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The Metaverse, as a hypothetical virtual environment utilizing advanced technologies such as
Acrtificial Intelligence and the Internet of Things, has the potential to contribute to the
sustainability of future smart cities, enhancing urban efficiency and quality of life. In this

Received: regard, the present study aims to analyze the framework of immersive Metaverse spaces for
2025/05/09 the sustainability of future smart cities in the metropolitan area of Tehran. The research
Accepted: strategy is application-oriented, and the methodology is descriptive-analytical, based on
2025/10/12 exploratory futures research methods. The theoretical data were collected using a documentary
pp: method, and the empirical data were gathered through a survey method based on the Delphi
73-90 technique. The target population of this study included urban experts, and a purposive sample

of 70 individuals was selected. To analyze the data, the Delphi method, structural analysis in
Keywords: the MICMAC environment, and Scenario Wizard software were employed. The findings
Metaverse; revealed that indicators such as transparency, demand reduction, urban simulation, and digital
Smart Cities; education play significant roles in improving smart urban sustainability. Additionally, the
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study demonstrated that the Metaverse can serve as an effective tool for optimizing resource
consumption, increasing citizen participation, and mitigating urban risks. The final results
suggest that to fully harness the potential of the Metaverse, it is necessary to strengthen digital
infrastructures, enhance technology-related education, and improve cybersecurity. Overall, it
is recommended that policymakers in Tehran focus on developing Metaverse technologies and
integrating them with urban systems to leverage all the capabilities of this technology.
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Extended Abstract

Introduction

With the expansion of emerging technologies in
recent decades, cities, long symbols of human
civilization and development, have entered a
new phase of structural and functional
transformations. In this phase, smart cities, by
leveraging information technologies,
communication  systems, and advanced
technologies such as the Internet of Things,
virtual reality, and augmented reality, aim to
improve citizens' quality of life, optimize urban
services, and enhance infrastructure efficiency.
Among these, the metaverse, as a novel digital
space, has opened new horizons in urban
development and forward-thinking planning.
The metaverse, formed by the integration of
various technologies such as artificial
intelligence, cloud computing, and augmented
reality, provides a platform for citizens to
interact, experience, and make decisions in a
simulated environment resembling real cities.
This space is capable of modeling various urban
scenarios, crises, and social changes, serving as
an effective tool for emergency response, policy
simulation, and resource optimization for urban
managers. In this space, smart cities are not only
enhanced in technical aspects but also
strengthen  social  participation,  cultural
development, and economic and environmental
sustainability. However, fully harnessing the
potential of the metaverse requires addressing
technological and managerial challenges and
designing comprehensive, interdisciplinary
strategies. In this context, this paper analyzes
the future role of the metaverse in the
sustainability of smart cities, focusing on
Tehran, and emphasizes the need for
collaboration between governmental
institutions, the private sector, and society to
achieve this goal.

Methodology

This research is based on a futures research
approach, aimed at practical objectives and
descriptive-analytical in nature. The data
collection  method was library-based,
documentary, and survey-based, utilizing the
Delphi method. The Delphi team was selected
using purposive sampling, and the criteria for
selecting experts included theoretical expertise,
practical experience, willingness and ability to

participate in the study, and accessibility. The
statistical population of the research includes
experts (urban managers, urban designers,
urban software specialists, urban planners,
ecologists, economists, sociologists, and
architects). Due to the absence of a
comprehensive  database for professional
individuals, snowball sampling was used, and
70 individuals were selected as the sample size.
Initially, 14 components were identified, and
then these components were presented to
specialists for further refinement, leading to the
identification of 10 final influential
components. In the third stage, based on expert
consultations, 40 indicators were selected for
analysis. A semi-structured questionnaire was
distributed among specialists, and they were
asked to rate the variables according to their
influence and dependency using a scale of 0 to
3 in the cross-impact matrix. In this rating
system, “0” means no impact, “1” means weak
impact, “2” means moderate impact, “3”” means
strong impact, and “P” means potential impact.
Cross-impact analysis was performed using the
MICMAC software, and final scenarios were
developed using the Scenario Wizard, with key
indicators influencing the future state of the
system extracted

Results and discussion

The findings of this research indicate that the
analysis of the direct and indirect impacts
matrix among 40 factors led to a deeper
understanding of the relationships between the
influential indicators in the analysis of the
metaverse spaces for the future sustainability of
smart cities in Tehran. The 77.06% fill rate in
the matrix suggests that most factors are
interrelated and mutually influential, with only
367 zero values and the remainder being values
of 1, 2, and 3. In repeated impact-dependency
analyses, the indicators initially showed high
levels of influence and dependency (95% and
97%), and in the second repetition, they reached
full stability (100%), indicating the stabilization
of the relational structure and the readiness to
extract key driving forces. The direct impact-
dependency map categorized the indicators into
four groups: independent and driving indicators
like demand reduction and digital education,
linking indicators such as virtual tourism,
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metaverse economy, and economic innovation,
dependent indicators like virtual experience and
health equity, and finally, independent or
neutral indicators like local projects. Moreover,
demand reduction, with the highest direct
impact (60), and health equity, with the highest
dependency (57), play a key role in influencing
and reacting. The direct and indirect impact
diagrams with 100% coverage illustrate the
strength of the relationships between the
indicators with various lines. Ultimately, the
classification of driving indicators into four
regions revealed that indicators in Region 1 are
recognized as key drivers and main system
catalysts for policymaking and decision-making

Conclusion

The metaverse, by combining tools such as
advanced simulation, the Internet of Things, and
artificial intelligence, has revolutionized the
management of smart cities. In this research,
Tehran was selected as a case study to examine
the impact of the metaverse on the intelligent
sustainability of urban environments. The
findings suggest that indicators such as
transparency, demand reduction, and health
equity can serve as primary drivers of urban
sustainability. These results align with previous
studies focusing on resource optimization and
energy consumption reduction. Furthermore,

urban simulations play a significant role in
forecasting and reducing urban  risks,
emphasizing the importance of enhancing social
interactions and reducing digital inequalities.
The integration of the metaverse with
complementary technologies such as the
Internet of Things and digital twins can improve
urban infrastructure. This study also addresses
challenges such as cybersecurity and the need
for  developing adequate infrastructure.
Ultimately, the research indicates that the
metaverse can act as a tool for enhancing
governance, transparency, and quality of life in
smart cities. The recommendations of this study
include strengthening digital infrastructure,
improving governance transparency, expanding
digital education, integrating technologies, and
enhancing cybersecurity, all of which can
contribute to achieving sustainability and social
equity in Tehran.
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