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Abstract: Urbanization is believed to be one of the most significant forces in human history influencing
changes in land use and land cover, which is linked to population and economic growth. The necessity
for urban growth leads to the occupation of nearby natural land parcels, like wetlands, forestlands, and
agricultural fields. In order to maintain a systematic urban growth pattern at regional or global level,
effective planning has to be first prepared at local level. The present study aims to assess the urban
spatial growth with the help of Shannon Entropy approach in Baghpat city. Shannon’s entropy has been
used to evaluate the urban growth in the four different zones across the concentric circle of incrementing
radius. The expansion of metropolitan areas can be gauged using Shannon's entropy. The gradient
analysis was conducted using rectangular boxes with an increasing radius of one kilometer from the
city centre for the years 2000, 2010, and 2022. From 2010 to 2022, the built-up area in the south eastern
and western part of the study area has continued to increase along with the increase in the north eastern
part.
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1. Introduction

Urbanization is thought to be one of the most significant forces in human history influencing
changes in land cover and use, which is linked to population and economic growth (Weng,
2001). Due to the constant urbanization, land covers in metropolitan areas tend to change more
quickly than other features (Jieli et al., 2010). The necessity for extensive urban growth leads
to the invasion of nearby natural land parcels, like wetlands, forestlands, and agricultural fields
(Xu et al., 2000). Urban heat island phenomena and other adverse effects may result from the
conversion of these natural areas into impermeable built-up areas. These conversions can have
a substantial impact on the ecosystem, impacting the hydrologic system, biodiversity, and
climate (Xu et al., 2007). In India, an area is said to be experiencing urban expansion if there
is a significant increase in population from the city centre to its periphery. The population of
India’s cities is now increasing at a rate of roughly 2.3% annually. Increased urban population
and expansion in urban areas are unintentional outcomes of migration and unplanned
population growth. As a result of population growth rates, urban expansion is a naturally
occurring process that is always changing. Between 1991 and 2001, there were 4369 more
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towns and urban agglomerations than there were in 3697. By 2030, the country's urban
population is expected to have increased from 28.3 percent in 2003 to roughly 41.4 percent
(United Nations, 2004). From 23 urban agglomerations in 1991, there were 35 urban
agglomerations, or cities, with a population of one million or more by 2001. The purpose of
the paper is to evaluate Baghpat's spatial growth using geospatial technologies. Metrics-based
spatial analysis offers quantitative details about the landscape's composition both in space and
time. Furthermore, it would be beneficial for examining the modifications made to the
landscape's structures and patterns (Henebry and Goodin, 2002). In order to understand the
processes of urban growth, remote sensing and spatial metrics work together to give spatial
information about the growth, structure, and dynamics of urban areas (Deng et al., 2009;
Ramachandra et al., 2012). The purpose of the paper is to evaluate Baghpat's spatial growth

using geospatial technologies.
2. Study Area

The Baghpat District in western Uttar Pradesh is lying between the Hindon -Yamuna region,
which is bordered by the Hindon river on the east and by the river Yamuna river on the west.
It occupies a region of approximately 1345 km2 and is located between latitudes 28°47” and
29°18’ N and longitudes 77°07’ and 77°30° E. The study region has a subtropical environment

with an annual rainfall average of roughly 500 mm (Fig.1).
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Figure 1: Locational Map of the Study Area
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Geologically, the area is underlying by Quaternary alluvium. The Quaternary epoch is
represented by two sedimentation cycles. Varanasi Alluvium, an older alluvium, was deposited
as a result of the previous one. The more recent one is called Newer Alluvium and dates from
the Late Pleistocene to the Holocene (Alam & Umar, 2013). Older alluvium covers most of the
land, whereas newer alluvium is limited to areas near river courses. The area's more than 500

meters of alluvium are thought to be beneath the Delhi Rocks.

3. Research Methodology

The application of GIS and satellite data to measure urban growth trends using the Shannon
entropy approach has been the subject of extensive research in recent years (Sudhira et al.,
2004; Joshi et al., 2006; Sun et al., 2007; Sarvestani et al., 2011). Any geographic unit can be
studied using Shannon's entropy, which functions as a spatial concentration or dispersion
indicator. Urban sprawl trends are measured by a metric calculation technique that considers
both temporal and spatial fluctuation of expansion regions, statistically accounting for them
(Li et al., 1998).

3.1 Data Source: Satellite data from 2000 to 2022 have been used to study the dynamics of
urban expansion. The Landsat series provided the data for the three time periods. Data from
the Landsat 5 Thematic Mapper sensor (30 m) for the year 2000 and the Landsat 8 Operational
Land Imager sensor (30 m) for the years 2010 and 2022 have been obtained from the United
States Geological Survey (USGS) website (Figure 4.1).

Extracting Land use and Land cover Statistics and dividing Study Region
Based on 1 kms gradient and into 4 zones, for year 2000, 2010 and 2022

Shannon Entropy Zone wise as well as gradient
wise for 2000, 2010 and 2022

Analysis using Landscape Metrics
usingFragstat software

Figure 1.1: Research Methodology
3.2 Data Analysis: The Shannon’s entropy and spatial metrics have been used to analyze the
urban growth in the study area in gradient wise as well as in the zonal analysis, for the year
2000, 2010 and 2022.

3.2.1 Zonal Analysis: The city of Baghpat is the study area, and it has been divided into four

zones for further analysis: north-east, south-west, north-west, and south-east. This is because
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there are a variety of driving reasons behind urbanization, and they haven't been consistent in
all directions.

3.2.2 Gradient Analysis: Each zone was divided into rectangular boxes with varied radiuses
of one kilometre from the city centre. This made it easier to visualize and comprehend the local
urbanization process and the elements that influence it. This aids in understanding the driving
causes behind urbanization at different scales (sprawl, compact expansion, etc.) in reaction to
social, political, and economic forces. Urban sprawl can be visualized using techniques like
zones and concentric rings (low density, ribbon, leaf-frog growth). Time series data analysis is
used to track the density of built-up areas within each circle. This helps the city's management
comprehend the dynamics of urbanization and develop appropriate infrastructure and basic
facilities for the residents.

3.2.3 Entropy Model: Shannon’s entropy has been used to evaluate the urban growth in the
four different zones across the concentric circle of incrementing radius. The Shannon’s entropy
was computed to detect the urban growth phenomenon following Yeh and Li (2001).

Shannon’s Entropy is given by:

The Shannon’s Entropy Index
Hi" = -3 pi log (pi) @

Hi"= ypi log(1/pi) )
Where n is the total number of zones and Pi is the percentage of the variable in the ith zone.
The range of entropy values is 0 to Log (n), where Log (n) represents the maximum entropy
value. According to Sudhira et al. (2004), the distribution is more dispersed here if the value is

closer to Log (n) than it is to zero.

3.2.4 Spatial Metrics

It measures the distance and distribution of the edge length between the patches. According to
McGarrigal and Marks (1995), the representation depicts the configuration of the terrain,
despite the lack of spatial clarity. The edge qualities provide information that aids in measuring
and comprehending the urbanisation and landscape fragmentation. For the years 2000, 2010,
and 2022, the study's analysis of gradient-wise urban expansion in four directions was

conducted using the chosen Fragstat spatial metrics (Table 4.2).
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Table 4.2 Description of Fragstats Metrics

Indicator Formula Description

1. [Percentage of PLAND= Pi=}" ~aij (100) PLAND equals the percentage the landscape
landscape A_’_L_— comprise of the corresponding patch type.
(Built-up) aij= area (m2) of patch ij
(PLAND) Range: 0 < %Land < 100 A =total landscape area (m2).

2 [Perimeter Area ] : PAFRAC greater than 1depicts the complexity is
Fractal Dimension . [z.} [( | g|] shape
(PAFRAC) [z hw:] - [zmpl

Source: Prepared by the Author based on Fragstat
The dispersion of the geophysical variable (built-up area), which represents the presence of

urban growth and heterogeneity of land uses with agricultural, fallow, etc., is dictated by
entropy values closer to log n. After treating each of the four zones and the concentric circles
as a separate spatial unit, Shannon's entropy has been computed in each of these two locations.
The lowest value, zero, will be attained if the distribution is maximum concentrated in one
circle, as per the concept of Shannon's Entropy. Conversely, the maximum of log n will be
assigned if the distribution among the concentric circles is even. It has been possible to
determine if land development is moving towards a more compact or more dispersed (sprawl)
pattern using the change in entropy.

Result and Discussion
4. Shannon’s Entropy (Hn): Zonal and Gradient Analysis
Since the built-up area increased from 2000 to 2022, the study region has seen a process of

urbanization over time. The expansion of metropolitan areas can be gauged using Shannon's
entropy. The gradient analysis was conducted using rectangular boxes with an increasing radius
of one kilometer from the city centre for the years 2000, 2010, and 2022. It has been computed
zone-wise for all four directions. The process of urban growth across the rectangular boxes of
1 kms (Figure 1.2, Figure 1.3 and Figure 1.4) from the center towards the peripheries for the
year 2001, 2011 and 2017 has highlighted the growth and intensification of built up area around
the core of the city as well as spreading out from it in the south eastern direction and in the

western direction from 2001 to 2011.
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From 2010 to 2022, the built-up area in the south eastern and western part of the study area has
continued to increase along with the increase in the north eastern part. The process of
urbanization in the study area (Figure 4.6), could be analyzed from the growth in built up area
from 2000 to 2022.

4.1 Shannon’s Entropy: Zonal as well as Gradient
The following figures a, b, ¢, and d show the gradient analysis of Shannon Entropy from the

city centre over the one-kilometer buffers in each direction. Shannon entropy has been
calculated for the years 2000, 2010, and 2022 in order to allow for a comparison of the entropies
and increase of sprawl over time. The entropy has increased from 2000 to 2022 in both north-
east and south-east directions, towards the peripheries. The increase has been relatively
marginal in the vicinity of the city centre (up to buffer C, or a distance of 6 km), but it is
definitely noticeable on the periphery. The increase in entropy in the north-west direction is
clearly visible between 2000 and 2010, but there has been very little increase in entropy value
between 2010 and 2022.
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Figure 1.5 (a, b, c, d): Entropy Gradient and Direction-wise
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The northwest portion, which is a part of the cantonment area, is forested. This may be the
cause of this study area's comparatively lower growth. The entropy in the city's periphery grew
in a south-west direction between 2000 and 2010, but it declined between 2010 and 2022.

5. Percentage of Land (PLAND)

PLAND is the proportion of a specific class type in the terrain. PLAND is the total area of all
patches of a given type divided by the entire area of the landscape, multiplied by 100 to convert
the result to a percentage. The built-up percentage has been computed in the study to examine

its evolution throughout time.

North-West North-East

——2000
——2010
2022

Figure 1.6 (a, b, ¢, d): Urban Class Area
In the year 2022, the proportion of urban landscape was lowest in the north-west and highest
in the south-east (Figure 1.6 a, b, ¢, d). However, the city's centre has the highest patch density

in all four directions, with circles ranging from three to five.
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6. Perimeter Area Fractal Dimension (PAFRAC)

It comes under the category of Shape metrics. It helps in analyzing the shape of urban patches
in the landscape. Its value ranges from 1 to 2. PAFRAC value approaches 1 for shapes with
very simple perimeters such as squares, and approaches 2 for shapes with highly convoluted,
plane-filling perimeters. As the calculation of PAFRAC involves regression analysis, it is
advisable to use it only when sample size is not small. The reduction in the value of PAFRAC
over time has suggested reduction in the complexity of shape of urban Patches and simple
perimeter. All the four direction have complex shape as value for the three time period has been
higher than 1.

7. Conclusion
The dynamics of land use and cover suggest that the study region's built-up area grew

significantly between 2000 and 2022. The built-up area in the study region increased from
30.65% of the total area in 2000 to 43.77 percent in 2011. In 2022, the proportion of built-up
area increased even more to 65.19 percent. Baghpat city's close proximity to Delhi and its
inclusion in the National Capital Region is the main causes of this rapid rise. Since Baghpat
City's changed, the administration has implemented a number of initiatives targeted at boosting
the city's economy by attracting in a sizable number of institutional and commercial operations.
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