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overseeing the spatial development of urbanized regions. The rampant and unregulated

proliferation within these areas has emerged as a significant obstacle for urban and
regional planners and administrators, as this phenomenon results in the degradation of
agricultural lands and depletion of natural resources. The objective of this study is to
model and evaluate prospective alterations in growth boundaries within the Isfahan
metropolitan region, with the intention of safeguarding environmental resources and
managing spatial expansion. In this context, a positivist methodology was employed,
characterized by an analytical and quantifiable aroach, utilizing satellite imagery to
examine alterations in the spatial expansion of the Isfahan metropolitan area. Artificial
neural networks and advanced machine learning algorithms were utilized to forecast the
magnitude of forthcoming physical growth, and the anticipated growth boundaries were
outlined. The outcomes of the research reveal that the Isfahan metropolitan area has
undergone substantial unregulated expansion, particularly concerning physical
development, over recent decades, with the decline of agricultural and natural lands
emerging as a critical challenge. According to the simulations conducted, the delineated
growth boundaries may function as a potent mechanism for managing and strategizing
urban-regional development, thereby averting further deterioration of natural resources
and landscapes.
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Introduction

he swift urbanization and unregulated proliferation of metropolitan regions, particularly
within developing nations, have emerged as significant dilemmas in the 21st century. The
influx of individuals into urban centers in pursuit of enhanced employment prospects and
improved living conditions has culminated in the unstructured and dispersed development
of urban locales. The Isfahan metropolitan area exemplifies such expansion, in which the
physical growth has substantially outstried population growth in recent decades, resulting
in the degradation of agricultural lands and natural resources. This investigation seeks to
simulate and scrutinize the prospective growth boundaries of the Isfahan metropolitan area
to facilitate improved management and regulation of this expansion. The principal aim of
this research is to assess the trends in growth boundaries and forecast future alterations,
thereby promoting sustainable development and the conservation of natural resources.

Research Method

The methodology adheres to a positivist paradigm, emphasizing the analysis of spatial
data alongside the alication of artificial intelligence methodologies. In the initial phase,
spatial data comprising satellite imagery and GIS data from the years 1995, 2008, and
2019 were systematically collected and subjected to analytical scrutiny. These datasets
encompass road networks, agricultural land classifications, diverse urban land utilizations,
and developmental zones across temporal scales. The data underwent processing utilizing
ENVI software, and subsequent to the pre-processing of satellite images, they were
categorized within a GIS framework. In the subsequent phase, artificial neural networks
(ANN) and machine learning methodologies were utilized to model the dynamics of
physical expansion trends. A multi-layer perceptron (MLP) neural network was identified
as the primary model for forecasting changes in built-up land through to the year 2050.
The model incorporated independent variables such as proximity to agricultural areas,
communication infrastructure, and industrial districts to project alterations in built-up
regions. The accuracy of the model was corroborated through the alication of performance
metrics such as the Receiver Operating Characteristic (ROC) curve and the overall
accuracy rate.

Results & discussion

The research findings indicate that the Isfahan metropolitan region has undergone swift
and unregulated expansion over the previous decades, particularly within the southeastern
and central sectors of the urban landscape. According to the models utilized, this pattern
is anticipated to persist at a moderate pace until the year 2050, ultimately achieving a
relative state of equilibrium due to various environmental and geographical limitations.
Three principal determinants have been recognized as pivotal contributors to this urban
proliferation:

1. Proximity (Distance) to agricultural lands: Zones in close proximity to urban centers
exhibit a higher likelihood of undergoing conversion into developed areas.

2. Communication networks: The presence of highways and major thoroughfares has
significantly influenced the spatial development of diverse locales.

3. Industrial development and workforce migration: The industrial escalation in the
southern regions of the metropolitan area has drawn a substantial labor force,
resulting in the expedited proliferation of residential zones.

An additional notable finding pertains to the limited efficacy of the existing growth
boundaries in safeguarding natural resources. The simulations imply that with the
enactment of growth regulation policies, these boundaries could play a vital role in
averting further degradation of agricultural lands and in conserving natural resources.
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Conclusion

This investigation presents a thorough model along with precise forecasts concerning the
prospective growth boundaries for the Isfahan metropolitan region. It illustrates that
delineating growth boundaries can function as a potent mechanism for the administration
of urban development and the mitigation of unchecked urban sprawl. The analysis has
discerned three principal determinants—proximity to agricultural territories, adjacency to
communication infrastructures, and the pace of industrial advancement—as the
fundamental catalysts of growth in the Isfahan metropolitan area. Furthermore, the
findings indicate that the alication of artificial intelligence methodologies and neural
network frameworks can enhance the accuracy of simulating physical transformations
while facilitating improved planning for sustainable development. Decision-makers and
urban planners may leverage the insights derived from this research to formulate more
efficacious policies aimed at the conservation of natural resources and the optimized
management of urban development.
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Figure 2. Map of the study area (Research studies)
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Figure 3. The amount of changes in physical expansion in the period 2019-2030 (Research studies)
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Figure 4. The probability of change and the growth boundaries predicted in the period 2019-2030 (Research studies)
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Figure 5. Schematic predicted boundaries (Research studies)
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Figure 6. The area with the most physical expansion in the period of 203-2019 (Research studies)
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Figure 7. Physical expansion and demarcation based on natural protection areas (Research studies)
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Table 2. The impact of the main driving factors of Isfahan metropolitan area (Research studies)
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Table 3. Accuracy of modeling growth boundaries of Isfahan metropolitan area (Reasearch studies)
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Figure 8. of the ROC error rate of Isfahan metropolitan area (Research studies)
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