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ABSTRACT

Nowadays, cities across the globe, acting as the primary habitats for humanity, are
constantly undergoing physical growth; this phenomenon is frequently accompanied
by various structural and environmental challenges, often leading to intense pressure
on surrounding areas, particularly high-quality agricultural and orchard lands. Such
processes, which result in significant land-use changes, ultimately threaten the
sustainability of natural resources for future generations. In this context, the city of
Heris has also been significantly influenced by population growth and physical
expansion during recent decades

This research aims to examine the impact of the physical growth trend of Heris on
land-use changes over the past three decades (1991-2021) and to predict its future
status. In this study, Landsat 5 ™ and Sentinel-2 satellite images were utilized across
three distinct time intervals (1991, 2006, and 2021). Data processing was executed
through the Google Earth Engine platform along with specialized software including
ArcGIS, ENVI, and Idrisi. Furthermore, linear regression was employed to predict
the population for 2026, Shannon’s Entropy was applied to assess land extensibility,
and a hybrid model combining Markov Chain and Cellular Automata (CA) was used
to predict future land-use patterns.The results indicate that during this 30-year period,
Heris has undergone gradual physical growth and horizontal expansion driven by
natural population increases. This trend has caused surrounding lands to undergo
land-use changes under the progressive influence of human construction. The
physical expansion of Heris has led to the conversion of high-quality lands into built-
up areas, which underscores the urgent necessity for effective land-use management
and strategic urban planning.
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Extended Abstract

Introduction

Cities, as the main centers of population
settlement and socio-economic activities,
have always been subject to physical and
spatial changes. The growth of urbanization
in lran, especially since the 1950s,
accelerated significantly under the influence
of factors such as increased oil revenues,
land reforms, rapid industrialization, and
widespread rural migration. This trend
continued after the Islamic Revolution, and
many rural settlements were transformed
into cities or integrated into neighboring
urban areas. The result has been excessive
physical expansion and major changes in
land-use patterns. In many cases, urban
development has occurred without sufficient
attention to ecological capacities and spatial
planning, leading to the destruction of
agricultural lands and surrounding open
spaces. This trend, known as “horizontal
expansion” or “urban sprawl,” has resulted
in increased service costs, spatial inequality,
reduced land-use  efficiency,  and
environmental imbalance. Heris, a small city
in East Azerbaijan Province, has also
undergone such spatial transformations over
the past three decades. Although Heris is not
among the rapidly growing metropolitan
centers and is generally considered a
migration-sending  city, its  natural
population increase and socio-economic
changes have gradually contributed to its
physical ~ expansion  and land-use
transformation. Understanding the nature
and direction of this growth is important
because even small and medium-sized cities
can  generate  substantial  long-term
environmental and economic impacts when
expansion occurs in a dispersed and
unplanned form. Therefore, examining the
physical growth of Heris and analyzing its
consequences for land use is necessary for
sustainable urban planning and local
development management. The main
objective of this study is to investigate the
physical expansion of Heris over the three
decades from 1991 to 2021 and to analyze its
effects on land-use change and future
development trends. The main research
question of this study is: to what extent has
the physical growth of Heris over the past

three decades influenced land-use change
within the city?

Methodology

This study is applied in purpose and
descriptive-analytical in nature. Landsat 5
TM and Sentinel-2 satellite  images
corresponding to the years 1991, 2006, and
2021 were used to analyze land-use changes
over time. The images were subjected to
geometric, radiometric, and atmospheric
corrections to improve their accuracy and
comparability. After preprocessing,
supervised classification methods and
advanced image-processing techniques were
applied to classify land use into three major
categories:  built-up  land, cultivated
agricultural ~ land, and  uncultivated
agricultural land. Field observations and
reference data were incorporated to improve
classification reliability, and noise-reduction
filters were used to minimize errors. The
overall classification accuracy was above
90%, indicating a high level of precision in
land-use mapping. To examine population
dynamics, a simple linear regression model
was used to analyze the population trend and
to estimate the population for 2026. In
addition, Shannon entropy was employed to
assess the degree of spatial dispersion and
urban sprawl. For predicting future land-use
changes, the CA-Markov model was applied
using ArcGIS, ENVI, and Idrisi software
environments. This combination of remote
sensing, statistical modeling, and simulation
techniques made it possible to examine both
past land-use transitions and future spatial
development scenarios

Results and Discussion

The findings indicate that the population of
Heris, based on census data, increased from
8,627 in 1986 to 10,515 in 2016, providing
the temporal framework for the period of the
study (1991-2021). Based on the linear
regression model, the city’s population is
projected to reach approximately 11,654 by
2026. Land-use analysis, synchronized with
the satellite imagery period, reveals that
14/71% of the study area underwent
transformation during the 1991-2006
period, which increased to 17/88% during
2006-2021, signifying an accelerating rate
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of land-use change. Specifically, built-up
areas expanded significantly from 60.34
hectares to 139.42 hectares, accompanied by
a decline in uncultivated agricultural lands.
These changes reflect a clear shift from
agricultural and open lands toward urban
uses. The results of Shannon entropy
confirmed a tendency toward spatial
dispersion and horizontal expansion; the
urban built-up pattern has become
increasingly  fragmented rather  than
compact. Furthermore, the CA-Markov
model predicts continued growth in built-up
areas and further conversion of surrounding
lands if current development trends persist,
suggesting that  without  strategic
intervention, the city will face increased
pressure on agricultural resources and
intensified spatial fragmentation.

Conclusion

Over the past three decades, Heris has
experienced gradual and predominantly
horizontal physical expansion, influenced by
population growth and socio-economic
change. This process has led to a
reorganization of land use, a decline in
agricultural lands, and an increase in built-
up areas. Although the city’s growth
intensity is lower than that of large
metropolitan areas, its dispersed expansion

pattern may produce serious long-term
environmental, economic, and planning
consequences. Therefore, integrated land
management, protection of agricultural
lands, promotion of compact development,
and the use of remote sensing and
forecasting tools are essential for guiding
sustainable urban development in Heris. The
findings of this study can support local
planners and policymakers in controlling
urban sprawl and in maintaining a balanced
relationship between urban expansion and
natural land resources.
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