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Introduction: The physical expansion of Tehran over the past two decades, particularly in
its western districts (21 and 22), have occurred with accelerating pace and complex spatial
patterns, leaving substantial impacts on the city’s environmental structure. Due to their
proximity to northern foothills and location along the main urban development axis, these
areas represent the focal zones of contemporary spatial transformations in Tehran.
Objective: The present study aims to provide a multi-temporal and comprehensive
analysis of land-use dynamics in these critical areas and to model their future development
scenarios up to the horizon year 2035, employing remote sensing data and advanced urban
growth models.

Methods: Accordingly, land-use changes were extracted using multi-temporal Landsat
imagery, and spatial metrics such as Shannon entropy and concentration index were
calculated to characterize spatial development patterns. Subsequently, a hybrid Cellular
Automata—Markov Chain model was applied to simulate future urban expansion with high
accuracy.

Conclusions: Results indicate a significant decline in barren and natural lands over the
past twenty years, primarily converted into residential, service, and transportation uses.
The spatial structure analysis revealed that District 21 follows a concentrated and near-
saturation pattern, whereas District 22 exhibits a more dispersed, polycentric expansion.
The 2035 scenario modeling further suggests that, if current trends persist, most of the
remaining developable land will transition toward full urbanization. These findings
highlight the urgent need to revise urban development policies and adopt an integrated
approach to growth management and natural resource preservation. Understanding distinct
spatial growth patterns can support more targeted planning, environmental risk mitigation,
and optimized infrastructure allocation for the future.
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Introduction

Urban growth has transformed land-use patterns in major metropolitan areas, including Tehran. Districts 21 and
22, due to their particular geographical and developmental characteristics, have experienced substantial physical
changes along with significant environmental consequences (Nasiri et al., 2025; Xu et al., 2025). Remote sensing
and GIS constitute key tools for monitoring these transformations (Sani & Moradi, 2025). Markov chain and
cellular automata models are also effective in predicting urban development (Jardén et al., 2025; Mirzakhani et
al., 2025). Despite numerous studies, a comprehensive analysis of the past, present, and future dynamics of
Districts 21 and 22 has yet to be provided. Using Landsat data (2005-2020) and projecting changes through
2035, this study addresses this knowledge gap.

Methodology

The research methodology integrates remote sensing, multi-temporal analyses, and urban modeling techniques.
First, Landsat satellite imagery (2005, 2010, 2015, 2020) was acquired and pre-processed, including geometric,
radiometric, and atmospheric corrections (Moradi Emam Gheysi & Bonyad, 2024). Subsequently, supervised
classification was performed using three algorithms—ML, ANN, and MD—and its accuracy was assessed using
300 systematically sampled reference points (Jasim et al., 2024). Land-use change analysis was conducted
through post-classification comparison (Onuegbu & Egbu, 2024), and class areas were calculated. The spatial
dispersion pattern was examined using the Shannon entropy index (Mhangara et al., 2024). Finally, the Markov
chain—cellular automata model (Azabdaftari & Sunar, 2024) was implemented by computing the transition
matrix to predict land-use patterns through the year 2035.

Results

The results indicate that between 2005 and 2020, both Districts 21 and 22 of Tehran experienced a substantial
increase in residential areas accompanied by a reduction in barren lands. In District 21, development followed a
more compact and concentrated pattern, whereas in District 22 it exhibited a more dispersed and polycentric
structure. Road networks expanded considerably in both districts, while vegetation cover remained stable in
District 21 and increased in District 22, particularly around Chitgar Lake. Among the classification algorithms,
the Maximum Likelihood method yielded the highest accuracy, exceeding 94%. Projections generated by the
CA-Markov model suggest that these urban development trends will continue through 2035, though with distinct
spatial patterns in the two districts.

Discussion

Transformations between 2005 and 2020 in Tehran’s Districts 21 and 22 reveal that the increase in residential
use, reduction of vacant lands, and expansion of the road network have led to an infrastructure-driven
development pattern reliant on the consumption of released lands (Deng et al., 2015). The development pattern
in District 21 is denser and more confined, while in District 22 it is more dispersed and based on large-scale
projects (Tsai, 2005; Angel et al.,, 2011). The Shannon entropy index confirms this distinction: higher
concentration in District 21 and greater dispersion in District 22. Environmental implications—particularly
increased runoff and decreased soil permeability—are more severe in District 22, consistent with international
studies (Nasiri et al., 2025; Wang & Wang, 2025). The Cellular Automata—Markov Chain model also indicates
the continuation of these trends until 2035, similar to previous studies in Tehran and China (Arsanjani et al.,
2013; Wan et al., 2024). However, as Batty (2007) notes, forecasting based on past trends is constrained when
abrupt policy shifts occur. The high accuracy of Landsat classification enhances the credibility of results, though
studies such as Maxwell et al. (2018) suggest that machine-learning algorithms can offer improved precision.
Integrating multitemporal data, dispersion indices, and predictive modeling has provided a unified framework for
analyzing both past and future urban growth, yet employing higher-resolution imagery and more advanced
models represents a promising methodological direction for future research.

Conclusion

The 2005-2020 trend shows that both Districts 21 and 22 of Tehran expanded by converting vacant lands into
residential areas, but their development patterns differ substantially. District 21 experienced compact,
concentrated growth and has nearly reached its physical saturation point, whereas District 22 underwent
scattered, multicentric expansion and still possesses growth capacity. Shannon entropy values corroborate this
fundamental difference. The CA-Markov projection to 2035 indicates that District 21 will nearly complete its
capacity, while development in District 22 will mainly continue toward the north and northeast. Therefore,
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unified planning policies are not efficient for these two districts. District 21 requires regeneration, rehabilitation,
and infrastructure enhancement within its existing fabric, whereas District 22 should prioritize controlling spatial
dispersion and protecting natural lands. The decline in vacant areas also poses an environmental warning,
suggesting that future urban planning must adopt an integrated, data-driven, and environmentally adaptive
approach.
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Fig. 2. land use maps of Districts 21 and 22 of Tehran in different periods
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