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Abstract

India is the country with high population. Urbanization has become one of the key causes of urban sprawl
and the transformation of the land use pattern, especially in fast-growing metropolitan areas located in
developing countries. The present research aims to study the dynamics of urban sprawl as well as its
impact on the environment, the socio-economic situation, the infrastructure etc. The main outcomes of
unplanned urban sprawl are related to the destruction of agricultural lands, the fragmentation of natural
landscapes, an increase in the level of traffic congestion, the overload of infrastructure facilities, the lack
of access to urban services, etc. On the other hand, urban sprawl provides numerous possibilities for the
development of housing construction projects, infrastructure projects, economic diversity, the
establishment of connections between various urban zones, the implementation of intelligent urban
planning, etc. The study is significant as it deals with the sustainability, community development, urban
planning, natural resources taking care of people and planet.

Keywords: Urban Sprawl, Land Use Dynamics, Rapid Urbanization, Urban Growth, Land Use Change,
Sustainable Urban Development, Remote Sensing, Geographic Information System (GIS), Urban
Planning, Environmental Sustainability

Submitted: June 20, 2026 Revised: July 29,2026 Accepted: August 14, 2026 Published: August 25, 2026

DOI: 10.5281/zenodo.22184684 D CITICTDC]  crcrm o) nccress

1. Introduction

Urbanization has turned out to be one of the most remarkable transformations that characterize the
twenty-first century concerning both demographic and spatial dimensions of urbanization processes. The
constant shifting of population to urban areas leads to an increase in the demand for housing,
transportation, commercial and industrial facilities, as well as other infrastructure. It was stated in UN
DESA (2018) that about 55% of the global population resided in urban areas in 2018, and the ratio would
increase to 68% in 2050. Population growth and development of various spheres usually cause the
expansion of urban areas beyond the initially set administrative borders, leading to a change of rural,
agricultural, and natural landscapes into urban ones. Monitoring the changes in urban land use became
highly relevant regarding the assessment of contemporary urban development sustainability. Urban
sprawl is an emerging phenomenon of urban development, which is defined by low density of
development, fragmentation, decentralization, and dispersed development at the periphery of urbanized
regions. In contrast to the planned growth of urban areas, urban sprawl often occurs through dispersed
residential, commercial, transport and other types of development in peri-urban areas. This process can
be associated with increasing level of income, need for more space, better roads, automobile dependency,
land cost, planning laws and geographic factors. The Organization for Economic Co-operation and
Development (OECD, 2018) states that urban sprawl is multifaceted phenomenon, and its characteristics
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cannot be defined by the concept of population density alone since fragmentation, decentralization and
spatial dispersion are no less important than population density. According to UN-Habitat (2022), the
poorly planned settlements are especially prone to inefficient land use, poor connectivity, insufficient
municipal services, and unsuitable patterns of urban sprawl. However, urbanization may be an
opportunity for economic development, infrastructure investments, job creation, innovations, and better
accessibility if there is good urban and territorial planning. The study of urban sprawl and land use
dynamics has become essential for developing sustainable and resilient cities. Monitoring changes in
built-up land, agricultural areas, vegetation, open spaces, transportation corridors, and peri-urban
settlements can provide valuable evidence regarding the direction and intensity of urban expansion.
Contemporary planning approaches increasingly emphasize integrated land use and transportation
planning, compact development, efficient infrastructure provision, environmental conservation, and
coordinated metropolitan governance. Urban expansion also creates opportunities to employ Geographic
Information Systems (GIS), remote sensing, spatial databases, and geospatial analysis for systematic
monitoring and evidence-based decision-making. Effective policies can therefore transform the pressures
associated with urban growth into opportunities for more compact, connected, inclusive, and
environmentally sustainable urban development. Coordinated planning and governance are particularly
important because urban sprawl frequently extends beyond individual municipal boundaries and requires
integrated policy responses.

2. Background of Study

Urban growth has historically been associated with economic development, industrialization, population
concentration, and improvements in infrastructure and employment opportunities. However,
contemporary urbanization is increasingly characterized by the rapid physical expansion of cities beyond
their traditional boundaries. Such expansion alters the spatial organization of settlements and creates
significant changes in the distribution of residential, commercial, industrial, agricultural, and open land.
Global evidence shows that built-up land expansion is influenced not only by population growth but also
by changes in per-capita land consumption, with substantial differences across regions and municipalities
(Schug et al., 2021). Land use and land cover changes are among the most visible consequences of urban
sprawl. As cities expand outward, agricultural areas, vegetation, vacant land, and other natural surfaces
are progressively converted into built-up environments. Empirical research in rapidly urbanizing cities
demonstrates the magnitude of this transformation. The growing complexity of urban expansion has
simultaneously increased the importance of geospatial technologies in urban research and planning.
Remote sensing and Geographic Information Systems (GIS) enable researchers to identify, map,
quantify, and compare changes in built-up areas and other land-use categories over different periods.
These techniques are particularly valuable because urban sprawl does not occur uniformly; it may emerge
through edge expansion, scattered development, infilling, or the creation of new development clusters.
Research conducted by Bhat et al. (2021) demonstrates how Landsat satellite imagery, GIS, and statistical
techniques can be employed to capture urban growth patterns and spatial disparities and thereby support
sustainable land-use planning. Uncontrolled expansion can increase infrastructure costs, lengthen travel
distances, intensify automobile dependence, and place additional pressure on land and environmental
resources. The properly managed urban expansion can facilitate planned residential development,
infrastructure investment, improved connectivity, economic activity, and more efficient allocation of
urban land. The World Bank (2023) emphasized that well-managed urbanization can contribute to
resource- and carbon-efficient development, highlighting the strategic importance of sustainable cities in
responding to climate and development challenges. The present study focuses on urban sprawl and land
use dynamics in the era of rapid urbanization to understand emerging spatial challenges while identifying
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opportunities for sustainable land-use planning, compact development, improved governance, and
environmentally responsible urban growth.

3. Scope and Significance of Study

Urban growth in India goes beyond municipal boundaries. Hence, peri-urban transformation is
significant for metro-regional planning. Remote sensing and Geographic Information System (GIS)
methodologies to assess changes in land use and land cover through time are also covered in the study.
Satellite observations offer a scientific way of identifying increases in built-up areas, reduction in
agricultural and natural lands, spatial fragmentation, and new development trends. Geospatial methods
are particularly useful in urban planning since they offer scientific ways of representing the changes
made in a quantitative and geographic way. Kanga et al. (2022) showed how geospatial methodologies
are useful in the evaluation of urbanization and its impacts on the geoenvironmental conditions. This
study has included both the physical aspects of urbanization and the technologies involved in measuring
them.

The study provides additional knowledge concerning the environmental and spatial impacts caused by
unplanned urban development. Unplanned urbanization can cause agricultural lands transformation,
natural landscape fragmentation, impervious surface increase, infrastructure burdening, and environment
degradation. All these factors could result in serious impacts upon ecosystem functioning, water
resources state, urban climate conditions, and quality of human settlements. Suchocka et al. (2021)
revealed that satellite images and GIS-based land use analysis could help to determine the trends of
development and decrease of agricultural lands and provide an effective tool for spatial management of
the processes. According to information provided by the World Bank (2021), successful cities always
make sure that their physical growth is aligned with economic needs and that they facilitate such growth
with proper planning, policy, infrastructure, and investments, thus minimizing the risks posed by
uncontrolled sprawl. This research is particularly focused on the Ajmer City of Rajasthan State in India.

4. Objective of Study

e To examine the nature, extent, and spatial patterns of urban sprawl under rapid urbanization

e To analyze the changes in land use and land cover associated with the expansion of urban areas

e To identify the major demographic, infrastructural, economic, and spatial factors contributing to
urban sprawl

e To assess the environmental and socio-economic challenges arising from rapid urban expansion
and changing land use patterns

e To examine the role of Remote Sensing and Geographic Information System (GIS) in monitoring
and analyzing urban sprawl and land use dynamics

5. Review of Literature

Zhang and Seto (2011) examined urbanization dynamics using multi-temporal nighttime light data and
demonstrated that satellite-based observations can effectively capture changes in urban land cover,
population concentration, and economic activity across regional and global scales. Their study
established the importance of integrating spatial indicators for understanding the multidimensional nature
of urban growth. The findings suggested that conventional administrative statistics alone are insufficient
to represent the spatial complexity of expanding urban areas. Remote sensing-based monitoring therefore
provides an important empirical foundation for identifying emerging patterns of urban expansion and
supporting regional land-use planning.
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Hassan (2017) investigated land use and land cover change and urban growth patterns in five rapidly
growing cities of Bangladesh using remote sensing and spatial analysis. The study revealed substantial
variations in urban morphology and demonstrated that urban expansion is closely connected with the
conversion of non-built-up land into residential, commercial, and infrastructural uses. The research
highlighted the importance of studying both temporal and spatial dimensions of urban growth because
different cities follow distinct expansion trajectories. It also showed that geospatial techniques can
provide valuable evidence for understanding uncontrolled development and improving sustainable urban
planning.

Dhanaraj and Angadi (2021) analyzed urban expansion using remote sensing data and emphasized that
urban growth occurs through different spatial forms, including infill development, edge expansion,
dispersion, coalescence, and leapfrog development. Their study demonstrated that identifying these
growth typologies is important because the same overall increase in built-up area may represent
substantially different spatial development processes. The authors highlighted the usefulness of satellite
imagery and spatial metrics for characterizing complex urban expansion patterns and generating
information required for sustainable land-use planning. The study therefore reinforces the relevance of
GIS and remote sensing in examining the spatial structure of urban sprawl.

Amini et al. (2022) conducted a comprehensive analysis of urban land use and land cover change and
highlighted the importance of mapping LULC dynamics for evaluating the interaction between
socioeconomic development and environmental transformation. Their study demonstrated that land-use
change analysis can reveal the extent to which expanding urban areas replace agricultural land,
vegetation, water bodies, and other natural surfaces. The authors emphasized that spatially explicit
information on such transformations is essential for understanding environmental pressures generated by
urbanization. The study further established that remote sensing-based LULC monitoring can contribute
to evidence-based planning and sustainable management of rapidly transforming urban landscapes.

Padma et al. (2022) examined land-cover changes associated with urban expansion along an outer ring
road in southern India using Remote Sensing and GIS techniques. Their findings demonstrated that
transportation infrastructure can significantly influence the direction and intensity of urban growth by
encouraging the conversion of surrounding land into built-up uses. The study is particularly relevant
because it shows how road development can become an important catalyst for peri-urban expansion and
spatial restructuring.

Allan et al. (2022) reviewed the major driving forces behind land use and land cover change in urban
areas and identified demographic, economic, technological, institutional, political, and environmental
factors as important determinants of urban transformation. Their work indicated that urban sprawl cannot
be explained by population growth alone; rather, it results from the interaction of multiple socioeconomic
and spatial drivers. The study emphasized the importance of understanding these underlying forces when
designing policies for land management and sustainable urban development.

Kabeja et al. (2022) used multi-temporal remote sensing data to monitor land use and land cover changes
and reported considerable expansion of urban landscapes over the study period. Their findings
demonstrated that repeated satellite observations enable researchers to quantify the pace and direction of
urban transformation and identify declining or expanding land-cover categories. The study highlighted
the usefulness of long-term spatial monitoring for recognizing development pressure on natural and semi-
natural landscapes.
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Somayajula et al. (2022) emphasized the role of remote sensing in evaluating large-scale environmental
and land-cover changes because satellite data permit repeated observation of extensive geographical
areas. Their research demonstrated that spatio-temporal classification and validation techniques can
provide reliable information regarding changing land-use patterns and urban expansion. The study also
underlined the importance of accuracy assessment when preparing land-use and land-cover maps for
research and planning purposes.

6. Discussion and Analysis

Urban sprawl represents a complex spatial outcome of rapid urbanization in which the physical expansion
of cities frequently occurs faster than the efficient utilization of available urban land. Population growth
is an important driver, but urban expansion is also shaped by economic development, income,
infrastructure investment, transportation accessibility, and the existing spatial structure of cities. Mahtta
et al. (2022), analyzing more than 300 cities globally, found that the relationship between population
growth and urban land expansion varies considerably according to city size and socioeconomic
conditions. This indicates that urban sprawl cannot be attributed to demographic pressure alone. From a
land-management perspective, the critical issue is whether additional urban land consumption produces
proportionate social and economic benefits or generates fragmented and inefficient settlement patterns.

The analysis of land use dynamics shows that outward urban expansion generally increases built-up land
at the expense of agricultural land, vegetation, open spaces, and other non-urban land categories. This
transformation is especially significant in peri-urban areas, where urban and rural land uses interact and
where development controls may be comparatively weak. Evidence from Bengaluru Rural District
demonstrates that urban sprawl has significantly transformed land-use and land-cover patterns and placed
pressure on productive land resources (Bharath et al., 2023).

The Indian urban context further demonstrates that sprawl is increasingly affecting medium-sized cities
rather than remaining confined to major metropolitan centres. Geospatial analysis of Lucknow,
Bhubaneswar, Raipur, and Dehradun between 1991 and 2021 identified rapid increases in built-up land
and the prevalence of urban sprawl across all four urban agglomerations. Edge expansion was found to
be more dominant than leapfrog and ribbon development. These patterns indicate that urban growth
progressively extends from established urban cores into surrounding peripheral areas, creating pressure
on infrastructure and land resources. The findings also reinforce the importance of examining urban
morphology because the spatial form of expansion determines infrastructure requirements, travel
patterns, environmental pressure, and the efficiency of urban service delivery (Sahana et al., 2022).

Transportation infrastructure and development corridors constitute another important dimension of urban
sprawl. Improved roads, highways, public transport facilities, and connectivity enhance accessibility to
peripheral locations, thereby increasing their attractiveness for residential, industrial, and commercial
development. As accessibility improves, previously rural or agricultural land may experience increasing
development pressure and rising land values. Research on South Bengal indicates substantial growth in
population and built-up density in peri-urban areas, with development concentrated around urban cores
and major road networks while remaining dispersed in other locations (Sahana et al., 2023).

Loss of vegetation and agricultural land can additionally reduce ecological services and weaken the
environmental resilience of urban regions. Research examining Bengaluru's rural surroundings has
highlighted the relationship between land-use/land-cover change and variations in land surface
temperature, demonstrating how metropolitan expansion can influence the environmental characteristics
of adjoining rural areas (Ramachandra et al., 2023). These relationships underline the need to integrate
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environmental indicators with conventional land-use analysis when assessing the sustainability of urban
expansion.

Gaur and Singh (2023) emphasize that land-use/land-cover modelling can help researchers and planners
understand the dynamics of future urban expansion and evaluate alternative development trajectories.
Thus, geospatial technologies can move urban planning from retrospective observation towards
predictive and evidence-based land management.

Compact and strategically connected development can potentially reduce excessive land consumption
and infrastructure costs while improving accessibility and resource efficiency. Scenario-based research
by Lu et al. (2022) demonstrated that environmental protection constraints can be incorporated into urban
land-use modelling to assess more sustainable future development pathways. The objective of urban
policy should not necessarily be to prevent urban expansion but to guide its location, density, form, and
environmental impact through integrated planning.

Figure: Urban Sprawl and Land-Use Dynamics in Ajmer City, Rajasthan

Land-use change, 2000-2017
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(Data/source: LULC values and mapped comparison are based on the published study “Impacts of
Urbanization on Land Use Pattern and Environment: A Case Study of Ajmer City, Rajasthan,” using
Landsat imagery for 2000 and 2017 and supervised maximum-likelihood classification in GIS. Historical
corroboration: Jat, M. K., Garg, P. K., & Khare, D. (2008), International Journal of Applied Earth
Observation and Geoinformation, 10(1), 2643, DOI 10.1016/j.jag.2007.04.002. For planning context,
the Ajmer Development Authority Land Use Plan—2033 is an official 1:40,000 planning layer approved
in 2021). The simultaneous expansion of built-up land and contraction of agricultural land provides direct
spatial evidence of outward urban growth and land-use conversion in Ajmer.

The author has used the research-paper evidence figure as below. The study uses the published Ajmer
LULC comparison for 2000 and 2017, where built-up land rises from 16.12 km? to 30.15 km? (about
87.0% increase) and agricultural land falls from 47.34 km? to 33.60 km? (about 29.0% decrease). This
is consistent with earlier independent Ajmer research documenting substantial urban sprawl during
1977-2002.
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Figure 2: Comparative Maps Indicating the Rise in Land Use and Urban Growth in Ajmer
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The comparative Land Use/Land Cover (LULC) maps of Ajmer City for 2000 and 2017 demonstrate a
substantial increase in urban sprawl and built-up land over the study period. The built-up area
increased from 16.12 km? (19.73%) in 2000 to 30.15 km? (36.00%) in 2017, representing an increase
of approximately 87%. This expansion occurred alongside a considerable decline in agricultural land
from 47.34 km? to 33.60 km?, indicating the conversion of peripheral agricultural and open spaces into
urban uses. Spatially, the maps show that development extended outward from the established urban
core, particularly along major transportation corridors and surrounding peripheral areas. Overall, the
changing LULC pattern provides clear evidence of rapid urban expansion, land-use conversion, and
intensification of urban sprawl in Ajmer, reflecting the growing pressure of urbanization on the
surrounding landscape. The analysis demonstrates that urban sprawl and land-use dynamics involve an
interconnected relationship among population growth, economic development, infrastructure expansion,
land-market processes, environmental change, and planning institutions. The major challenge lies in
reconciling the demand for additional urban space with the conservation of agricultural land, green areas,
water resources, and environmentally sensitive landscapes. At the same time, advances in Remote
Sensing, GIS, spatial metrics, and predictive modelling provide significant opportunities to monitor and
manage these transformations systematically. Sustainable urban development therefore requires
integrated land-use and transportation planning, continuous geospatial monitoring, protection of
ecologically valuable land, controlled peri-urban development, and stronger coordination among
planning authorities. Such an approach can transform urban expansion from uncontrolled sprawl into a
more planned, compact, resilient, and sustainable process.

7. Finding of Study

www.ijtmss.org ©AIll Copyrights Reserved
176



International Journal of Technology, Management and Social Sciences (IJTMSS)

Volume 4_Issue 3 [July-Sept 2026]

e The study finds that rapid urbanization has substantially accelerated the outward expansion of
built-up areas. Residential development, commercial activities, industrial growth, and
infrastructure expansion are increasingly extending into peripheral and peri-urban areas.

e Ajmer City experienced substantial urban expansion between 2000 and 2017, with the built-up
area increasing from 16.12 km? to 30.15 km?, representing approximately 87% growth and
indicating rapid outward urban sprawl.

e Urban expansion is associated with the conversion of agricultural land, vegetation, open spaces,
and other non-built-up areas into residential, commercial, transportation, and infrastructural uses.
This indicates a continuing transformation of the urban—rural landscape.

e Population growth alone does not explain urban sprawl. Economic development, increasing
demand for housing, land prices, transportation accessibility, infrastructure investment,
employment opportunities, and planning practices collectively influence the direction and
intensity of urban expansion.

e The study identifies the loss and fragmentation of agricultural land and natural landscapes as
important consequences of uncontrolled urban growth. Such changes may adversely affect
ecological balance, biodiversity, groundwater recharge, food-producing land, and environmental
sustainability.

e Roads, highways, transportation corridors, and improved connectivity significantly influence the
spatial direction of urban growth. Development tends to concentrate around major transportation
networks, creating new residential and commercial clusters outside established urban centres.

¢ Increasing built-up surfaces and declining vegetation contribute to environmental concerns such
as higher land surface temperatures, surface runoff, pressure on water resources, habitat
fragmentation, and reduced ecological services. Unplanned development may therefore weaken
the environmental resilience of urban regions.

e Remote Sensing and Geographic Information Systems are found to be effective tools for
identifying, mapping, and monitoring land use and land cover changes. Multi-temporal satellite
data enable systematic assessment of the magnitude, direction, and spatial pattern of urban
expansion.

e The study finds that urban expansion need not necessarily produce unsustainable outcomes when
supported by appropriate planning. Compact development, integrated land-use and transportation
planning, protection of environmentally sensitive areas, geospatial monitoring, and effective
development controls can reduce the adverse consequences of urban sprawl.

8. Conclusion

All of the above discussion indicates that urban sprawl and changing land use patterns are significant
consequences of rapid urbanization and have profound implications for sustainable urban development.
The outward expansion of built-up areas leads to the conversion of agricultural land, vegetation, open
spaces, and peri-urban landscapes while increasing pressure on infrastructure, transportation systems,
natural resources, and environmental quality. Urban sprawl is influenced by interconnected demographic,
economic, infrastructural, technological, and institutional factors rather than population growth alone. At
the same time, urbanization creates opportunities for housing development, economic growth, improved
connectivity, infrastructure investment, and technological innovation. Remote Sensing and Geographic
Information Systems (GIS) offer effective mechanisms for monitoring spatial changes and supporting
evidence-based planning. Therefore, sustainable management of urban expansion requires integrated
land-use and transportation planning, compact development, protection of environmentally sensitive
areas, effective development regulations, and continuous geospatial monitoring, and coordinated urban
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governance. A balanced approach can transform rapid urban growth into an opportunity for creating
resilient, inclusive, environmentally responsible, and sustainably planned cities.
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