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ABSTRACT
Introduction
Land use changes driven by the expansion of human activities are among the
most significant threats to urban areas.

Methodology

Accordingly, this study investigated the spatiotemporal dynamics of land
cover/land use (LULC) changes in Tehran Municipality District 22 during
1995-2025 and predicted future change patterns up to 2041 using the integrated
Cellular Automata—Markov (CA—Markov) model. LULC maps were produced
for 1995 and 2025, and temporal changes in different land-use classes were
analyzed. The CA—Markov model was then applied to simulate future land-use
changes, and its performance was evaluated using the Kappa coefficient.

Results

The results indicated that built-up areas exhibited the greatest increase,
expanding from 2,572.11 ha in 1995 to 2,827.46 ha in 2025. In contrast, bare
areas declined from 2,780.52 ha to 2,391.80 ha during the same period. Water
areas and vegetation cover showed increasing trends, whereas agricultural areas
continuously decreased throughout the study period. A Kappa coefficient of
0.88 confirmed the high predictive accuracy of the CA-Markov model.
According to the simulation results, built-up areas are projected to increase to
2,890.40 ha by 2041, while bare areas are expected to decline to 2,287 ha.

Discussion and Conclusion

These findings indicate the continued expansion of built-up areas, increasing
pressure on land resources due to population growth and the concentration of
economic and urban development activities. Therefore, mitigating the adverse
impacts of LULC change requires effective planning, integrated land
management, and sustainable resource utilization. The findings provide a
scientific basis for decision-making and urban management strategies to support
sustainable urban development.

KEYWORDS
Spatial-temporal changes, Land use/ land cover, Remote sensing data, Modeling
and prediction, District 22 of Tehran Municipality.
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EXTENDED ABSTRACT

Introduction

Land Use/Land Cover (LULC) change represents one of the most critical urban transformation
trends confronting the contemporary world, carrying profound environmental consequences.
Driven by both direct and indirect human interventions, LULC changes threaten to severely
degrade nearly half of the Earth's ice-free land surface. The escalating pressure of anthropogenic
activities—frequently manifested as unplanned land conversions aimed at short-term economic
and commercial gains—underscores the urgent need for integrated planning and management
across all governance levels to safeguard landscapes and valuable ecological resources. In
developing nations, the adverse impacts of rapid urbanization typically include the depletion of
agricultural land, physical and socio-economic challenges, and excessive, fragmented urban
sprawl. These processes impose irreversible and costly burdens on natural ecosystems. This
unbridled expansion of economic activities, coupled with the immediate livelihood dependence
of a vast portion of the growing global population on land resources, has placed the natural
environment under severe stress. Empirical evidence suggests that human development has
altered one-third to one-half of the global land surface, directly driving climate change, global
warming, biodiversity loss, water resource depletion, and threats to food security.

In recent years, spatio-temporal modeling and forecasting of LULC variations within urban
environments have attracted significant scholarly interest. Within this context, District 22 of
Tehran Municipality stands out as one of the capital's most rapidly transforming sectors, having
experienced accelerated population growth and construction booms over the past two decades.
Situated in western Tehran, this district was strategically designated as a primary zone for
residential and service expansion. Consequently, the conversion of agricultural and barren lands
into built-up residential, commercial, and administrative areas has occurred at an unprecedented
pace and continues unabated. Because the vast majority of previous studies have focused on
broad LULC trends across the entire Tehran metropolis—thereby missing the long-term micro-
level dynamics and future projections for individual municipal districts—the present study
addresses this gap. This research evaluates LULC transformation trends within District 22 over
a 30-year period (1995-2025) and projects future spatial patterns.

Methodology

This study is applied in terms of objective and descriptive-analytical in nature, utilizing a
quantitative approach to assess the spatio-temporal dynamics of District 22, Tehran
Municipality. To capture long-term LULC trends and compile a 30-year spatial-temporal series,
multi-spectral imagery was acquired from the Landsat 5 Thematic Mapper (TM) sensor for the
year 1995 (30-meter spatial resolution) and the Sentinel-2A MSI sensor for the year 2025 (10-
meter spatial resolution). This specific multi-decadal temporal framework was selected due to
its alignment with significant population expansion, rising tourism demands, intensifying
anthropogenic footprints, and the historical inception of formalized environmental impact
assessments in Iran. Images from the month of May (Ordibehesht in the solar Hijri calendar)
were selected to ensure consistency, corresponding with peak vegetative vigor and the
blooming period of local plant species.

Image classification was executed using the Random Forest (RF) machine learning algorithm.
The RF classifier has demonstrated superior accuracy in processing satellite imagery across
varying spatial resolutions compared to traditional methods such as Support Vector Machines
(SVM) and Artificial Neural Networks (ANN), making it a benchmark technique for ensemble
classification. All data processing and computational workflows were deployed within the
cloud-based Google Earth Engine (GEE) environment. To enhance the spectral separability of
water bodies and vegetation patches—the two primary ecological features of the study area—
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the Normalized Difference Water Index (NDWI) and the Normalized Difference Vegetation
Index (NDVI) were calculated and integrated into the classification models. Training and
validation sampling was conducted via visual interpretation within GEE, generating 1,500
randomized points. Of these, 800 samples were allocated to train the RF algorithm, while the
remaining 700 samples were reserved for post-classification accuracy testing. The landscape
was partitioned into five distinct LULC classes: water bodies, agricultural land, vegetation
cover, barren land, and built-up (anthropogenic) areas. Finally, a coupled Cellular Automata-
Markov Chain (CA-Markov) model utilizing a 5x5 contiguity filter within the Idrisi TerrSet
2020 software was employed to simulate and forecast LULC configurations for the year 2041.
Model calibration and validation were rigorously executed by simulating the 2025 LULC map
based on 1995 baselines and statistically comparing it against the empirical 2025 classification.

Results

The empirical results indicate that built-up areas experienced the most substantial expansion
over the study period, increasing from 2,572.11 hectares (41.48%) in 1995 to 2,827.46 hectares
(45.60%) in 2025. Conversely, barren (unvegetated) land exhibited a significant decline,
contracting from 2,780.52 hectares (44.84%) in 1995 to 2,391.8 hectares (38.57%) in 2025. The
analysis also revealed a net increase in both water bodies and vegetation cover, juxtaposed
against a steady reduction in agricultural parcels. These findings indicate that barren lands have
served as the primary spatial repository supplying urban growth in District 22. Crucially, rather
than deteriorating, vegetation cover expanded over the three-decade period. This specific trend
suggests that District 22 has largely evaded the "synergistic ecological crisis" characterized by
the simultaneous degradation of all natural land classes, a phenomenon commonly observed in
other municipal districts of Tehran. This concurrent rise in both built-up areas and vegetative
cover points to a deliberate urban greening policy executed alongside infrastructure
development, exemplified by the establishment of major parks, urban woodlots, and the green
belt around Chitgar. Cultivated forestry and landscape restoration projects have gradually
converted previously exposed, unvegetated plots into functional green spaces. Nevertheless, the
shrinkage of barren land from 44.84% to 38.57%, concurrent with the growth of built-up areas,
signals a fundamental transition in the district's spatial structure from an open, undeveloped
perimeter to a dense urban matrix. While this trajectory is expected in developing zones, the
rate of conversion poses a long-term risk to residual barren lands, which fulfill critical
ecological roles such as groundwater recharge and localized biodiversity support.

The CA-Markov predictive simulation for the horizon year 2041 indicates that built-up surfaces
will continue their upward trajectory, reaching 2,890.4 hectares (46.61%), whereas barren lands
will experience the sharpest decline, falling to 2,287 hectares (36.88%). Although
anthropogenic expansion persists, a vital insight derived from the model is the noticeable
deceleration in the annual growth rate. Built-up surfaces expanded at an average rate of 8.5
hectares per year during the 1995-2025 period; however, this rate is projected to decrease to
approximately 3.9 hectares per year between 2025 and 204 1. This deceleration strongly implies
that the district is approaching its physical development limits and moving toward spatial
saturation, as the inventory of developable barren land depletes. Furthermore, the forecasted
minor increment in water bodies (from 2.33% to 2.42%) and the sustained growth of vegetation
cover (reaching 13.9%) by 2041 corroborate that high-profile environmental infrastructure
projects, such as Chitgar Lake, have successfully mitigated some of the adverse externalities of
rapid urbanization. While these percentage increases are small, maintaining and marginally
expanding natural and semi-natural land uses within a rapidly densifying urban district
represents a noteworthy planning achievement.

Discussion and Conclusion
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In alignment with the empirical findings and institutional frameworks such as the Tehran
Province Spatial Planning Document (2009) and the Tehran Metropolitan Area Master Plan
(1999), land resource utilization within District 22 must be strictly calibrated against the
landscape's carrying capacity and ecological suitability. Key mandates for regional planners
include optimizing environmental resource management (particularly water), minimizing
ecological degradation, enacting adaptive natural resource management, and improving
conservation indices during decision-making. A recognized limitation of this research is the
reliance on medium-resolution satellite imagery (Landsat 30-meter pixels) necessitated by the
historical depth of the long-term analysis. This pixel size lacks the capacity to detect fine-
grained, fragmented spatial changes occurring at individual land-parcel scales or within minor
developmental phases. Additionally, the model did not categorize vegetation into distinct
structural types or assess qualitative biomass density.

Based on the insights gained, three strategic planning recommendations are proposed:

1) Establish a strict conservation priority map for remaining barren lands, zoning them into
"developable," "restorable," and "protected" categories to preserve ecologically valuable
terrains:

2) Institutionalize the "green-embedded development" model as a legally binding mandate
within the district's detailed urban design codes, requiring a minimum of 0.3 hectares of new
green infrastructure for every hectare of new physical development, alongside the creation of
contiguous ecological corridors:

3) Shift the urban growth paradigm from horizontal sprawl to vertical, infill development while
applying stringent regulatory penalties for unauthorized LULC conversions. The findings of
this study offer a valuable tool for decision-makers to implement sustainable urban growth
controls. Essential future tasks include formulating an integrated management plan mapped to
bio-capacity thresholds, managing anthropogenic pressures (pollution controls and resource
degradation mitigations), and proactively mapping environmental hazards such as subsidence,
localized flooding, landslides, and dust storms. Achieving these targets will depend heavily on
elevating inter-agency coordination, empowering environmental non-governmental
organizations (NGOs), and fostering active stewardship among local communities to mitigate
the systemic impacts of human development in this vital district.

Keywords: Spatial-temporal changes, Land use/ land cover, Remote sensing data, Modeling
and prediction, District 22 of Tehran Municipality.
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