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Abstract

Most cities in the world suffer from excessive population and unplanned urban growth.
The objective of the present study was to investigate the spatiotemporal changes of built-
up areas and their growth in the proposed Greater Silchar City (GSC) (Assam, India). The
obtained LANDSAT satellite data from 1991 to 2021 for the GSC have divided into non-
built-up and built-up land use categories, and recode tools in Erdas Imagine 2014 software
have been used to improve the accuracy of the output. The study area has been classified
into 8 spatial directions and 11 concentric circles with radial distances of 1 km and resulted
from intersected areas consisting of 60 gradient zones. The study used Shannon entropy
model for detailed urban sprawl study of every nook and corner. FRAGSTATS v4.2 tools
have been used to analyse landscape metrics in respective spatial directions. The built-up
area growth of the city was 15.18 km? during the mentioned period. The landscape met-
rics and LU/LC results show the maximum built-up growth has taken place in South to
South-West direction (3243.87 ha) and the area within a 2-3-km radius (221.85 ha) of the
central business district, which is the periphery of the existing Silchar municipal limits.
The entropy values indicated that the GSC has compacted infill growth form in the core
area, while the dispersed urban sprawl trends followed with increasing distance from the
city centre. Moreover, the research findings will provide a conceptual model for assessing
urban growth trends for other cities as well.
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1 Introduction

The subject of urbanization has indeed received significant attention over the last few
decades due to its substantial impact on economic development and environmental con-
cern in emerging nations. Rapid urbanization is driven by factors such as higher birth
rates and large-scale migration from rural to urban areas in search of better employ-
ment opportunities and higher living standards (Deribew, 2020). As the population rises,
urban areas expand to accommodate the growth, resulting in urban growth beyond their
defined limit (Farooq & Muslim, 2014). Urban growth is influenced by various factors,
such as available space, geographical conditions, resources, economic and political
strength (Mohamed, 2017). Urbanization is the best example of irreversible land con-
version from agricultural and productive land to urban areas, which impacts the local
environment, natural resources and the surroundings of urban areas (Altieri et al., 2019;
Reddy, 2017). The evolution of population and infrastructure within a city in a positive
manner is referred to as urban growth. In contrast, urban sprawl refers to the uncon-
trolled and unplanned urban growth within the city, surrounding and rural areas, char-
acterized by low-density housing and businesses, which leads to unsustainable urbani-
zation (Anees et al., 2019; Liu et al., 2020; Pourghasemi et al., 2012). However, most
cities worldwide are experiencing inconsistency in their expansion, which leads to urban
sprawl (V. P. Mandal et al., 2014; Mohamed, 2017). There are some common types of
urban growth and sprawl patterns, such as vacant or unused land that may transform
into high-density urban growth through infill (inside the city’s boundaries), linear (city
enlargement through time near roadways), cluster (new group formation) and scattered
expansion (new built-up expansion activity on the periphery in a short period) (Mohabey
et al., 2023; Weerakoon, 2017). Urban sprawl has serious consequences, including envi-
ronmental degradation, ecological destruction, cropland and vegetation cover loss, defor-
estation and air and water contamination (Akhter & Noon, 2016; Mohammady & Dela-
var, 2016). In fact, unplanned growth gives rise to issues such as traffic, overcrowds,
climatic scenarios, increased runoff, urban flooding and waterlogging (Ilyassova et al.,
2021; Noor et al., 2014; Saini et al., 2019).

Traditional mapping and surveying techniques were time-consuming and uneconomi-
cal for urban growth study. Therefore, to effectively monitor, analyse and map land use
and urban development trends, researchers have suggested the utilization of remote sens-
ing (RS), geographical information system (GIS) techniques and statistical methods. These
advanced tools and methodologies have the capability to provide highly effective results
in understanding the dynamics of land use changes and urban growth (Kumar et al., 2020;
Toosi et al., 2022). There are several GIS methods available for urban assessments, i.e. cel-
lular automata (CA) models (Anees et al., 2019; Harig et al., 2021; Ilyassova et al., 2021);
Entropy models (Altieri et al., 2019; Chatterjee et al., 2016; Deribew, 2020; Mohabey
et al., 2023), landscape metrics models, etc., (Dhanaraj & Angadi, 2022; Kowe et al.,
2015). However, the Shannon entropy model and landscape fragmentation metrics are the
most suitable methods for evaluating urban sprawl and growth pattern (Cegielska et al.,
2018; Vani & Prasad, 2020). Shannon entropy is an emerging mathematical communica-
tion theory that has also been used in various fields over the past five decades for ana-
lysing the degree of spatiotemporal exposure and urban built-up land distribution (Dhali
et al., 2019). In Shannon entropy model, the built-up pixel values of satellite data, which
are proportional to their relevant information, are used to estimate the sprawl pattern of any
urban area (Dhanaraj & Angadi, 2020; Mohabey et al., 2023). The advantages of Shannon
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entropy are to reveal the degree of instability, unbalance and uncertainty of urban sprawl
by assessing whether urban growth is scattered or compact (by numerical values) (Mithun
et al., 2021; Patra et al., 2022; Yulianto et al., 2020). Like other countries, most of the cit-
ies in India are experiencing exponential growth in built-up areas and population density,
leading to urban sprawl (Bhat et al., 2017; Chettry & Surawar, 2020). Numerous studies
have been conducted worldwide; however, specific studies focusing on monitoring urban
growth using Shannon entropy model in the Indian context are highlighted here. Punia and
Singh, (2012) used Shannon entropy approach to estimate the urban growth of Jaipur City,
Rajasthan (1975-2006), at ward and city levels which resulted in a 78% variation of urban
built-up land. The city has initially scattered structure which further developed into a dense
form in the core area, while new built-up continued to expand in the peripheral area. Dhali
et al., (2019) conducted a study to monitor the spatiotemporal urban growth of various
sub-centre of the North 24 Parganas district, West Bengal (1989-2016). Most of the urban
sprawl is a result of transforming barren and agricultural land into built-up areas. Pawe and
Saikia, (2020) observed an uneven intensity of built-up growth in the Guwahati Metropoli-
tan (1976 to 2015), resulting in if current trends continue, future urban sprawl may lead to
weak sustainability and threaten the ecosystem and semi-urban areas. Patra et al., (2022)
have used the relative Shannon entropy model and gradient area classification approach for
urban sprawl analysis of Cuttack City, Odisha, from 1990 to 2018. They suggested that the
entropy analysis method is easy and reliable for urban growth pattern analysis. The built-up
area of the city has increased by 46.75% during the mentioned period.

An urban system consisting of complex landscape elements characterized by diverse
land uses as a result of various interactions between the community and nature (Yang
et al., 2021). Urban landscapes generally consist of different elements arranged in differ-
ent spatial configurations. These patterns were formed by a complex interplay of many
factors over many years (Chettry & Surawar, 2021; Shifaw et al., 2020). Urban spatial pat-
terns can be quantified using landscape metrics to understand urban development trends
and functions (Mithun et al., 2021). The landscape indices comprise identifying patterns
in landscapes, geomorphology, ecological fragmentation, assessments of landscape varia-
tions and exploration of the impacts on the landscape structures (Feng & Li, 2012; Jaafari
et al., 2016). Landscape metrics have gained popularity in the field of ecology earlier and
later in monitoring urban growth (Tian & Chen, 2021; Toosi et al., 2022). It is an excellent
approach to measuring spatial form and urban sprawl (McGarigal & Marks, 1995). In addi-
tion to landscape metrics, the gradient and zone analysis approach plays an important role
in determining the spatial pattern to identify the type of urbanization, and FRAGSTATS
software offers the widest choice of landscape metrics and is built to be as versatile and
efficient as possible (Chatterjee et al., 2016; Das & Angadi, 2021; Dhanaraj & Angadi,
2020, 2022; S. Mandal et al., 2020). Several researchers have used landscape fragmenta-
tion analysis methods to study urban growth in Indian cities. Anees et al., (2019) studied
Kurukshetra City by landscape metrics method, resulting in land fragmentation with a mix
of development patterns over the past decades, and urban core density has been associ-
ated with increasing land fragmentation. Without proper management and regulations, the
city may turn into a mega city, and the urban sprawl on the agricultural land and the city’s
periphery may cause serious environmental imbalance. S. Mandal et al., (2020) have used
a gradient area classification approach for landscape fragmentation to monitor and meas-
ure urban forms of Howrah City’s spatial metrics (1996-2016). They observed that the
combination of the techniques, as mentioned earlier, provides specific information on peri-
odic changes in urban growth types. Chettry and Surawar, (2021) conducted a combined
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study for urban sprawl analysis for eight mid-size Indian cities of Lucknow, Patna, Ranchi,
Raipur, Thiruvananthapuram, Bhubaneswar, Srinagar and Dehradun from 1991 to 2018,
and resulting the modern landscape research tools depicting the scientific evidence of
urban sprawl.

At the same time, several researchers have used both (Shannon entropy and land-
scape fragmentation metrics) approaches to study urban growth and sprawl in Indian cit-
ies. Jat et al., (2008) conducted a study for modelling the urban growth of Ajmer City
(1977-2005), which revealed a 200% urban sprawl on spatial distribution using Shannon
entropy model and landscape metrics. Chatterjee et al., (2016) used the Shannon entropy
index and landscape metrics for modelling urban sprawl around Greater Bhubaneswar City
in Odisha (1972 and 2014). Their findings suggest that there was a trend of urban sprawl
in the urban area, moving from the city centre to the periphery areas and expanding rap-
idly in a non-contagious manner. Apart from the main area, most of the residential areas
were scattered randomly surrounding the city centre. Thakur et al., (2020) monitored and
modelled the urban sprawl (1991-2011) of Shimla city, accounting for 98% variation in
urban sprawl with contributing factors. Mithun et al., (2021) studied urban sprawl of Kol-
kata metropolitan (1996 to 2016) and found that non-urban areas tend to urbanize faster.
The results for landscape metrics were mostly independent, and zoning techniques were
found to be strong in urban tools for checking built-up transformation. Rath et al., (2022)
used Shannon entropy approach and landscape metrics for urban agglomeration (2005 to
2015) study for eastern and southern Indian cities of Bhubaneswar, Cuttack, Chennai, Ben-
galuru, Hyderabad, Ranchi, Kolkata, Visakhapatnam and Coimbatore. The results show
that all cities were grown as compacted by infill growth in the core area and sprawling
continuously in the outer fringes. Dhanaraj and Angadi, (2020, 2022) have used Shannon
entropy and landscape metrics model to monitor the spatial urban growth in Mangaluru
City (1972-2018). The entropy value suggested that every urban growth is compacted by
growth around urban centres and is intensively urbanized. Also, growth during the period
has led to the creation of many smaller urban centres around the city, indicating the upcom-
ing metropolis transformation. Changes in built-up landscape indices may be indirectly
linked to the different socioeconomic and geomorphological conditions of built settlements
in the region.

Silchar is one of the most important cities in North-East India and the second-largest
city in the state of Assam. Silchar City has witnessed massive population and urban built-
up area growth in the last 30 years (1991-2021). The city is congested due to land scarcity
and centralized business areas around the city centre (Mohabey et al., 2023). Due to the
low price and availability of agricultural and vacant land in the nearby areas, there has
been rapid built-up growth in the outskirts of Silchar City. The people from outside and
inside of the city always depend on the Silchar urban area to fulfil their needs, such as
commercial, official, institutional and medical, which creates the problem of traffic conges-
tion on most roads and also leads to overcrowding of the city. The municipal development
authority is responsible for providing basic amenities such as transportation, sanitation,
electricity and water supply, educational and medical facilities for people residing on the
outskirts of the city. So periodic urban growth evaluation becomes essential for planning
and management. Mohabey et al., (2023) carried out a study for the analysis of land use
land cover change and urban growth of Silchar City from 2005 to 2018, which covers only
28 wards (total geographical of 15.75 km?) of the existing municipal limits of the city with
the help of Shannon entropy model. This study showed that compact growth is happening
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in the core area of the city as well as the outer area is sprawling rapidly. To maintain sys-
tematic urban planning and development of current and future aspects, the office of the
"Directorate of Town and Country Planning Assam, Government of Assam" has proposed
a plan (in the year 2016) to extend the city’s municipal boundary, namely the "Greater Sil-
char City" (GSC). The GSC covers around 112 km? area, including the area under Silchar
Municipal Corporation (SMC) and its surrounding urban and rural areas. GSC is consid-
ered a medium-sized city and has observed the same uncontrolled urban and population
growth trends as most Indian cities.

However, no study has been done for the GSC for urban growth trend analysis using any
existing methods. The present study is a first-time approach for the area’s urban growth and
sprawl trend analysis under GSC. The objective of the present study is the delineation of urban
growth and sprawl pattern of GSC from 1991 to 2021 using landscape metrics fragmenta-
tion tools and Shannon entropy model, respectively. The zonal, concentric circles and gradient
approaches have been used as tools to measure urban growth patterns by dividing the GSC
area in the spatial distribution system from the city centre. The spatial direction, concentric
circle and zonal gradient approach techniques are three distinct spatial approaches followed
by the area covered in a particular direction and distance from CBD (centre of the circles and
directions). Importantly, these approaches have been applied for the first time in the GSC to
understand the urban growth and sprawl phenomena. The main advantage of this research is
the addition of new approaches that planners and decision-makers can utilize to obtain a reli-
able estimate of urban growth, considering various factors such as geography, time and socio-
economic aspects.

2 Study area

The existing Silchar City is the administrative headquarter of the Cachar District, located
in the South-Eastern part of the Assam state. The proposed GSC plan boundary covers
the area between 92°43'14.058"E to 92°51'52.122"E longitude and 24°43'42.826"N to
24°52'12.801"N latitude with variation in altitude from 17 to 28 m above mean sea level.
The GSC covers around 112 km? of the total geographical area, whereas 13.64 km? of land
comes under the existing Silchar Municipal Corporation (SMC), 13.01 km? of the urban
area outside the periphery of SMC and the 77.27 km? of the rural area in the surrounding,
while the River Barak covered 7.92 km? of land. Premtala Square has been accepted as
GSC’s Central Business District (CBD) point. It is the central core area of economic and
commercial activities. Several shopping malls, daily markets and government civil hos-
pitals are within 1 to 2 km. The details of the study area are shown in Fig. 1. Moderate
climate prevails here, with temperatures typically ranging from 7 to 38 °C throughout the
year. The annual rainfall in the Silchar region is around 300 cm, and during the monsoon
season, it frequently faces floods from the Barak River (the second-largest river in North-
East India) (Saha et al., 2022). Other regional natural disasters, such as earthquakes, floods
and river bank erosion, continue adversely affecting local people and economic and social
activities (Nath & Ghosh, 2022). Tea, rice, vegetables, crops and herbs are mainly culti-
vated. The GSC region is well connected by railways, highways and road networks, includ-
ing airports, which connect to Mizoram, Manipur, Tripura, Meghalaya states and Guwahati
City (Ashwini & Sil, 2019).
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Fig. 1 Maps of the study area: a India, b Assam State, ¢ Cachar District and d Greater Silchar City

3 Materials and methods
3.1 Materials

Land use/land cover (LU/LC) data are the primary need for most of the analysis, including
urban growth, changes and sprawl pattern studies (Mohabey & Kumar, 2015). To classify
LU/LC changes and compute urban sprawl in the GSC, multi-spatial and temporal open-
source LANDSAT 5-TM, 7-ETM and 8-OLI TIRS satellite images (multi-spectral resolu-
tion of 30 m) from the years 1991, 2001, 2011 and 2021 were obtained from the "United
States Geological Survey (USGS)" website (Mithun et al., 2021). This region comes under
the UTM-Zone 46 N Projection and WGS-84 datum; LANDSAT images follow the Path:
136/Row: 43. All satellite data used for the LU/LC have been taken in the month of Febru-
ary as the region remains cloud-free. Moreover, during this month, the waterlogged area
gets dried; hence, the grassland, agricultural land, tree cover and built-up settlements can
be easily identified. The collected LANDSAT satellite images sometimes need pre-pro-
cessing such as geo-referencing, ortho-rectification, image enhancement and atmospheric
corrections (Jain et al., 2011; Sharma et al., 2020), which have been rectified with the help
of ArcGis10.6 and Erdas Imagin 14. Figure 2 shows a schematic representation of the
methodology for built-up growth analysis of the GSC.

The map boundary of Silchar City has been acquired from North Eastern Space Appli-
cations Centre (NESAC), Umiam, Meghalaya, India. At the same time, the GSC develop-
ment plan.pdf file format map was obtained from the "Directorate of Town and Country
Planning Assam, India." Then the boundary is generated as a shape file (.shp) in vector
format by the geo-referencing and digitization techniques. This shape file includes the data
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Fig.2 Flow diagram of the methodology

of existing wards under Silchar Municipal Corporation (SMC) and the wards which comes
under the urban category to the outside of the SMC boundary and surrounding rural areas
(villages) in the GSC. The field survey was conducted (in 2021) with the help of GPS ena-
bled camera and smartphone for doubtful areas and accuracy assessments.

3.2 Urban land use extraction

The supervised classification technique has been found suitable for delineating land use
classes. The nearest neighbourhood and maximum likelihood classification (MLC)
approaches have been used for the LU/LC analysis with the help of Erdas Imagine 2014
software (Shikary & Rudra, 2021). LU/LC has been classified into two classes: built-up
settlements, and the remaining are integrated into non-built-up class (Singh & Sarkar,
2020). The multi-temporal and quantitative analyses have been used to quantify, map and
evaluate urban growth patterns based on the built-up area analysis. Built-up areas comprise
urban or built-up lands, including industrial, commercial, residential, communications,
transportation, services and utility regions. The non-built-up land contains agricultural
fields, open spaces, water bodies, tree cover, etc. (Reddy, 2017).
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In multi-temporal images, several inconsistencies and errors were observed due to
vignetting effects in the pictures, seasonal changes in sunlight conditions and radiomet-
ric distortions between different dates of aerial photograph capture, etc. (Altieri et al.,
2019). When using medium-resolution (LANDSAT data) satellite images, increased tree
cover obscures the built-up area, allowing pixels to produce inaccurate results with few
errors. It has been overcome by using a recording process through visual interpreta-
tion with Google Earth and field survey data. The recode tool in the ERDAS IMAGINE
2014 software has been used for better accuracy of output results than the previous ones
(Dhanaraj & Angadi, 2021; Thakur et al., 2020). These classified data have been used
for further assessment of urban growth by the landscape metrics and Shannon entropy
approach (Anees et al., 2019).

3.3 Types of urban growth patterns

The urban built-up growth in the GSC area follows various patterns, as described fur-
ther. The infill growth occurs under city limits where open space or vacant land may
convert into built-up land. The positive aspect of this kind of growth is that the munici-
pal body can easily handle and create plans to provide necessary facilities, leading to
compact urban areas (Akhter & Noon, 2016). The linear or ribbon growth describes
rows of built-up growth beside existing highways (river banks, railways or other simi-
lar linear structures), each accessed by a dedicated entrance. Leapfrog growth is a
dispersed type of urbanization with irregular urban land use expansions (Harig et al.,
2021). Leapfrog growth occurs when people construct residential or other built-up far
from an established city, bypassing the vacant lands closer to the municipality. Scattered
or dispersed growth may refer to the random and unsystematic built-up growth in large
open areas without following development rules (Dhanaraj & Angadi, 2022; Noor et al.,
2014). Figure 3 represents the built-up growth pattern.

Built-up 1991

=
Linear
Growth

Fig.3 Types of built-up growth patterns

Leapfrog
Growth

@ Springer



Urban growth trend analysis of proposed Greater Silchar City,...

3.4 Built-up area analysis approaches
3.4.1 Spatial directional approach

Based on the patch pattern produced in the research area for the years 1991, 2001, 2011
and 2021, the study region was divided into eight regions (Fig. 4): North (N), North-East
(NE), East (E), South-East (SE), South (S), South-West (SW), West (W) and North-West
(NW) (Chettry & Surawar, 2021) to account for the unevenness of urban expansion in spa-
tial directions from the city’s CBD (Rastogi & Jain, 2018; Shikary & Rudra, 2021).

3.4.2 Concentric circles approach

This concept is based on the Burgess hypothesis, which was developed in 1924 and asserts
that cities expand in a circular pattern from the centre to the outward (Burgess, 2015). As
a result, the circle is the only geometric form that can meet the criteria of equal distances
in all directions, making it the perfect shape to help us understand how cities evolve. To
comprehend the structure of the urban built-up area, a circular region of 11 km (maximum)
from the city centre (CBD) is divided into concentric circles (rings) with an incrementing
radius of 1 km using the gradient analysis technique (Fig. 5). This illustration shows how
land use varies in every kilometre (Mishra et al., 2011).

z 92°44'0"E 92°48'0"E 92°52'0"E z
o N N o
:u\,'- N-W 2
N w E|S
N-E
S
w E
z z
o o
00 |00
5 ¥
J J
Legend
@ CBD Point
Directional Zone
z - Non Built-Up Area |z
o . o
I S - Built-Up Area B
S 0 1 2 4 Data Source: https://earthexplorer.usgs.gov & | &
- Km Directorate of Town & Country Planning Assam
Map Prepared at: NESAC Umiam (Meghalaya)

92°44'0"E 92°48'0"E 92°52'0"E

Fig.4 Map of divisions of the study area into the spatial direction
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Fig.5 Map of the division of the study area into concentric circle approach of the incrementing radius of
1 km

3.4.3 Gradient zonal approach

To trace urban growth at every nook and corner for the better understanding of the pro-
cesses of profound transformations of the GSC, the integrated spatial zone and the concen-
tric circle (ring) are allocated into gradient zones (GZ) from the centre (CBD) to the out-
skirts (Chatterjee et al., 2016), as considered the third approach. The study area has been
covered under 60 gradient zones (GZs) (Fig. 6).

3.5 Urban landscape pattern metrics

Landscape metrics have been widely used for built-up growth analysis (Shukla & Jain,
2019; Tian & Chen, 2021). Metrics to measure landscape patterns define and quan-
tify spatial variability’s size, origin and effects in different landscape patches (Frazier
& Kedron, 2017; Jaafari et al., 2016). These indices show the spatial organization of
the urban patch, the interaction between the patch and the surrounding landscape and
changes in the landscape over the time (Azhdari et al., 2018). Various elements are gen-
erally arranged in diverse ways throughout the urban landscape. These measures are
used to track changes in the land surface. At the same time, these techniques have the
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Fig.6 Map of the division of the study area into the gradient zone approach

potential to identify the causes, effects and current as well as future trends of urban
growth patterns (Mohabey et al., 2015). For estimating the spatial pattern index values
in the present study, we utilized the urban built-up patches from the LU/LC data of the
study area (Malarvizhi et al., 2022; Toosi et al., 2022). Landscape patch metrics are
used to investigate various urban patch features to gain a deeper understanding of the
dynamics of urban expansion, its origins and subsequent consequences (Jahani & Bar-
ghjelveh, 2021; Nagendra et al., 2004; Shukla & Jain, 2019). The spatial zonal approach
has been used to assess urban built-up growth landscape indices. To characterize land-
scape patches, Fragstats provides a variety of landscape metrics. Spatial indices were
calculated using FRAGSTATS v4.2, with the generated images in GeoTift grid (.tif) for-
mat as input data and a file as a comma-delimited ASCII file to provide information on
each intake scenario.

3.6 Quantifying change in landscape configuration

Area edge metrics relate to the recipient of measurement, size, shape and area of the patch
edge (Dhanaraj & Angadi, 2022). This method of data collection has thus made it simpler
to understand trends in urban expansion in GSC. The most important landscape indices for
urban growth analysis are as follows.
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3.6.1 Landscape metrics

Calculations are algorithmic tools that measure specific spatial behaviour of different
patches, groups of individual patches or complete mosaics of a landscape. Numerous
landscape metrics have been established to characterize landscape structures and geo-
graphical variability based on landscape patterns and layouts (Frazier & Kedron, 2017;
Shifaw et al., 2020).

Class Area (CA) is a fundamental metric used to represent the trend of urban expan-
sion in spatial metrics estimation, also defined as the total area, suggesting the entire
area is covered by a particular LU/LC class in hectares. This reflects how much of
the landscape is made up of a specific patch type. Aside from its direct, it represents
the overall class area in m? as of all relevant patches divided by 10,000 (to convert
to hectares) and ranges between CA >0 and no limit (Das et al., 2021; Jain et al.,
2011).

1= T 1o0) g

Variables: o, =patch area and n=x number of patches.

Edge density (ED) is directly connected with changes in the intensity of disturbance
across small ranges, with the gradient of the connection being influenced by patch size
and irregularity. A rise in urban edges can be easily measured using edge density. The
ratio of the built-up patches to the edge of patches and the surroundings significantly
affects this measurement. Small patches will have greater edge density than landscapes
with large patches. It is the sum of the lengths (m) of all edge segments involving
the corresponding patch type, divided by the total landscape area (m?), multiplied by
10,000 (to convert to hectares) (Das et al., 2021; S. Mandal et al., 2020; Narmada et al.,
2021).

X E.
ED = 21:1 il

% 10000 2

Variables: f=total area landscape and E; =the number of edges.

The range is without limit in ED > 0.
Total edge (TE) is a method to quantify the fragmentation of LU/LC. It is an exact
measurement of the overall length of all edges in a specific patch type or across all
types of patches (Kowe et al., 2015). Large TE values suggest continuous, extensive
urban regions. An increase in total edge indicates more area fragmentation.

TE=E 3)

It is measured in metres, and the range always has no limit to TE > 0.

3.6.2 Subdivision metrics

The subdivision indices intend to measure how fragmentary the landscape is regarding
patch shape, location and arrangements. These metrics are related to the aggregation index
and measure disaggregation (Jain et al., 2011; Kowe et al., 2015; Yang et al., 2021).
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e  Number of Patches (NP) metric is used to quantify patch fragmentation within each
LU/LC class. The total number of patches of the same type is known as NP. It meas-
ures irregularly shaped urban areas or independent landscape features. This allows
for rapid core expansion and the formation of additional fragmented patches around
the core, resulting in increased patches. The amount of this patch reflects the rich-
ness or complexity of the landscape (Anees et al., 2019; Jain et al., 2011; Kowe
et al., 2015).

NP = n, 4)

Variable: n = number of patches.
Its range is always NP > 1, with no limit and no units.

e Patch Density (PD) of the dispersed urban structures inside a given region is specified
by this additional measure of landscape fragmentation of a LU/LC class. Since it is
a key factor in characterizing individual patches, the levels of this element are influ-
enced by the minimum mapping unit as well as pixel size (Anees et al., 2019; Jahani &
Barghjelveh, 2021; McGarigal & Marks, 1995). PD typically represents the number of
patches as an area function, allowing for various sizes comparisons of landscapes.

N
PD 5 3)
Variables: N =number of total patches and = total landscape area.
The range is without limit in PD > 0, and unit in metre square (multiplied by
10,000 to convert hectares)

e Largest Patch Index (LPI) determines the segments of the largest patch that contrib-
ute to the overall area of the landscape, revealing the existing growth of the urban
centre. It is calculated by multiplying the ratio of the area of the largest patches to
the respective patch type by 100 (to turn it into percentages) (S. Mandal et al., 2020;
Narmada et al., 2021).

maxfn -1 (amn)

LPI = — (100) (6)

Variables: «,,,=patch area and § =total area of landscape.
Its values output on percentages and range is always 0 < LPI < 100.

3.6.3 Aggregation metrics

Aggregation metrics are assessments of how many patches are in a landscape and their
scatter and interspersion. By using the Landscape Shape Index (LSI), one can identify
the irregularities in patch shapes, as the LSI increases with the new centre of urban
areas and decreases with older ones(Jaafari et al., 2016; Jahani & Barghjelveh, 2021).

e Landscape Shape Index (LSI) is simply the sum of the landscape limit (whether it
represents a true edge or false) and all edge sections (m) inside the landscape limit
(including such borderline in the background) to the square root of the entire land-
scape region (m?), corrected by a steady for a radial standard (vector) or square level
(raster) (Anees et al., 2019; Kowe et al., 2015).
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0.25E"
VB

Variables: = total area landscape and E' = number of edges
Its range is always LSI > 1, with no limit and no units.

LSI =

(M

3.6.4 Shape metrics

At the patches, class and landscape factors, Fragstats calculates several statistics that meas-
ure landscape components by the specific patch form. The relationship between patch form
and size can influence numerous significant LU/LC processes.

e Area-Weighted Mean Patch Fractal Dimension (AWMPFD or FRAC_MN). The aver-
age size of LU/LC patches in a specific area or along the overall landscape is known as
the "Mean Patch Size" (AREA_MN). It is a way of measuring the subdivision of LU/
LC class or landscape. The AWMPFD equations are adjusted to account for the inter-
ference in the patches perimeter by containing two times the logarithm of patch perim-
eter (m) divided by the logarithm of patch area (m?), then multiplied by that of the
patch area and divided by the overall landscape. AWMPFED stands for the patch fractal
dimension (FRACT) average of patches within the landscape area, balanced by patch
area (Kowe et al., 2015; S. Mandal et al., 2020; Yang et al., 2021).

FRAC_AM = Z Z K—zm 025””’”)(%)] (8)

m=1 n=i

Variable: a,,, =patch area, x=number of patches, p,,, =patch perimeter and § =total
area landscape.

3.7 Shannon entropy approach

With the use of GIS and remote sensing, entropy can be considered the most valua-
ble means to investigate the extent of urban growth and sprawl. This model reflects the
regional concentration or dispersion of a certain LU/LC class, making it a better choice for
comparing two or more phases of urban growth. The Shannon entropy estimates the aver-
age unpredictability of a random variable, which is proportional to its relevant information
(Du et al., 2022; Malarvizhi et al., 2022). Entropy values range from 0 to log(n) and meas-
ure how much built-up land is expanding and sprawling in an urban built-up region (Patra
et al., 2022; Punia & Singh, 2012). Entropy can be near to 0 when a value is highly concen-
trated, whereas entropy close to log(n) suggests a highly dispersed value (Horo & Punia,
2019; Mithun et al., 2021; Shukla & Jain, 2019). Most urban areas have densely populated
areas in their centres and sprawled outward.

The entropy (H,,) of the urban built-up settlements can be calculated using the following
equation,

S 1
Hn = Z Pm * log (a) Q)

m=1
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where p,, shows the variable quantity in the mth zone and n is the total number of zones or
concentric circles.

Xm

Pm = —an:] X, (10)

where x,, is the observed urban patches in the respective zone.

For the present study, the Shannon entropy of the urban built-up patches has been
analysed in all three spatial zonal approaches with respect to CBD. The entropy values
for each portion of the GSC have been obtained by computing the entropy from the land
use built-up data. This approach is trustworthy since it can identify growth and sprawl
patterns in any urban area.

4 Results and discussion

4.1 Urban built-up landscape fragmentation analysis based on a spatial direction
approach

e (Class Area (CA)—The maximum built-up class area in the S-SW direction (Fig. 7(a))
has doubled in the last three decades, from 266.58 in 1991 to 824.22 ha in 2021. Zone-
VIII and zone II found a minimum built-up class area expansion.
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Edge density (ED)—The maximum increment in edge density is found in W-SW and
S-SW from 1991 to 2021, which means the urban area growth rate in this direction is
higher than in other zones (Fig. 7(b)).

Total edge (TE)—The urban areas were discontinuous growth from 1991 to 2021
because edges were narrower, and the landscape was more dispersed (Fig. 7(c)). The
TE data indicates that edges constantly developed from 1991 to 2021, and S-SW and
S-SE directions significantly increased.

Mean patch size (Area_MN)—Metrics generated from patch areas offer opposing per-
spectives on patch size as well as on the fragmentation of the landscape. Zone I (N-NE)
(Fig. 7(d)) covers the minimum geographical land of the study area but is densely popu-
lated and near to CBD, giving maximum AREA_MN values. Zone V (S-SW) has cov-
ered the maximum geographical land, and the values of AREA_MN have found a high
growth rate compared to other zones.

4.2 Subdivision patch metrics

The Number of Urban Patches (NP)—It measures how fragmented built-up regions are.
Figure 8(a) represents the number of settlement built-up patches by directional zone
over various periods. In almost every zone, there was a significant rise in NP from
1991 to 2021, indicating that the landscape grew progressively fragmented after 1991.
The NP values were reduced in the N-NE and N-NW; this reduction explains how the
patches aggregated. The directions S-E, NW-W and S-SW had a considerable rise. In
most cases, built-up patches significantly increased, especially at the margins of the
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NW direction. Therefore, it suggests that urban expansion will occur continuously in all
directions.

e Patch Density (PD)—It exhibits a higher rising tendency in PD values towards the
N-NE, N-NW and S-SW directions having a higher rate of expansion showing spatial
discontinuity of built-up patches (Fig. 8b). In contrast, lower growth rates have been
found in zones III and IV; the patch density increased around four times in the W-SW
directions and has lower values near the city centre.

e Largest Patch Index (LPI)—The zone II LPI metric was much greater than zone V and
zone 111, and zone VI LPI is the largest among them (Fig. 8c). It represents the percent-
age of land patches decreasing from 1991 to 2021. The lower LPI was detected in zone
I in 2021, indicating a decreasing trend in LPI, meaning the built-up land has grown
and tends to rise on compactness.

e Landscape Shape Index (LSI)—The LSI is a simple approach to identifying the aggre-
gation and dispersion of urban patches. Figure 8d illustrates the minimal LSI values in
the W-SW and E-SE directions in1991, showing simpler forms and more compact set-
tlement areas. Between 1991 and 2021, the N-NE direction indicates minimal changes,
whereas the S-SW direction reveals significant increases in LSI values.

4.3 Shape metrics

Area-Weighted Mean Patch Fractal Dimension (AWMPFD or FRAC_MN) is a shape met-
rics, the average patches inside the landscape area balanced by the patch area. Herein, the
years 1991 and 2011 indicate higher fluctuating trends (Fig. 9). S-SE and N-NW directions
show FRACT_MN values close, while W-SW and W-NW directions values was far from
central values.

4.4 Urban built-up growth and Shannon entropy index

All three area classification approaches have been used for the Shannon entropy explora-
tion of the study from 1991 to 2021. Figure 10 represents the urban built-up growth of the
GSC. Tables 1 and 2 represent the details of spatial direction-wise and concentric circle-
wise built-up area, changes and Shannon entropy values, respectively. Figures 11 and 12
are the graphical and map representation of gradient zone-wise Shannon entropy values

Fig.9 Shape metrics (FRAC_ 1.075
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different directions from 1991 0704
to 2021 1.065
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Fig. 10 Urban built-up growth of proposed GSC plan region from 1991 to 2021

with particular directions. Figure 13 exhibits the map of concentric circle-wise Shannon
entropy values. The detailed descriptions of the gradient zone-wise total geographical land,
urban built-up land, changes and the Shannon entropy values are attached in Appendix
Table 3.

The maximum geographical land covered by zone V between the S-SW directions from
CBD is nearly 3243.87 ha. Its built-up area has doubled in the last three decades as in 1991
built-up area recorded 266.58 ha, which rose to 824.31 ha in 2021. The trend shows the
city’s growth in this direction was increasing continuously. The major factor in attracting
growth in this direction is almost plane surface, so the commercial and residential growth
occurred on both sides of the highway, major roads and streets. The Silchar Medical Col-
lege, numerous private hospitals, Polytechnic College, the National Institute of Technology
(NIT Silchar) and other mixed built-up areas (commercial with residential) are present in
this zone. The above facilities attract people for residential and commercial activities. The
gradient zones (GZs) in the S-SW direction, GZs 26 to 32, have the area of the zone in
increasing order, while the density of built-up settlements follows sprawling trends with
increasing distance from the CBD. Here, the GZs 26, 27 and 28 were covered in 0 to 3 km
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Fig. 11 Graphical representation of gradient zone-wise Shannon entropy values from 1991 to 2021

distance, indicating the entropy values were decreasing continuously, and the built-up area
was following the infill growth trends. The GZs 29 to 31 have linear growth near the main
roadside, while leapfrog growth was observed with increasing distance from the main road.
The shape of the GZs 33 to 36 was in decreasing order, whereas the built-up growth and
entropy values of these regions show a continuously increasing trend representing urban
growth with a sprawl pattern. The NIT Silchar and Fakirtila market has come under the GZ
33 and been higher entropy, indicating the compactness of residential land, and leapfrog
with infill developments follows. Some portion of the area in GZs 30 to 34 was nearly 4 to
5 m lower in altitude than the residential area, so during the monsoon, it gets submerged by
water. That is why the built-up growth has not occurred in these low-lying areas.

Zone VI followed the same growth patterns in the W-SW direction, which covers
2228.49 ha of the total geographical area of the GSC. The 275.49 ha built-up infrastructure
land growth has been observed in this region from 1991 to 2021. The entropy values of
this zone were found to be 0.240, 0.273, 0.327 and 0.358 from 1991, 2001, 2011 and 2021,
respectively. It represents the increasing trends in entropy values symbolizing urban sprawl.
The GZs 37 and 38 are under 2 km distance and have followed infill type growth, while
GZs 39 and 40, under 3 to 4 km distance from CBD, have linear growth near the major
road and infill growth trends in the available open space within the residential area. GZs 41
and 42 have very few built-up areas, and most of the land is agricultural. The GZs 43 to 45
have some villages surrounded by agricultural land. The Shannon entropy values have con-
tinuously increased in GZs 38 to 45, indicating that their built-up area was increased from
1991 to 2021 but in an unorganized dispersed manner and nonlinear patterns.

Zone VII (W-NW) covers 1950.39 ha of the total geographical area. Here the obser-
vation found that the 212.94 ha of the built-up area has increased from 1991 to 2021,
and the Shannon entropy has decreased with minor variation, indicating compact growth
trends. In brief, the GZ 46 is within 1 km from CBD; most of the area here was covered
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Fig. 12 Representation of changes in gradient zone-wise Shannon entropy values: a 1991, b 2001, ¢ 2011
and d 2021

by cantonment, so no significant change has been recorded in the urban built-up class. The
GZs 47 and 48, present 2 to 3 km from CBD, have observed the maximum built-up growth
along the entire area in this direction. The Silchar railway station is located in the GZ 47,
so the mixed built-up land, commercial and residential area, has grown continuously fol-
lowing the infill growth trend. GZ 48 is primarily residential, with a small portion of land
covered by commercial, industrial and warehouses, which has been growing since 2001,
while the Shannon entropy values have been observed at a minimum in 2011. The mixed
growth pattern types have been followed across all GZs in this direction.

The S-SE direction has zone IV and covers a 1141.56 ha area of about 200.97 ha of
built-up land expanded from 1991 to 2021. The Shannon entropy value was the minimum
in 2001, while the remaining period shows slight variation. The GZs 18, 19 and 20 in under
3 km distance from the CBD, where most of the land shows the compact and infill growth
trends followed by the commercial, mixed built-up areas and residential areas. The GZ 21
has a sprawl trend with linear growth near the highway. In GZs 22 to 25, an uneven built-
up growth pattern was followed by leapfrog and scattered growth trends.

Zone III (E-SE) covers a total area of around 954.81 ha, and approximately 74.43 ha
of the built-up area increased from 1991 to 2021. The Shannon entropy values were
0.182, 0.157, 0.133 and 0.154 during 1991 to 2021. The GZ 13 nearest to the CBD was
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Fig. 13 Representation of changes in concentric circle-wise Shannon entropy values from 1991 to 2021

densely populated and had a compact built-up landscape. The commercial activities are
found in practice across the major roads and inner area of this zone and the residential
land. The infill and organized urban growth pattern was noticed here. The GZs 14 and
15 are 2-3 km from the CBD and have been built-up growth continuously, but the rate
was lower than GZ 13. The Shannon entropy values decrease continuously, and mostly
leapfrog growth has been found in all GZ in this zone. Only the GZ 17 covers by agri-
cultural land with the river in the east direction.

The E-NE direction has zone II with a 927.45 ha total area and 142.2 ha of total
built-up land in 2021, which was 69.66 ha in 1991. The entropy values observed 0.182,
0.177, 0.159 and 0.154 in 1991, 2001, 2011 and 2021, respectively. It is an indication
that the built-up area has grown continuously. The GZ 6 is under 1 km from CBD and
has dense built-up, including commercial, residential and official areas with some por-
tion of the Barak River. The GZs 7 and 8 from 2 to 3 km from CBD have a high built-up
growth rate, and the entropy values also increased continuously. The growth pattern in
this area is linear near the roadsides, but far from the major roads; it has an unorganized,
scattered and leapfrog urban growth type. The GZs 9 to 12 have rural areas and a slower
rate of built-up growth with scattered trends.
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The N-NW direction under zone VIII covered 397.44 ha of the total area, while the built-
up land was 111.42 ha in 2021. The maximum area of this zone is covered by the Barak
River, which creates the outer boundary of this zone. The built-up growth in this region has
around 59.58 ha from 2001 to 2021, which was a comparatively slower rate of urban growth.
The entropy values found in decreasing trends may indicate sprawled and scattered growth.
The GZ 54 is near the city centre, having most of the area covered by official and recrea-
tional areas, and the built-up growth was much slower due to the lack of available open
space and vacant land. The GZ 55 covers a tiny portion of the river and residential area,
rising to compactness with the growth of most of the infill types. The GZs 56 and 57 have
observed linear growth on both sides of the major road and infill growth with low built-up
density. The river has covered the maximum land of the GZs 58 and 60 with small patches
of built-up land. At the same time, the GZ 59 has a meandering river, and the built-up area
follows the river pattern through infill growth with minor variations in entropy values.

Zone I (N-NE) covers the minimum portion of the total geographical land of only 352.62 ha.
The built-up land in 1991, 2001, 2011 and 2021 was approximately 115.56 ha, 146.97 ha,
169.47 ha and 179.73 ha, while the Shannon entropy values were 0.231, 0.203, 0.182 and
0.162, respectively. The GZs 1, 2 and 3 are covered under the old city area, and the entropy
values show decreasing trends, representing the built-up area grown to compact with the infill
growth type. The GZ 4 has a minor built-up area, while no built-up patches were found in GZ 5.

The detailed statistics of concentric circle-wise changes in a built-up area and Shannon
entropy from 1991 to 2021 are given in Table 2 and Fig. 13. The concentric circle (CC) 1 cov-
ers a 313.47 ha area, while the built-up growth from 1991 to 2021 is 170.19 ha to 226.62 ha
and entropy values were 0.393 to 0.237. The CC 1 is dense and compact from the N to W
clockwise directions means the urban growth occurs continuously here within following maxi-
mum infill growth trends. At the same time, most of the portion of the W-N direction has
been utilized for cantonment and recreational activities, so there are fewer built-up area incre-
ments in this direction. Ring 2 covers an 884.34 ha area, and built-up land growth occurred
in all directions. The entropy values decreased continuously from 0.562 to 0.411, indicating
the area was moving to compactness. Ring 3 observed the built-up patches almost in all direc-
tions, while N-NE and SE-SW are more compact than in the other directions. Rings 4, 5 and 8
observed the maximum built-up growth towards the SE to SW directions, while rings 6, 7, 9,
10 and 11 follow the sprawled and dispersed built-up growth patterns in all directions.

5 Conclusion

The present research study is focused on the urban built-up area growth dynamics from
1991 to 2021 using land use data of the Greater Silchar City (GSC) plan region. It demon-
strates that integrated GIS techniques such as spatial directions, concentric circles and gra-
dient zonal approaches with landscape metrics and Shannon entropy models are powerful
tools. They are suitable for analysing and monitoring urban growth patterns in every nook
and corner of the city limits. Shannon entropy variables have been employed to measure
the extent of urban growth and the fractal value to understand the dynamics of change in
the fractal aspect of sprawl.

e Except for the core area, the built-up area was scattered randomly and rises with

increasing distance from the city’s centre. Most of the unoccupied lands are being
converted into residential, commercial, mixed built-up areas on day by day. The urban
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growth and sprawl process are ongoing in all directions of the GSC region. Most of the
rapid built-up growth has happened in areas between 8 and 11 km distance from CBD
and under the S-SW directions.

e Maximum infill growth trends have been observed under a 2 km distance from the cen-
tral business district (CBD). The linear built-up growth pattern has followed most of
the highways and major roads. But mixed growth patterns of linear, scattered, infill and
leapfrog have been found in the areas with a distance of over 3 km. The built-up growth
varies with various conditions such as direction, available space, road network and geo-
morphological conditions.

e Integrating the GIS technique with built-up land use data and the spatial direction approach
applied to FRAGSTATS v4.2 software has provided precise results for urban landscape
patterns. The landscape metrics deal with edge, patch, shape and aggregation metrics,
which helps to understand the growth pattern of built-up land. The core area, total edge,
number of patches, LSI and Shannon entropy had maximum values in the S-SW direction
representing the maximum built-up growth, whereas in the case of the radial distance from
CBD, ring 3 has the highest built-up growth. Patch densities were higher in N-NE, S-SE
and N-NW directions, indicating a higher and more compact built-up growth rate.

e The minimum built-up growth of 56.43 ha has been found under 1 km from CBD, with
entropy changing from 0.393 to 0.237, whereas in the N-NE direction, built-up growth
is 64.17 ha, with entropy changing from 0.2314 to 0.1624 within the years 1991 to
2021. The reason is that both regions were under the older township, which is already
densely populated and has minimal availability of vacant lands.

e Shannon entropy results show that the city has compacted near the centre while the disper-
sion rate of built-up areas has been rising, ultimately demonstrating that the process of
urban expansion has been happening continuously. In the study area, the built-up patterns
follow an unsystematic and imbalanced growth over different periods and directions.

e The present study recommends the policymaker of Greater Silchar City to improve the
road network and facilities of public transportation, which will help in reducing the prob-
lem of traffic congestion. New built-up (residential, colonies, commercial, official, insti-
tutional, medical, etc.) projects should be set up on the outskirts of the city. This can help
maintain the goals of sustainable development and reduce the pressure of overcrowding
in the city’s core area. This research can help to find out the available vacant landscapes
and periodic built-up growth trends in particular directions and distances from CBD.

In general, utilizing spatial-temporal data and quantitative methods within the frame-
work of remote sensing (RS) and geographical information systems (GIS) proves to be an
effective strategy for analysing urban growth trends. These modelling approaches can be
employed to delineate growth patterns for any city. The methods proposed in this research
hold significant benefits for researchers, municipal bodies and decision-makers involved
in the development of sustainable urban planning strategies. Ultimately, this study recom-
mends the integration of RS spatial-temporal data, GIS tools and quantitative approaches,
such as the Shannon entropy model and landscape metrics, to encourage a more compre-
hensive understanding of the urban environment.

Appendix

See Table 3.
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