and participation of local communities was
identified as the optimal alternative with a
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closeness coefficient of 0.791, followed by
wastewater recycling in second place with a
coefficient of 0.555, revitalization of ganats
in third place with a coefficient of 0.441,
and modern smart irrigation technologies in
fourth place with a coefficient of 0.142.
Crucially, the third-place ranking of ganat
revitalization, despite its high theoretical
value in the literature, reveals a critical
reality captured by the grey model, as the
experts penalized this strategy due to
substantial annual maintenance costs, an
acute shortage of specialized indigenous
technicians, urban property-right conflicts,
and the severe drawdown of the water table
which renders rapid ganat recovery less
realistic compared to the immediate, high-
volume yields of wastewater recycling. The
multivariate sensitivity analysis
demonstrated that the supremacy of the
community-based strategy is highly stable,
retaining the top rank in 94.2 percent of
Monte Carlo runs, though the overall model
showed fragility regarding changes in the
weights of social acceptance of change and
institutional transparency, which
underscores that institutionalizing public
participation is an absolute necessity for
water resilience in Yazd, aligning with
integrated  governance concepts and
echoing severe hydro-bankruptcy warnings

from previous regional studies.

Conclusion

This research, by reviving the traditional
governance principles of Yazd's ganats
including transparency, participation, and
openness in a structured modern format via
the Nominal Group Technique,
demonstrates that dynamic tradition can
provide an effective response to today's
hydro-political challenges. However, the
operational reality of the model indicates
that indigenous, eco-centric infrastructures
cannot solve modern metropolitan crises in
isolation and must be integrated into
complementary policy packages alongside
modern technical solutions like wastewater
recycling, proving that grey decision
intelligence can successfully bridge the gap
between hard empirical data and soft
qualitative indigenous insights under high-
uncertainty environments. The developed

framework  provides an  operational,
scalable model for urban resilient planning
across other arid and semi-arid regions
globally, despite its limitations which
include the reliance on aggregated basin-
level hydrological data rather than
neighborhood-specific metrics, logistical
hurdles in bridging communication gaps
between traditional farmers and state
officials, and the exclusion of direct
predictive climate change scenarios. Future
research directions should focus on
integrating grey multi-criteria methods with
system dynamics modeling to simulate
long-term feedback loops, conducting a
localized post-implementation pilot
evaluation of the community-participation
strategy within Yazd’s historic core,
incorporating stochastic uncertainty
parameters and international climate change
scenarios up to the horizon of 2050, and
designing a web-based, intelligent decision
support system tailored for municipal water

authorities.
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