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in the population of urban areas. Over the past two decades, numerous new
cities have been established in proximity to the country's metropolises,
with the new city of Sahand serving as a pertinent example. The primary
objective of this research is to elucidate the physical development
trajectory of Sahand, utilizing Landsat satellite imagery spanning the
statistical period from 1373 to 1401. To this end, satellite images
corresponding to four distinct statistical periods (1373, 1383, 1393, and
1401) were acquired from the Landsat 5 and Landsat 8 satellites. By
applying a band calculation function to the images captured by the
Thematic Mapper (TM) and Operational Land Imager (OLI) sensors, the
physical changes in the urban fabric of Sahand during the specified
temporal intervals were quantified and analyzed. The findings of this
research indicate that the physical growth and development of Sahand
commenced in 2013, at which point the urban area encompassed 282
hectares, representing a 28-fold increase since that year. In the subsequent
decade, the urban area expanded to 570 hectares, reflecting a 100% growth
relative to the previous decade. Ultimately, during the final decade under
review, the urban area reached 850 hectares, exhibiting a growth rate of
50%. Notably, District 6 of Sahand, which constitutes approximately 35%
of the city's physical fabric, emerged as one of the fastest-growing regions
between the years 1393 and 1400. Moreover, a statistically significant
correlation was identified between population growth and the physical
development of Sahand during the statistical period from 1380 to 1400,
with a confidence level of 0.95 (P_value=0.05) and a correlation
coefficient (R) of 0.91. Consequently, the regression model fitted to the
relationship between population growth and urban fabric expansion, when
incorporating the projected population density following the
implementation of Mehr housing policies (which anticipates a population
of 185,000), suggests that the area of Sahand's physical fabric will increase
to 1,181 hectares in the forthcoming decade, indicating a growth rate of
38%.
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Introduction

Urban growth in recent decades has profoundly influenced land-use changes in urban areas
and their peripheries. Cities are shaped and expanded by a multitude of forces and factors,
including social transformations, demographic shifts, economic developments, and
technological advancements. As populations increase, economic activities and investments
inevitably accelerate, prompting fundamental transformations in the physical structure and
organization of urban environments (Vahidian Beigi et al., 2011: 108). Although urban areas
occupy less than 0.1% of the Earth’s surface (Lee & Baik, 2011), the majority of the global
population, approximately 6.6 billion individuals, currently resides in urban regions (Miller
et al., 2013). The phenomena of rapid population growth and urbanization, along with their
consequences, are irrefutable. Cities, adapting to their evolving roles and positions, impose
new forms of social life both upon themselves and their surrounding environments, thereby
impacting climate, agricultural production, public health, and various other aspects of life.
Urbanization transforms natural landscapes into anthropogenic land uses and alters surfaces
with distinct physical characteristics. Changes in land cover have significant implications
for local atmospheric and climatic conditions (Shamsipour et al., 2014). Zandi et al. (2019)
employed a Markov chain model to analyze the growth and development trajectory of
Neyshabur city, with a particular focus on earthquake risks up to the year 2030. Their
findings suggested that the southern and southwestern directions are optimal for urban
expansion during the forecast period. The primary objective of this study is twofold: first, to
elucidate the trends in the physical growth and development of Sahand New City over the
past three decades (1994-2022) utilizing Landsat satellite imagery, and second, to propose
a regression model for simulating and estimating the city’s physical expansion in the
forthcoming decade (2021-2031). This regression-based estimation takes into account
Sahand New City’s population-loading policies and aims to clarify the relationship between
urban physical growth and population absorption over the past two decades.

Material and Methods

This study utilized Landsat 5 and Landsat 8 satellite imagery (sensors: OLI/TIRS and TM)
from path 168 and row 34 across four distinct temporal periods: 1995 (1374), 2005 (1384),
2015 (1394), and 2022 (1401). Imagery for the month of July, characterized by minimal
cloud cover, was sourced from the Earth Explorer database. The spatial resolution of these
sensors is 30 meters for the multispectral bands and 15 meters for the panchromatic band.
For the initial two periods (1995 and 2005), imagery obtained from the Landsat 5 TM sensor
was employed, whereas Landsat 8 OLI/TIRS imagery was utilized for the years 2015 and
2022. It is noteworthy that Landsat 7 data was excluded from this analysis due to the SLC-
off error. To assess the physical transformations in Sahand New City over the four decade-
long intervals (1995, 2005, 2015, and 2022), band-based remote sensing indices derived
from the OLI/TIRS and TM sensors were applied. The urban texture index was computed to
delineate the area and periodic changes occurring within Sahand City.
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Results and Discussion

The current study employed Landsat 5 and 8 satellite imagery to investigate the physical
expansion of Sahand New City over the past three decades. The analysis revealed that these
satellite images effectively captured the city's developmental trends, achieving an overall
accuracy of 70% over 28 years, along with a Kappa coefficient of 0.74. The findings
indicated that Sahand New City has followed a consistent trajectory of physical growth from
1994 (1373) to 2022 (1401), with a notable acceleration in the rate of urban expansion of
approximately 50% during the decade from 2014 to 2022 (1393-1401). A significant
observation is that the most pronounced growth occurred in the final decade leading up to
2022 (1401), in contrast to previous studies on remote sensing-based assessments of growth
in metropolitan or mid-sized cities (Asadi et al., 2020; Akbari et al., 2019; Ghobadian Nejad
et al., 2018; Mahmoudian, 2019), which reported more uniform or slightly fluctuating trends
over comparable periods .During the 28-year period analyzed, the physical fabric of Sahand
City expanded by 850 hectares, with the majority of this development occurring after 2006
(1385). Regionally, Zone 6 of Sahand City, which contained approximately 35% of the urban
fabric by 2022 (1401), exhibited the most rapid growth during the decade from 2014 to 2021
(1393-1400), with a 52% increase in urban infrastructure. Given that the primary
development objective of Sahand is to mitigate population overflow from the metropolitan
area of Tabriz, population growth has served as a significant driver of its physical expansion.
The fitted regression model demonstrated that over 80% of the city's physical changes could
be attributed to population shifts over the past two decades. Furthermore, the study
underscored that to accommodate its estimated population absorption capacity of 185,000
residents, Sahand necessitates an additional 38% physical expansion, raising its total urban
area to 1,181 hectares.

Conclusion

This study demonstrates that Landsat satellite imagery is a viable and effective tool for
detecting trends in urban physical changes. The urban expansion values obtained from
Landsat imagery exhibited a strong correlation with the population growth of Sahand City.
A significant relationship was established between population growth and the physical
development of the city during the statistical period of 2001-2021 (1380-1400).
Consequently, the regression model developed to analyze the relationship between
population growth and urban fabric expansion—after considering the proposed population
absorption capacity of 185,000 residents under the Mehr Housing Policy—projects that the
urban fabric area of the city will expand by 38% over the next decade, reaching a total of
1,181 hectares.
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