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Abstract !
This study investigates urban sprawl patterns and their relationship with land
use and land cover (LULC) transformations in Palakkad Municipality, a fast-

growing medium-sized urban centre in Kerala, India, through the application
of geospatial techniques. Such towns are increasingly experiencing
significant land transformation due to growing population pressure and
infrastructure expansion, yet remain underrepresented in urban sprawl
studies. Multi-temporal Landsat imagery for the years 2001, 2011, and 2021
was analysed to perform change detection, and a supervised classification
approach based on the maximum likelihood algorithm was employed
to delineate five major land use categories. The extent of built-up land
increased from 16.17% in 2001 to 50.80% in 2021, representing a net
increase of 34.63%. The spatial pattern shows a transition from monocentric
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growth to linear expansion along major transportation corridors, with mixed
tree vegetation and net sown areas being progressively converted to built-up
land. These changes, supported by population and workforce growth trends,
indicate increasing pressure on land resources and emerging ecological
imbalance. The study provides a data-driven basis for urban planners and
policymakers to promote sustainable land-use strategies and manage urban
expansion in similar emerging urban centres.

Introduction
Urban sprawl is commonly understood as a pattern
of dispersed and poorly coordinated urban growth

that extends beyond established city boundaries
into previously non-urban areas." As populations
grow and cities modernise, development typically
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spills over city limits, resulting in low-density,
scattered settlements.? This horizontal expansion
continually strains existing public infrastructure,
increases commuting distances and transportation
costs, and irreversibly replaces fertile farmland
and natural habitats with impervious concrete
surfaces.® The environmental consequences of such
transformations are severe. They reduce regional
biodiversity, increase soil erosion, and drastically
disrupt natural hydrological processes by limiting
groundwater recharge and altering surface runoff.
Furthermore, the rapid depletion of agricultural land
directly threatens local food security and complicates
natural resource management, creating a pressing
challenge for rapidly developing municipalities that
must balance economic growth with ecological
preservation*® However, the characteristics of urban
sprawl vary significantly across different spatial
contexts. While classical definitions often reflect
low-density suburban expansion typical of Western
cities, urban growth in Indian medium-sized towns
tends to exhibit mixed-density and corridor-based
expansion influenced by transportation networks
and institutional development.

Addressing the complexities associated with
urban sprawl necessitates the use of geospatial
tools, including remote sensing and Geographic
Information Systems (GIS), to effectively monitor
and analyse land surface changes over time.®’
Traditional land surveying methods, while highly
accurate at a micro-level, are labour-intensive,
time-consuming, and cost-prohibitive for large-
scale, continuous monitoring.®® In contrast, remote
sensing offers a cost-effective, comprehensive view
of vast geographic areas, enabling researchers to
track spatiotemporal urban growth patterns through
repeated, multi-spectral satellite observations.10
GIS functions as the analytical core, providing
advanced tools to process spatial data, classify land
cover types, and evaluate structural changes across
different time periods.' Together, these integrated
geoinformatics tools enhance the understanding
of how urbanisation physically transforms land
cover, helping city planners to map historical growth
trajectories, predict future expansion zones, and
develop effective policies to control urban sprawl.

The continuous monitoring of temporal changes in
the land using these spatial analysis tools is essential
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for evidence-based urban planning. As cities expand,
the widespread global trend of converting natural
landscapes and vital agricultural zones into built-up
areas increasingly threatens delicate ecosystems
and overall urban livability.'? Geoinformatics
provides timely and highly accurate LULC data,
which is crucial for preventing socio-ecological
harm and guiding municipalities toward sustainable
development.™ By accurately mapping both current
urban growth patterns and the historical footprint
of built-up areas, decision-makers can better
understand the underlying drivers of urbanisation.
This spatial intelligence is vital for implementing
zoning regulations, protecting vulnerable farmlands,
conserving green spaces, and maintaining critical
ecosystem services amid rapid modernisation.

In the regional context, Palakkad, widely recognised
as the "Gateway of Kerala", offers a compelling
example of rapid urban transformation. Located
near the Palghat Gap in the Western Ghats, the
city has historically served as a vital commercial
and cultural corridor connecting Kerala to the
rest of India. In recent decades, Palakkad has
experienced significant urbanisation driven by
shifting demographic patterns, increased economic
activities, and major infrastructure developments.®
This unregulated expansion has gradually shifted
from a centralised core to extensive horizontal
growth, leading to the ongoing depletion of
traditional agricultural lands, mixed tree vegetation,
and local ecosystems.' Therefore, an integrated
analysis using GIS and remote sensing is crucial
to understanding these region-specific land
transformations, assessing their environmental
impacts, and creating a data-driven basis for
sustainable urban planning.

Research Aim & Objectives

The primary aim of this research is to analyse the
spatio-temporal dynamics of urban sprawl and
its direct impact on LULC conversions within the
Palakkad Municipality using geoinformatics.The
study is structured around the following objectives:

. To analyse the extent, pattern, and rate of urban
sprawl in Palakkad Municipality through the
use of temporal satellite data and GIS-based
analysis.

*  To evaluate the quantitative changes in LULC
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categories over specific periods (2001, 2011,
and 2021) and determine their relationship with
urban expansion.

* To examine the demographic changes across
the last two decades and determine how growth
in population and workforce variations have
driven the town's horizontal development.

Literature Review

Several studies have demonstrated the effectiveness
of combining remote sensing and GIS to monitor
rapid urbanisation and its effects on LULC changes,
especially in South Asian cities.?®"'° This integrated
geospatial approach creates a comprehensive
framework for explaining the multifaceted interactions
between human actions and natural processes
in urbanised landscapes.”"" By utilising remote
sensing for accurate land cover classification and
GIS for sophisticated spatial analysis, researchers
can effectively track irreversible land development,
which is crucial for guiding future land-use planning
in rapidly growing regions.® Research on various
Indian cities, including Palakkad, has clearly shown
significant increases in built-up areas alongside
sharp declines in vegetative and agricultural
lands over recent decades.?'2'%'® These profound
shifts are primarily driven by rapid infrastructural
development and unchecked population growth.'
Additionally, analyses of these LULC changes
consistently indicate that extensive urban expansion
is strongly linked to notable increases in land surface
temperatures and decreases in green cover, thereby
significantly intensifying the urban heat island
effect. In the broader Palakkad Gap, the transition
from vegetated to built-up surfaces resulted in
the expansion of High LST zones by over 12,000
hectares, signaling a critical trajectory of intensified
surface warming."” Detailed case studies in the
Pudusserri Gramapanchayat in Palakkad region
highlight that built-up land expanded by 132.8%
over a twenty-year period, growing from 430.65
hectares in 2001 to 1,002.01 hectares by 2021.18
Such rapid environmental transformations also lead
to broader ecological disruptions, including habitat
fragmentation and severely altered hydrological
regimes.'?

To address these challenges, the integration of GIS
and remote sensing offers proven robust capabilities
for both historical monitoring and scenario simulation,
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allowing for accurate forecasting of future LULC
changes based on development stages and urban
planning parameters.®'®'" Numerous studies have
shown that adopting "smart growth" approaches
effectively mitigates the negative effects of
unplanned expansion by encouraging sustainable
and coordinated development practices.'?"3
Ultimately, these systematic methodologies facilitate
the development of strategic land management
policies that strongly reduce the environmental
harms of urbanisation and guide cities toward
sustainable growth.™

Despite these advancements, most current research
focuses primarily on descriptive change detection
without adequately quantifying the spatial dispersion
and intensity of urban growth. Research in Mekelle
City, Ethiopia, addresses this by demonstrating
the utility of Shannon’s entropy and spatial metrics
to quantify sprawl, revealing a sixfold built-up
expansion characterized by increasing landscape
heterogeneity.'® Furthermore, limited attention
has been given to validating classification outputs
and linking spatial patterns with underlying socio-
economic drivers. Similarly, longitudinal analysis
of the Nairobi and Ruiru catchments in Kenya has
successfully linked spatial transitions to socio-
economic drivers, showing how population pressure
and infrastructure expansion catalyzed a 400%
increase in urban land cover.?® Because such
integrated analytical approaches remain relatively
scarce in the broader literature, a comprehensive
understanding of urban sprawl dynamics is often
restricted. The present study addresses this gap
by combining change detection with quantitative
analysis and contextual interpretation of urban
growth patterns.

Overview of the Study Area

Palakkad Municipality represents a typical medium-
sized urban centre in India, where rapid urbanisation
is occurring outside major metropolitan regions. In
the national context, such towns are increasingly
experiencing significant land-use transformations
driven by population growth, infrastructure
expansion, and regional connectivity. Unlike large
metropolitan cities, medium-sized municipalities
like Palakkad often lack comprehensive planning
frameworks, making them more vulnerable to
unregulated spatial expansion. Therefore, studying
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Palakkad provides insights into broader patterns
of urban transformation occurring across similar
towns in India.

Palakkad city functions as the administrative
headquarters of Palakkad district in Kerala.
Geographically, the wider district is bordered by
Malappuram to the northwest, Thrissur to the
southwest, and Tamil Nadu's Coimbatore district
to the east. A key geographical feature of the
region is its proximity to the Palghat Gap, a natural
depression spanning 32 to 42 km within the 960 km
of the Western Ghats. This gap serves as a vital
ecological and transportation corridor connecting
the plains of Tamil Nadu to eastern Kerala. As a
result, it significantly influences the region's climate,
commerce, and cultural exchanges with the rest of
the country.
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The focus of this study is the Palakkad Municipality,
which covers a total area of 26.60 sq. km.?'
Topographically, the municipal area is clearly defined
by natural and administrative boundaries: it is
bounded by the Kalpathy River and Puduppariyaram
Panchayat to the north, the Kannadi River to the
south, Marutharod Panchayat to the east, and
Pirayiri Panchayat to the west.?' As per Census
2011, the population of Palakkad Municipality was
130,955, with a high population density reflecting
increasing urban pressure. The spatial distribution is
characterised by a dense urban core with expanding
peripheral settlements. This demographic pressure
reflects wider trends observed in emerging urban
centres across India. The location of Palakkad
Municipality within Palakkad District is shown in
Figure 1.
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Location of Palakkad Municipality within Palakkad District
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Materials and Methods

This study employs a multi-temporal spatial analysis
approach to evaluate LULC changes due to urban
sprawl in the Palakkad Municipality. Covering the
years 2001, 2011, and 2021, the methodology
integrates remote sensing systems with GIS
modelling to classify, quantify, and map variations
across different land cover types. Statistical and
spatial analytical tools are used to assess the
magnitude, direction, and urban growth pattern.'® At
the same time, demographic and infrastructural data
are integrated to interpret the socioeconomic drivers
behind this sprawl. Furthermore, ground verification
and field observations were used to assess the
reliability of the classification results. Representative
locations across different land-use categories
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were compared with available secondary data
sources to verify classification accuracy. This cross-
verification ensured that the identified spatial patterns
correspond closely with actual ground conditions.

Data Sources and Materials

The analysis is based on a combination of primary
and secondary data sources, with multi-temporal
satellite imagery forming the foundation of the
research. The Landsat series was chosen for its
consistent temporal coverage, reliable spectral
resolution, and compatibility with LULC mapping.
The satellite data were sourced from the United
States Geological Survey (USGS) EarthExplorer
database. Detailed specifications of the imagery
used for this analysis are provided in Table 1.

Table 1: Specifications of Landsat Satellite Imagery Used for Spatial Analysis.

Satellite Sensor/ Instrument Spatial Resolution Spectral Bands Used Path / Row Acquisition

| Mission (m) Year

Landsat 7 Enhanced Thematic 30 (Multispectral), Bands 1-5, 7 (Visible, Path 144 / 2001
Mapper Plus 15 (Pan) NIR, SWIR) Row 053

Landsat7  Enhanced Thematic =~ 30 (Multispectral), Bands 1-5, 7 (Visible, Path 144 / 2011
Mapper Plus 15 (Pan) NIR, SWIR) Row 053

Landsat8  Operational Land 30 (Multispectral), Bands 2-7 (Visible, Path 144 / 2021
Imager 15 (Pan) NIR, SWIR) Row 052

Along with satellite imagery, demographic and
planning datasets were included to link horizontal
urban growth to population changes. These include:

*  Census of India (2001 and 2011): Population,
workforce, and housing data drawn from the
Primary Census Abstracts.

*  Survey Reports (2023): Field-based ground
truth surveys and demographic validations.

* Local Planning Records: Urban zoning and
infrastructure data obtained from the Palakkad
Municipal Office.

Pre-Processing and Classification Workflow

All satellite images underwent a rigorous pre-
processing workflow prior to analysis. Radiometric
and atmospheric corrections were applied to
eliminate sensor-related noise and atmospheric
distortions. The imagery was geometrically corrected
to align with a common reference system (WGS 84,
UTM Zone 43N). Following this, layer stacking and

subsetting were performed to prepare uniform image
extents corresponding exactly to the municipal
boundaries of the study area.

A supervised classification approach based on
the maximum likelihood algorithm was employed
to classify the imagery into five primary land
cover categories: built-up areas (settlements and
infrastructure), mixed tree cover (vegetation and
social forestry), net sown agricultural land, fallow
land, and water bodies. The classification scheme
broadly follows standard land-use and land-cover
classification guidelines recommended by the
National Remote Sensing Centre (NRSC), ensuring
consistency and comparability of the classes.? Post-
classification change detection was then performed
to evaluate spatial transitions and calculate precise
square-kilometre differences between classes
across the three study years. Finally, spatial
analyses, including overlay operations and zonal
mapping, were carried out in the GIS environment
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to quantify urban expansion, identify growth
corridors, and examine the underlying drivers of
land transformation.

Results and Discussion

The urban sprawl and spatial growth of Palakkad
Municipality can be understood through the
Monocentric City Model, which suggests that urban
development initially centres around a single core
workplace. In Palakkad, early development was
focused on the town centre, including the Municipal
Office, Sulthanpet, Narikkuthy, and Pattikkara.
During this phase, growth was fairly uniform, with a
regular road network, resulting in a radial pattern of
expansion. However, rapid population increase and
strict vertical development restrictions eventually
led to horizontal growth. This outward expansion
became more uneven over time, primarily due
to physical constraints and differing levels of
accessibility.

Initially, urban development in the northwestern
sector was limited by the Kalpathi River due to poor
connectivity. To overcome this natural obstacle,
significant infrastructural projects were undertaken,
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including the construction of bridges like the
Puthiyapalam. The subsequent development of
key institutions around Olavakkode Junction and
Railway Station, such as Malabar Hospital, various
cooperative colleges, and MES Higher Secondary
School, spurred growth in this previously isolated
area. Similarly, the southern municipal boundary,
bordered by the Kannadi River, experienced growth
mainly driven by road connectivity and access to
essential services. Today, the most notable feature
of Palakkad’s expansion is its linear pattern along
major transport routes. Urban development has
shifted beyond the central core and now extends
actively along National Highway 213 and important
state and district highways.

Visual interpretation of satellite imagery from 2001,
2011, and 2021 clearly shows the extent of this
expansion. The total urban built-up area of Palakkad
Municipality increased significantly, transforming the
fringe areas such as Olavakkode Central and South,
Valiyapadam, Thonipalayam, Kallepilly, Mankavu,
Chirakkadu, Thirunellayi, Kallikkad, Pallipuram, and
Meparamba, as detailed in Table 2.

Table 2: Decadal Changes in Total Urban Area Within Palakkad Municipality (2001-2021)

Year Urban Area (Sq Km) Urban Area (%) Change in Area Change in %
2001 4.54 16.17 Base Year Base Year
2011 6.04 21.52 +1.50 Sq Km +5.35%

2021 14.25 50.80 +8.21 Sq Km +29.28%

(Source: Census data & Computed by Researcher)

Changes in built-up area were examined over
the study period to assess the extent of urban
expansion. The built-up area increased from 16.17%
in 2001 to0 21.52% in 2011, and further to 50.80% in
2021. This indicates a relatively moderate increase
during 2001-2011, followed by a rapid expansion
during 2011-2021, highlighting a clear acceleration
in urban sprawl.

Despite this outward sprawl, the historical core
along the Shoranur-Coimbatore road remains the
town's commercial heart. Sulthanpet Junction serves
as a vital commercial node, highlighted by a 1.50
km stretch of diverse mixed-use developments.

Planning for an expected 25 per cent increase in the
urban population and a 150 per cent surge in floating
population will necessitate careful redevelopment
of areas like the Big Bazar to keep the urban core
lively. Additionally, future planning should consider
the rising influence of key institutions, including
Olavakkode Railway station, Medical College,
Malampuzha Dam, and |IT Palakkad, along with
emerging urban centres such as Yakkara, Chandra-
nagar, and Pirayiri.

To quantitatively evaluate these spatial transforma-
tions, change detection analysis was performed
across five major LULC classes. The visual
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progression of these spatial changes, derived from
supervised classification of Landsat imagery for
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2001, 2011, and 2021, is shown in Figures 2, 3, and
4, respectively.
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Fig. 2: LULC Map of palakkad municipality for the Year 2001.

The analysis highlights considerable variations in
land distribution over the course of the study period,
as detailed in Table 3. A visual distinction of these
proportional changes is further illustrated in Figure 5.
The most significant finding is the rapid expansion
of the built-up environment, including residential
zones, commercial buildings, railway infrastructure,
and institutional spaces, which by 2021 had covered
more than half of the municipality (50.80 per cent).
Conversely, the environment experienced notable
degradation: the area covered by mixed trees
(vegetation and social forestry) declined from
31.02 per centin 2001 to just 7.98 per cent in 2021.
Similarly, net sown agricultural land reduced sharply
from 23.22 per cent to 6.20 per cent over the same
period. The data clearly shows that the rapid growth

of human settlements in Palakkad directly led to
the conversion of agricultural lands and natural
vegetation, resulting in fragmented landscapes.
Additionally, the gradual rise in fallow land (from
23.22 per cent to 29.39 per cent) indicates an
increase in uncultivated parcels left vacant around
expanding construction zones. The LULC maps
generated through classification were cross-verified
using field observations and available secondary
data sources, confirming the overall spatial patterns
of built-up expansion and decline in vegetation and
agricultural land.

The observed changes in LULC reflect the dynamic
nature of urban transformation in rapidly developing
medium-sized towns. In the context of Palakkad,
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agricultural lands often undergo transitional
stages such as temporary fallow conditions before
conversion into built-up areas, while vegetation
and cultivated lands may vary due to seasonal
practices and land management decisions. These
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temporal variations represent ongoing land-use
conversion processes rather than isolated changes,
and together they reinforce the broader trend of
increasing urban expansion and declining productive
and vegetated land.
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Fig. 3: LULC Map of Palakkad Municipality for the Year 2011.

The physical expansion of the city is closely
connected to underlying demographic changes.
Analysing demographic parameters offers essential
context for the rising demand for urban land, as
shown in Table 4.

A deeper analysis of the demographic profile adds
more context to this growth. According to the 2011
Census, Palakkad had a population of 130955,
consisting of 63833 males and 67122 females, with
children under six making up 9.30 per cent of the
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total. The female sex ratio was 1052, slightly below
the state average of 1084, while the child sex ratio
was 958. The overall literacy rate was 93.90 per
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cent, with male literacy at 96.54 per cent and female
literacy at 91.42 per cent.
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Fig. 4: LULC Map of Palakkad Municipality for the Year 2021.

Table 3: Spatiotemporal Changes in LULC Classes.

Land Use Class 2001 2001 2011 2011 2021 2021
(SaKm) (%) (SaKm) (%) (SaKm) (%)
Built up 4.54 16.17  6.04 21.52 14.25 50.80
Fallow Land 6.52 2322 748 26.65 8.25 29.39
Mixed Trees 8.71 31.02 1.13 4.02 224 7.98
NetArea Sown  6.52 23.22 11.80 42.04 1.74 6.20
Water Bodies 1.79 6.37 1.62 5.77 1.58 5.63
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Table 4: Demographic Characteristics and Urban Growth Indicators (2001-2021).

Year Total Population Total Workers Main Workers Population Change
2001 130767 42932 39227 Base Year

2011 130955 45696 41011 +188 (+0.14%)
2021 135906 49809 43940 +4951 (+3.78%)

(Source: Census data & Computed by Researcher)

The administrative evolution of the municipality,
which expanded from 50 to 53 wards between
2011 and 2023, reflects the complexities of
managing rapid growth. Currently, the municipality
is responsible for providing basic amenities,
including water and sewerage, to over 31,176
houses. Furthermore, due to the postponement of
the 2021 census, the current estimated population
of Palakkad municipality in 2023 is approximately
180000. These combined spatial and demographic
findings emphasise the urgent need to regulate
unchecked sprawl and implement targeted urban
planning frameworks to balance infrastructure
development with environmental preservation.

The broader implications of these findings indicate
that the current land transformation in Palakkad is
ecologically unsustainable. Replacing permeable
agricultural and vegetative surfaces with imperme-
able concrete not only threatens local food security
but also changes the microclimate and natural
water cycles. As the economy shifts and the
number of workers increases, the demand for land
will continue to push development into vulnerable

fringe areas. Therefore, local policymakers must
adopt smart growth strategies, focusing on vertical
redevelopment of central areas and enforcing strict
zoning laws to protect remaining green belts from
irreversible urban spread.

The results contribute to a better understanding
of urban sprawl dynamics in medium-sized
municipalities in India. The observed pattern of
corridor-based expansion driven by transportation
networks and institutional growth is consistent
with trends reported in several developing regions.
However, the extent to which these findings can be
extrapolated to other regions depends on variations
in socio-economic conditions, planning regulations,
and geographical constraints.

In contrast to large metropolitan regions or low-
density suburban systems commonly observed in
Western contexts, urban growth in smaller Indian
cities often exhibits mixed-density and infrastructure-
driven expansion patterns. Therefore, while the
methodological framework of integrating remote
sensing and GIS for spatiotemporal analysis is
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widely applicable, the specific growth patterns
identified in Palakkad should be interpreted within
its unique regional context.

Recent studies on spatial heterogeneity and scale
effects emphasise that urban processes vary
significantly across different spatial scales and
local conditions. Hence, extrapolation of findings
must consider differences in urban governance,
land-use policies, and environmental settings. The
results of this study are therefore most applicable
to comparable medium-sized towns experiencing
similar developmental pressures, rather than
universally across all urban systems. These spatial
patterns are consistent with theoretical models of
urban expansion, particularly the transition from
monocentric to corridor-based growth in emerging
urban systems.

Conclusion

This study examines the spatial and temporal
patterns of urban sprawl in Palakkad Municipality
over a twenty-year period through the application
of geospatial techniques. The results reveal a clear
transformation in the urban structure, with a shift from
a centralised growth pattern to pronounced linear
expansion along major transportation corridors.
The built-up area increased from 16.17% in 2001 to
50.80% in 2021, demonstrating the rapid conversion
of land into urban use. This expansion has occurred
largely at the expense of agricultural land and mixed
tree vegetation, leading to fragmentation of natural
landscapes and increasing ecological pressure
within the municipality. The findings also indicate
that demographic changes, particularly growth in
population and workforce, have played a key role
in driving this spatial expansion.

These patterns highlight the need for more targeted
and context-specific urban planning strategies
in medium-sized towns like Palakkad. Rather
than continued outward expansion, planning
efforts should focus on regulating corridor-based
development, protecting remaining agricultural and
vegetated areas, and improving land-use efficiency
within the existing urban core. Strengthening zoning
regulations, promoting controlled densification,
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and integrating geospatial monitoring into planning
processes will be essential to manage future growth.
Overall, the study highlights the need to balance
infrastructure development with environmental
conservation in order to support sustainable urban
transformation in rapidly growing regional centres.
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