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ABSTRACT

This study examines the impact of physical development in Firuzabad County on rural
settlements using the Normalized Difference Built-up Index (NDBI). The main objective
of the research is to analyze the effects of the expansion of built-up areas on the
population and sustainability of villages over different time periods (1975-1990, 1990-
2000, 2000-2014, and 2014-2024). The satellite data used in the study include Landsat
series images, which were processed through Google Earth Engine to extract the NDBI
for each period. Additionally, population density maps of villages for various years were
prepared using statistical data and Geographic Information Systems (GIS). The results
indicate that the expansion of built-up areas has mainly occurred near densely populated
settlements and fertile agricultural lands. This development, particularly during the 2014-
2024 period, has led to a reduction in agricultural lands and widespread changes in land
use. The analysis of population density reveals that villages near Firuzabad city have
been most affected by physical development, resulting in a decline in agricultural
livelihoods and an increase in construction activities. Conversely, some remote villages
have experienced a decrease in population density and depopulation.These changes pose
serious challenges to the sustainability of rural settlements, requiring sustainable land-
use management, proper spatial planning, and continuous monitoring of construction
trends. The analysis of NDBI and population density maps shows a significant
correlation between increased population density and construction development in the
villages of Firuzabad County. More densely populated areas, due to infrastructure and
access to facilities, have experienced greater construction activities. In contrast, less
populated areas have seen lower levels of construction development and population
attraction.Examples of villages that have experienced significant construction
development and a noticeable decline in agriculture include Jaydasht, Ahmadabad, and
Baygan. On the other hand, villages like Khergheh, Dehoyeh, Manaroyeh, and Qasr-e-
Asim, with smaller populations and less construction, have seen higher migration rates
toward the city.
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Extended Abstract

Introduction

One of the major challenges in Firuzabad County and its surrounding villages is the physical and urban
development, which can lead to the reduction of agricultural resources, environmental degradation, changes in
settlement patterns, and the expansion of built-up areas into agricultural and natural lands. Rapid urban
expansion and unmanaged physical development can cause land-use changes, loss of arable lands, water
resource pollution, and disruption of the region's ecological balance. Furthermore, such development may
impose pressure on rural infrastructure, creating difficulties in providing services and social welfare for
residents. These changes, particularly in residential, agricultural, industrial, and service domains, may have
various positive and negative impacts on the environment, natural resources, and the quality of life in rural areas.
The main question of this study is: How has the physical development of Firuzabad County impacted the
surrounding villages, as assessed through the Normalized Difference Built-up Index (NDBI), and what effects
has this development had on agricultural resources, natural lands, and settlement patterns in rural areas?

Study Area

The study area includes Firuzabad County, which is located in the west-central part of Fars Province, bordered
by Shiraz County to the north, Qir and Karzin to the south, Jahrom to the east, and Farashband to the west. It
lies between latitudes 28°30" to 29°15" N and longitudes 52°06' to 53°00" E.

Material and Methods

This research is applied and analytical. Satellite data from Landsat 5, 7, and 8 were used to calculate the NDBI.
Landsat 5 images covered the 1975-1990 and 19902000 periods, Landsat 7 images were used for 2000-2014,
and Landsat 8 for 2014-2024. The satellite data were filtered for each period, and the Firuzabad County
boundary was applied to the images. The mean NDBI was calculated for each period to produce representative
values. The final images for each time frame were exported to Google Drive for analysis in geographic
information system (GIS) software.Additionally, population density maps for 2000 and 2020 were prepared
using global population data and finalized in GIS software.

Result and Discussion

During the 1975-1990 period, the average NDBI was significantly negative, indicating very limited
construction and a predominance of non-built-up areas such as agricultural and natural lands. Between 1990
and 2000, the changes in NDBI were minimal, reflecting limited growth in built-up areas. The 2000-2014
period showed a slight increase in NDBI, due to gradual expansion of construction, particularly around cities
and larger villages. However, during 2014-2024, a sharp rise in NDBI clearly indicates substantial growth in
built-up areas and a reduction in natural or agricultural lands, driven by population growth, migration, and
urban  development. The gradual increase in NDBI, especially in recent years, has profoundly impacted the
settlement patterns in Firuzabad County. These changes have led to reduced agricultural lands, livelihood
challenges for rural residents, and negative effects on the environmental and social sustainability of villages.
The 2000 population density map of Firuzabad County shows higher concentrations of population in central
and flat areas, while mountainous and elevated regions exhibit lower densities. In the 2020 map, areas with
higher density (brown and red colors) expanded compared to 2000, reflecting population growth in key
settlement centers. This growth is particularly evident in areas near urban and larger rural centers with better
access to services and amenities.

In regions where population density increased by 2020 (indicated by yellow, green, and red areas), NDBI also
showed an upward trend. This demonstrates that population growth has driven increased construction and land-
use changes in these areas, especially near larger villages or rural hubs with economic and service roles for
surrounding areas. In contrast, areas with lower population density (gray and purple colors) showed limited
changes in NDBI, suggesting that construction development in these regions has been minimal, with
outmigration likely occurring toward cities or larger villages.

Conclusion

A comparison of population density maps with NDBI values shows that construction increases were more
pronounced in areas with higher population density. These patterns indicate population migration from rural
areas to urban areas or gradual transformation of rural land use into urban land use. Some villages, particularly
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in the south and southwest of the county, have experienced population declines, reflecting the negative impacts
of physical development on migration and depopulation of these settlements.

The expansion of built-up areas and the increase in NDBI, especially during 2014-2024, have placed
significant pressure on natural resources and agricultural lands in villages near Firuzabad city. This trend has
reduced agricultural productivity, led to illegal land-use changes, and weakened rural livelihoods. Increased
construction in low-lying and fertile plains indicates inadequate planning for protecting agricultural lands and
natural resources. Unplanned physical development in Firuzabad County threatens the sustainability of rural
settlements. Population density declines in some villages and land-use changes reflect reduced attractiveness
for residence and weakened infrastructure. Conversely, villages near the city face challenges such as
overpopulation, uncoordinated development, and agricultural land degradation, which may jeopardize their
long-term sustainability. This study demonstrates that physical development in Firuzabad County, without
proper planning, could result in serious challenges for rural settlements.

Key words: Physical Development, Normalized Difference Built-up Index (NDBI), Population Density,
Firuzabad County.
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