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ability, as traditional planning models based on segregated land uses have proven inadequate in
addressing the complex spatial and social needs of contemporary cities. This inadequacy manifests
as spatial fragmentation, weakened social interactions, and increased dependence on motorized
transportation. In contrast, development based on mixed land use—emphasizing the coexistence

of diverse functions within a shared context—enables improved accessibility and spatial efficien-
Keywords

Artificial Intelligence
Meta-Analysis

Mixed Land Uses
Sustainable Development
Tehran

cy, reduces energy consumption, strengthens social ties, and enhances infrastructure productivity.
However, realizing this approach requires precise and multilayered analyses of the city’s physical,
social, and economic structures, which are unattainable without leveraging advanced technolo-
gies such as artificial intelligence (Al). Al, through machine learning algorithms, can simultaneously
process spatial and social data to identify hidden patterns and complex correlations. This capability
enables data-driven urban planning to design targeted and adaptable frameworks for mixed land
use, steering urban policies toward resilience and sustainability. Moreover, mixed land use is not
merely a physical solution but a multidimensional tool to enhance social, economic, and cultural
resilience in urban spaces, reducing vulnerabilities by boosting regional economies and social in-
teractions. Nonetheless, this vision requires accurate spatial data, advanced analytical tools, and
institutionalized participatory mechanisms based on data—elements that are often constrained by
technical and institutional limitations in many developing cities. Although smart technologies hold
high potential for analyzing spatial complexities, their practical application at large scales remains
limited and insufficiently responsive to contextual needs. Therefore, bridging the gap between the-
oretical capacity and practical application demands structural reforms in legal and administrative
systems to establish coordinated, participatory, and future-oriented decision-making and to design
sustainable, flexible, and resilient land-use patterns. Finally, given Tehran’s demographic and physi-
cal challenges, as well as current planning limitations, this research investigates the application of Al
in developing mixed land use, with a focus on creating data-driven, multidimensional, and adaptive
patterns that address contemporary spatial complexities.

Materials and Methods
This study employs a meta-analytic and systematic review approach to explore the applications
of Al'in analyzing urban land-use mixtures. It employs path analysis to examine the impact of in-
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dependent variables on mixed land-use development. In the systematic
review phase, using PRISMA software and a three-step process, an exten-
sive search was conducted across reputable databases, including Scopus,
SpringerLink, Google Scholar, and Semantic Scholar, resulting in the
identification of 2,107 articles. After excluding irrelevant studies and ap-
plying stricter inclusion/exclusion criteria, the corpus was reduced to 187
and finally to 65 high-quality articles. Data analysis and visual mapping
were conducted using VOSviewer software. In the second phase, seven
Al application components were identified as independent variables, and
five components of mixed land-use development were designated as de-
pendent variables. Theirimpacts were examined by a purposive sample of
96 experts and specialists. The questionnaire employed a five-point Likert
scale, and data were analyzed using structural equation modeling (SEM)
with the partial least squares approach (PLS3). Measurement and struc-
tural model analyses were performed via SMARTPLS software, confirming
the reliability, validity, and significance of the models.

Findings

Descriptive findings reveal that studies on Al applications in mixed urban
land use primarily cluster into three domains: land-use and spatial analysis
(29 articles), development strategies and management of mixed use (30
articles), and land-use decision-making (7 articles). Geographically, China
leads with 40 articles, followed by the United States (12), Europe (9), and
Iran (3), reflecting both the global academic focus and existing gaps in Al
application for land-use planning. The temporal trend indicates a sharp
increase in publications since 2020, peaking in 2024, underscoring the
growing scientific interest in smart technologies for addressing urban
planning complexities. Keyword co-occurrence analysis underscores the
significance of integrated Al approaches in connecting concepts such as
anticipatory planning, demographic shifts, and environmental transfor-
mations, thereby playing a crucial role in fostering dynamic and adapt-
able urban systems. Al techniques, including deep learning, genetic algo-
rithms, ensemble learning, and big data analytics, are widely applied in
land-use classification and prediction, spatial layout simulation, and land-
use allocation optimization. In SEM analysis, seven Al application compo-
nents and five mixed land-use development components were identified,
with measurement models exhibiting factor loadings above 0.4 and ac-
ceptable reliability and validity. Structural model fit indices (GoF = 0.739,

R? = 0.716, Q* = 0.506) indicate strong explanatory power and predic-
tive accuracy. All paths between independent and dependent variables
were significant at the 95% confidence level. The most influential factors
were spatial layout modeling and simulation, stakeholder participation
and negotiation modeling, and synergy among intelligent algorithms.
Other significant paths included land-use prediction and classification,
overall Al application, data fusion and ensemble learning, big data and
urban trends analysis, and land-use allocation optimization—collectively
demonstrating Al’s critical role in enhancing mixed urban land use.

Conclusion

Artificial intelligence, through advanced analysis and integration of geo-
graphic, social, and environmental data, has created significant capac-
ities for understanding and managing the complexities of mixed urban
land uses. Systematic review findings indicate that Al applications are
concentrated in spatial and land-use analysis, development strategies,
and urban planning decision-making, with notable growth since 2020.
Keyword co-occurrence reveals Al as a transformative agent linking en-
vironmental, demographic, and anticipatory planning concepts, enabling
the transition from traditional to dynamic and forward-looking models.
Advanced Al techniques, leveraging multi-source data such as satellite
imagery, transportation data, and social networks, have played essential
roles in land-use classification, optimization, and simulation, enhancing
urban system resilience to environmental and social challenges. Research
highlights the importance of socio-cultural dimensions, transparent gov-
ernance, and algorithmic fairness, advocating for ethical frameworks and
interdisciplinary collaboration. Technological constraints, including high
computational demands and data challenges, underscore the need for
cloud computing and federated learning solutions. Structural equation
modeling confirms significant effects of Al components on mixed land-
use development in Tehran, notably spatial layout modeling, participa-
tory decision-making facilitation, and intelligent algorithm integration.
Overall, Al offers an efficient platform for modeling, prediction, partici-
pation, and optimization, substantially improving decision quality and
sustainable mixed land-use development in Tehran, while future research
must focus on advancing technical infrastructure, ensuring algorithmic
justice, and fostering interdisciplinary collaboration.
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