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Abstract

Rapid socioeconomic developments have spurred urban sprawl in Nepal. Bharatpur Metropolitan City (BMC) in recent decades,
resulting in notable changes to the land use and environment. Using Landsat images and GIS-based methods, this study examines
the spatial and temporal dynamics of urban sprawl from 1990 to 2020 and projects future growth through 2040. Built-up areas
expanded by over 20 times, from 3.29 km? in 1990 to 64.32 km? in 2020, according to the Land Use and Land Cover (LULC)
categorization. At the same time, there was a significant amount of land conversion as agricultural land decreased from 221.88
km? to 193.90 km? and barren land decreased by more than 60%. Three predominant types of urban sprawl were found: leapfrog
(important within 0-30 km buffers), infill (8.94 km?), and extension (103.48 km?). The most common areas for extension-type
sprawl were those between 0 and 5 km. Built-up area is expected to rise by 132% from 2020 levels to 113.25 km? by 2030 and
149.33 km? by 2040, according to spatiotemporal analysis and CA-Markov modelling. By 2040, this growth is expected to further
reduce the amount of agricultural land to 118.78 km?. These results underline how urgently urban planning interventions are
needed to manage haphazard development, protect arable land, and direct sustainable growth. The study shows how important it
is to combine predictive modelling, spatial analysis, and remote sensing to inform land use regulations in areas that are rapidly
becoming more urbanized.
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1. Introduction

Urban sprawl is an unplanned and uneven growth pattern,
resulting from various processes and inefficient resource uti-
lization [1]. Urban sprawl expansion is a significant issue in
urban areas due to inadequate infrastructure and basic facili-
ties like water supply, electricity, and sanitation services [2].
Nepal has experienced rapid urbanization and population
growth in the last six decades, largely due to the development
of physical infrastructure and increased migration and popu-
lation [3]. Nepal's urbanization has significantly increased in

recent years, making it one of the world's least urbanized
countries and one of the top ten fastest-urbanizing nations [4].
Nepal is grappling with climate change issues such as precip-
itation patterns, glacial melt timing, and rates, which could po-
tentially affect agriculture, biodiversity, and hydropower en-
ergy production [5]. Bharatpur, Nepal's administrative center,
is a major commercial and service center known for its high-
quality education, healthcare, and transportation. Located in
the Terai region, it is situated in the Gandaki River drainage
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basin and has a modest watershed border with India [6, 7].
This research uses RS and GIS techniques to study the urban
sprawl in Bharatpur metropolitan city from 1990 — 2020, fo-
cusing on the Kathmandu Valley, Pokhara Valley, Inner Terai
valleys, and market and border towns located on highway
junctures. Urban growth centers are emerging near the Indian
border [8]. Antalyn & Weerasinghe's [9] study uses Landsat-
8 OLI/TIRS and Landsat-5 TM satellite images to determine
urban sprawl, Land Use Land Cover change, highlighting its
unplanned, uneven growth patterns and inefficient resource
utilization. Urban sprawl assessment has been utilized in var-
ious applied sciences, as demonstrated by Rimal et al. [10] re-
search on the Nepal Earthquake 2015's impact on urban
growth in Kathmandu Valley. Shao et al. [11] conducted a
study on the impact of urban sprawl on sustainable develop-
ment using remote sensing and social media data. Almeida [12]
utilized GIS and neighborhood statistics to analyze urban
sprawl in Richmond, Virginia, identifying three density devel-
opment types and setting threshold values. Gervasoni et al [13]
utilized three primary dimensions of sprawl: dispersion, land
use mix, and accessibility, each requiring a specific numerical
index computation. Falah et al. [14] practiced Cellular autom-
ata (CA) as computational method for urban growth modelling.
Litman [15] suggests a comprehensive urban sprawl assess-
ment that takes into account factors like development density,
mix, centricity, transport network connectivity, and the qual-
ity of transport options. Suwal [16] emphasizes the need for a
robust and accountable governance structure to effectively
manage and regulate urban growth in major cities, local areas,
and newly expanded areas. Rapid urban growth's impact on
environmental issues is a crucial concern for urban planners,
policymakers, and environmentalists in these regions [17].
This study examines social, demographic, and economic as-
pects of urban growth in BMC, including water supply, sani-
tation, health, housing patterns, and environmental infrastruc-
ture. It uses socio-economic data, urban base maps, GIS, and
ERDAS imagery to analyze land use, land cover, socio-eco-
nomic disparities, and environmental issues. The main objec-
tives include analyzing spatial and temporal dynamics of land
use, land suitability, impacts of urban growth on agricultural
land, and the interaction between municipal water supply,
sewage disposal, and environment.

1.1. Causes of Urban Sprawl

Urban sprawl is primarily driven by socioeconomic and cul-
tural factors, with land value playing a significant role in rapid
urban growth, often occurring in areas with lower property
values [18]. Three underlying forces that are interrelated with
land values to increase the spatial urban sprawl [19]. These
forces are (i) Population growth in the periphery of central ur-
ban areas (ii) Rising income of people (iii) Third, decreasing
commuting costs due to historical investment in transport in-
frastructure [20]. This study explores the impact of labor mi-
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gration in Nepal's hills, focusing on the effects on land man-
agement and the impact on households due to the resulting la-
bor shortage, highlighting the ongoing emigration trend [21-
23]. Land use changes are influenced by human and environ-
mental factors, and understanding their interplay can provide
insights into actual changes and concessions [24]. Land prices
in rural and sub-urban areas are lower, and many Nepalese
people work abroad, earning more money. This has led to in-
creased land fragmentation in urban areas. Many people pur-
chase small plots of land for residential purposes on the out-
skirts of metropolitan cities. As development increases infra-
structure, residents' demands for transport, health, and educa-
tion facilities increase. Land developers and real estate devel-
opers use these facilities to develop residential areas outside
the city center [25]. Technology and service centers are sig-
nificant indicators of urbanization and urban sprawl. Comput-
ers reduce human relationships and improve quality at low
costs. Developers and contractors use computer technology in
urban development. Age plays a crucial role in urban sprawl
patterns, with younger families seeking affordable housing
options at the urban fringe. [26]. That why urban sprawl! can-
not be defined by a single parameter [27]. Galster et al. [28]
define urban sprawl as a pattern of land use and land cover,
exhibiting eight dimensions: density, continuity, concentra-
tion, clustering, centrality, nuclearity, mixed uses, and prox-
imity. The eight attributes of compacity/sprawl characteriza-
tion combine physical and functional dimensions, focusing on
the spatial configuration of land use development, density, and
daily activity mix. Despite its unsustainable nature, people
prefer larger lots in suburban communities, highlighting the
importance of considering these dimensions when available
information [29].

1.2. Consequences of Urban Sprawl

Urban sprawl's long-term impact, despite the significant
single-family home construction, is difficult to predict over a
longer period [30, 31] argue that the misconception of sprawl
as offering affordable housing and a better quality of life is
often misunderstood, leading to overlooked cumulative urban
development impacts. [32] refer to urban sprawl as the ‘pitfall
of marginalization', characterized by negative impacts such as
crowding, accessibility, agricultural land degradation, and
poor social infrastructure. Urban sprawl impacts infrastructure,
utilities, and services efficiency, directly affecting people's
livelihoods, property values, and commuting, and affecting
various aspects of the urban environment [33]. Urbanization,
characterized by the expansion of impervious surfaces and the
blocking of river or stream channels, is expected to increase
flood vulnerability and risk. [34-37] highlights the environ-
mental impacts of urban sprawl, including air and water pol-
lution, loss of natural habitats, reduced open space, increased
flood risks, and reduced quality of life due to automobile de-
pendence. In the 2000s, road network plans led to the expan-
sion of building areas on major roads connecting the outskirts


http://www.sciencepg.com/journal/urp

Urban and Regional Planning

http://www.sciencepg.com/journal/urp

to five municipalities, replacing productive farmland [38].
The reliance on automobiles, in particular, has contributed to
the deterioration of air and water quality as well as the rapid
depletion of fossil resources [39]. New urban models offer in-
sights into South Asian urban dynamics, but understanding
physical and socioeconomic patterns remains limited. Geo-
spatial technology fills this gap, but empirical case studies re-
main scarce [40].

1.3. Types of Urban Sprawl

Urban sprawl can vary across countries and contexts, with
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Figure 1. Hypothetical sequence of the spatial evolution of an urban area.
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three distinct types of urban growth: newly grown, pre-growth,
and newly developed [41]. The study identifies three growth
types: infilling, edge expansion, and spontaneous growth,
each with varying importance in explaining the evolution of
landscape patterns over time [32, 42]. The Landscape Expan-
sion Index value determines if a growth patch is infilling, edge
expansion, or spontaneous growth, indicating the three types
of urban growth. According to Xu et al. [41] each type of
growth has a different level of dominance in the population.
The hypothetical sequence of the spatial evolution of an urban
area is shown below in Figure 1.
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Figure 2. Three urban growth types.

Characterization of agricultural to urban landscape transi-
tion patterns and processes in Hanoi used a hypothetical
model of spatial evolution [43]. The urban land area grows as
a result of diffusion and coalescence in the spatial evolution
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model (Figure 1). When new developments are built on the
outskirts of an urban core, the once-compact landscape (Fig-
ure 1a) becomes increasingly fragmented (Figure 1b). They
start to aggregate as they grow and eventually cover the entire
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landscape has grown in population and urbanization (Figure
1c), and the next diffusion—coalescence cycle begins as the
city takes things to the next level (Figure 1d). We analyzed the
spatiotemporal patterns of urban patches using spatial metrics
and the type of urban growth to calculate and monitor these
changes. Urban growth types are presented in Figure 2.

1) Infilling types of growth that occur within urbanized
open space and increases built-up area contiguity by fill-
ing in that space;

2) Edge expansion that refers to non-infill development that
intersects the urban footprint and extends outward from
previous developments; and

3) Spontaneous growth that neither intersects the urban
footprint nor is adjacent to previously developed areas
and has the greatest impact on open lands fragmentation.

Literature suggests several characteristics to understand and

quantify sprawling land development, despite the lack of an
agreed-upon definition, these are a few examples:

1) Low-density, single-family dwellings: Sprawl refers to
the increasing number of large-lot residential housing
development [44]. That consumes vast amounts of pre-
viously vacant or productive land [45]. Density can be
measured by the number of dwelling units per neighbor-
hood, median lot size, or median floor space for single-
family homes [46].

2) Automobile dependency even for short trips: Sprawling
development patterns in neighborhoods lead to residents
relying on automobiles for transportation, with cul-de-
sacs dominating street patterns, causing a lack of con-
nectivity and difficulty in accessing nearby attractions
[47]. Auto dependence leads to the creation of uniformly
populated neighborhoods with limited land use variety
[45].

3) Spiraling growth outward from existing urban centers:
Sprawl refers to low-density development rapidly dis-
tancing from urban centers, with 80% of newly con-
structed housing acreage in the US outside urban areas
and 94% divided into 1-acre lots [48].

4) Leapfrogging patterns of development: Sprawl is a prev-
alent form of development that favors rural parcels over
adjacent vacant lands [49]. Leapfrogging is an ad hoc de-
velopment pattern that results in the use of a significant
amount of land.

5) Strip Development "Ribbon™ development: Sprawl de-
velopment extends roads from urban centers, housing,
and commercial properties, posing traffic safety risks
and surrounded by parking lots in rural areas [50].

6) Undefined edge between urban and rural areas: The blurred
line between urban and rural areas is becoming more evi-
dent as residential development expands from urban areas,
often encroaching on open space and agricultural lands.
This sprawling development pattern is influenced by the
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surrounding urban-suburban environment [48].

Urban sprawl can be categorized into three classes: expan-
sion, infill, and leapfrog, based on the extent of urban sprawl
in a specific area [51-53]. The Urban Landscape Analysis
Tool (ULAT) was used to identify urban sprawl types, pro-
ducing three output maps: urban footprint, urban area map,
and new development land cover map [54]. ULAT analyzes
multi-year land cover maps of cities, producing a new devel-
opment map classified into infill, extension, and leapfrog clas-
ses. Infill-type growth refers to the development of new open
areas within existing urban areas, which have been developed
in the preceding and previous periods [51]. Extension refers
to the newly built development area that overlaps with the cur-
rent urban footprint, representing newly developed pixels in
the open fringes of the previous period. Leapfrogging is an ad
hoc urban sprawl pattern where new areas are developed out-
side existing urban areas, favoring rural areas over urban ones,
resulting in extensive land use [55].

1.4. Cellular Automata

Cellular automata (CA) are computational methods that
simulate growth processes by describing complex systems us-
ing simple rules [56]. The model simulates future urban
growth, land use change, and population expansion using spa-
tial interaction rules and parameters, enhancing its ability to
simulate complex geographical processes [57].

Space is tessellated into grid cells with initial state C;j**°,
state of the cell (i, j) at time t +At can be expressed as:

Ci' 9= F (Ci"t, O, R) (1)

Where Cijtis the cell state at time t, Ojj! is the state of the cell
in its neighborhood, R represents transition rules, and +At is
small. Using this equation and transition matrix will generate
the Urban Growth Model (UGM).

2. Material and Methods

2.1. Study Area

Bharatpur is situated on the left bank of the Narayani River
and serves as a commercial hub for the Chitwan district and
central region. It is situated in the Kathmandu — Birganj road
corridor, on the Mahendra Highway. The city's proximity to
major cities like Kathmandu, Pokhara, Butwal, Ghorahi, Bir-
ganj, Hetauda, and Prithivi Narayan has made its location cru-
cial [7]. Bharatpur Metropolitan City, Nepal's largest city after
Kathmandu, covers 432.95 sg. km and has a total population
of 369,268, according to CBS 2011. The study area map is
presented in Figure 3.


http://www.sciencepg.com/journal/urp

Urban and Regional Planning

http://www.sciencepg.com/journal/urp

219000 228000
N 1

265000 264000
Y N

246000
f

Location Map
(Bharatpur Metropolitan City) "
st ™~

Kawasoll Ciibavan Natienal Paik™/

— o

<y Mnbukhairent N

A

Benighat Ro‘ang

lchchhya<amana

3076000

‘\
18
e
8
Kalika
— g
e \\ —§

3058000

Coordinale System: WCS 1984 UTM Zone 45
Projection: Transverse Mercator Scale: 1:175,000 Ward Boundary
Datum: WCS 1984 25 10 15 20 | - ipal Boundary
Cata Source: Survey Deoartment, Nepal Kilometers ...

246000 285000 264000

T T
219000 228000 237000

Figure 3. Location map of Bharatpur Metropolitan City.

2.2. Data Acquisition

Landsat 4-5 TM images from 1990, 2000, 2010, and 2020
were extracted from the administrative boundary of BMC.
The images include seven spectral bands with a 30m spatial

2.3. Data Processing and Analysis

resolution, with a 120m spatial resolution. The scene spans
170 km north-south and 183 km east-west. Administrative
boundary shapefiles were acquired from the Survey Depart-
ment of Nepal, secondary data from Bharatpur Metropolitan
City, and statistical data from the Central Bureau of Statistics.

Landsat image 1990
Landsat image 2000

Working Methodology of Urban Sprawl Analysis
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Figure 4. Schematic presentation of Methodology.
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The study analyzed land use land cover patterns and
changes from 1990 to 2020 using Landsat images and ERDAS
IMAGINE and ArcGIS software. Accuracy assessments were
conducted for 2030 and 2040, with models and urban footprint
maps derived from the urban landscape analysis tool (ULAT).
The following methodology describes the process of data
preparation, analysis, and determination of the result for this
study in Figure 4.

2.3.1. Image Classification

Landsat 5 TM and Landsat 8 OLI/TIRS imageries were
classified using supervised pixel-based classification. Manual
editing was used to create training areas for various classes,
including agriculture land, barren land, built-up areas, forest
land, and water bodies. Classified imageries were compared
to Google Earth images and reclassified for area calculation.
Land use land cover maps for years 1990, 2000, 2010, and
2020 were prepared. Image classification generates a raster
file with class labels on each element. The actual quality of
the images must be verified and quantified. Common sam-
pling approaches include comparing classification results to a
true world-class, using an error matrix for accuracy measures.
Field observations yield the "true world-class," which is pref-
erable. Reference sources are sometimes assumed to identify
and compare class types. The ratio of equally classified pixels
to pixels not classified is shown between reference and classi-
fication, with a value range of 0 to 1 (no agreement between
reference and classification) to 1 (complete agreement be-
tween reference and classification).

2.3.2. Change Detection

Land use land cover changes from 1990 to 2020 were per-
formed by the intersection of two LULC maps after vectoriza-
tion of classified raster imageries. Land use changes were ob-
tained after the intersection of two LULC maps.

2.3.3. Urban Sprawl Assessment

The study assessed urban sprawl between 1990 and 2020
using multi-ring buffer measurements and urban footprint
measurements. A zero point was set near Hakim Chowk, and
a 5 km incremental multiring buffer was created to identify
sprawl levels. The graph of the incremental buffer versus
built-up area provided a better understanding of urban spatial
concentration and dispersion. The Urban Landscape Analysis
Tool was used to identify types of urban sprawl in metropoli-
tan cities, categorizing them into urban, water, and other data

101

classes each year [58]. The reclassified image was incorpo-
rated into ULAT, resulting in the creation of three output maps:
urban footprint map, urban area map, and new development
land cover map.

2.4. Urban Sprawl Extent Modeling

The study aimed to predict future land use and land cover
in BMC from 1990 to 2020 using TerrSet Geospatial Moni-
toring and Modeling Software, which includes the Land
Change Modeler (LCM). LCM simplifies land cover change
analysis, allowing for quick analysis of changes in land cover
and empirical modeling to explain variables and scenarios.
The study also performed LULC change analysis between
1990 and 2020, focusing on urban sprawl changes and transi-
tion modeling from 1990 to 2010. The CA Markov chain anal-
ysis was used to divide the total area into a cell grid, repre-
senting an integrated area, and a grid or raster grid, represent-
ing a finite state [59]. A modeled land use land cover map for
2020 was prepared using a transition model, land cover
changes, and variables such as Digital Elevation Model, Slope,
Aspect, Distance from River, Distance from Road, and Suita-
bility map. Validation was performed using an earlier land
cover image for LULC 2010 and later land cover change for
LULC 2020, and urban extent for 2040 was prepared.

3. Results and Discussion

3.1. Land Use Land Cover

Land use and land cover are often used interchangeably, but
each has distinct meanings. Land cover refers to the ground's
surface, such as vegetation, urban infrastructure, water, or
bare soil. Identifying land cover can aid in activities like the-
matic mapping and change detection analysis, while land use
refers to land use for recreation, wildlife habitat, or farming.
Land use planning (LULC) is influenced by various factors
such as topography, lithology, soil type, rainfall, socio-cul-
tural practices, and location. It involves abstracting features
and grouping them into appropriate categories. Six different
LULC maps were classified into five categories: agricultural
land, barren land, built-up area, forest land, and water bodies.
Classification is a methodical approach to grouping features
and assigning relationships between them. Each LULC map
was validate by performing accuracy assessment. All years of
LULC area are presented below in Table 1.
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Table 1. Land use land cover between 1990 — 2020 in BMC.

Year 1990

Land Use Area (Km?)
Agriculture Land 221.88
Barren Land 12.14
Built-up Area 3.29

Forest Land 192.08
Water Bodies 3.56

Figure 5 displays land use and land cover maps from 1990,
2000, 2010, and 2020, as depicted in (a), (b), (c), and (d) re-
spectively. The majority of land in the metropolitan city is ag-
ricultural and cultivated, covering 221.88 km? out of 432.95
km2. Forest land covers 44.36% of the total area, followed by
barren land, which occupies 12.14 km? and accounts for 2.80%
of total land use land cover. Water bodies cover 3.56 km?, ac-
counting for 0.82% of the total land use land cover. The built-
up area occupies 0.76% of the total land use land cover, indi-
cating a small built-up area in 1990. In 2000, agriculture and
cultivated land occupied 55.06% of BMC's total land, fol-
lowed by forest land at 174.98 km?, barren land at 8.92 km?,
built-up area at 6.79 km?, and water bodies at 3.87 km?. The
built-up area occupied the second-last small area in 1990,
making it the second-smallest land cover in the metropolitan
city. In 2010, agriculture and cultivated land occupied 53.84%
of BMC's total land, followed by forest land, barren land,

2000 2010 2020
238.38 233.08 193.90
8.92 18.18 4.88
6.79 17.28 64.32
174.98 159.70 164.02
3.87 4.71 5.84

built-up area, and water bodies. The built-up area occupied
17.28 km? of the total land use land cover, while water bodies
occupied 4.71 km?2. The built-up area occupied the second-last
small area in the metropolitan city. In 2020, agriculture and
cultivated land occupied 44.79% of BMC's total land, fol-
lowed by forest land at 37.88%, built-up land at 14.86%, water
bodies at 1.35%, and barren land at 1.13%. Built-up land was
the second-smallest land cover in 2010, accounting for 1.13%
of total land use.

3.2. Land Use Land Cover Change

The study reveals that built-up areas increased significantly
in 2020, with agricultural land degradation and forest land
degradation. The study also found that land cover changes
from 1990 to 2020 were primarily agricultural, with most
changes detected using a geospatial analysis tool.
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Figure 5. LULC maps for 1990, 2000, 2010, and 2020 of Bharatpur Metropolitan City.

102


http://www.sciencepg.com/journal/urp

Urban and Regional Planning

http://www.sciencepg.com/journal/urp

The study reveals that the built-up area increased signifi-
cantly in 2020 compared to previous years, primarily due to
the degradation of agricultural land, forest land, and barren land
near the river corridor. The agricultural land changes from 1990
to 2020 were 221.88 km?, 238.38 km?, 233.08 km?, and 193.90
km?, with most changes occurring from 2010 to 2020. Geospatial
analysis tools were used to detect these changes. The study re-

3.3. Types of Urban Sprawl

veals that the built-up area increased significantly in 2020 com-
pared to previous years, primarily due to the degradation of agri-
cultural land, forest land, and barren land near the river corridor.
The agricultural land changes from 1990 to 2020 were 221.88
km?, 238.38 km?, 233.08 km?, and 193.90 km? with most
changes occurring from 2010 to 2020. Geospatial analysis tools
were used to detect these changes.
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Figure 6. Urban sprawl types for the study period.

Urban sprawl types from 1990 to 2020 were depicted in
Figure 6(a) shows urban sprawl types from 1990 to 2000, with
expansion between infill and leapfrog development. From
1990 to 2000, 0.28 km? of urbanized open area was infilled,
with the maximum area of urbanization being 2.50 km?. Urban
expansion primarily occurred within a 5 km buffer zone, with
2.47 km? of extension growth detected, 0.03 km? at 5-10 km,
0.29 km? at 0-5 km, and 0.39 km? at 0-20 km. Leapfrogging
urban sprawl was also detected within this range. Figure 6(b)
illustrates the urban sprawl types from 2000 to 2010. From
2000 to 2010, urbanization in urbanized open areas was pri-
marily due to extension-type expansion within a 5 km buffer
zone from zero point. The maximum area of urbanization was

5.50 km?, with 0.40 km? of newly developed pixels being infill.

The majority of urban expansion was due to extension-type
expansion within this buffer zone. Leapfrogging type of urban
sprawl was detected at (0-5) km proximity ranges, with a
growth area of 2.03 km?,

Most of the growth was detected in infill types at BMC
wards 2, 3, 10, and 11. Leapfrog type of sprawl was found in
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Fulbari, Gitanagar, Shivanagar, Patihani, and Mangalpur. Fig-
ure 6(c) illustrates the urban sprawl types from 2010 to 2020.
In addition, from 2010 to 2020, Infill urban sprawl was the
most prevalent, with 0.56 km? of newly developed pixels in an
urbanized open area. The maximum urbanization area was
26.80 km?. Figure 7 displays various types of urban sprawl
within a 5 km incremental buffer from 1990 to 2020.
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= 25,00

& 20.00

= 15.00
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< 000 —_ - —!

: Skm | 10km | 15km | 20km | 25km | 30 km
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—e—Infill 357 | 173 | 052 | 160 | 1.02 | 048
—o—Leapfrog | 327 | 643 | 749 | 594 | 381 | 239

Buffer distance in km

Figure 7. Bypes of Urban Sprawl within 5 km incremental buffer
(1990 - 2020).
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Most urban expansion occurred within a 5 km buffer zone
from zero point, with 18.97 km? of extension-type urban
growth and 3.57 km? at a 5-10 km proximity range. Infill ur-
ban sprawl occurred in newly constructed and widened roads,
with most rural open land and agricultural land used for new
settlements. Infill urban sprawl was mostly detected in BMC
wards 2 and 11, while extension-type sprawl was mostly de-
tected in BMC wards 3, 4, 7, 8, 9, 10, and 11. Leapfrog-type
sprawl was detected in Fulbari, Gitanagar, Shivanagar, Pati-
hani, and Mangalpur. From 1990 to 2020, 8.94 km? of
urbanization was infill, with the maximum area being 103.48
km2. Most urban expansion occurred within a 5 km buffer
zone from zero point, with 32.03 km? detected. Most of the
city's land was arable and suitable for cereal crops, but rapid
migration from rural areas transformed arable agriculture and
cultivated land into built-up areas. Leapfrog expansion had a
greater impact on cultivated and bare land, with leapfrog types
of development dominating urban sprawl within 0 to 30 km
buffer zones.

3.4. Urban Sprawl Modeling for 2030 and 2040

Urban sprawl extent modeling for 2030 and 2040 was done
using TerrSet Geospatial Monitoring and Modeling Software
and Land Change Modeler (LCM). Change probability grids
for 2010 and 2020 were generated using LCM and CA-Mar-
kov chain analysis in TerrSet IDRISI software. The model di-
vided the area into cell grids, representing finite states. Param-
eters for urban extent prediction included DEM, slope, dis-
tance from roads, rivers, aspect, and built-up suitability map.
The LULC map for 2030 was created using the 2010 and 2020
LULC maps as a base year. The model state time (t1) and mod-
eled state time (t) were applied for land cover prediction in
2030 and 2040. The CA — CA-Markovian method was used,
and the transition potential and transition area matrix were an-
alyzed. Figure 8 shows the modeled LULC for BMC 2030 and
2040.

3oapo0a
L
LG

L

nracon

wrao

AL

0e1000
E3000

ik

M0
Se00

Il
st

Jataca

- -2
g7 g
L |
1 g
H 3

) 1 1 T

220000 261000 240200 245000

AMC Boundary Agroukiure Land Barrer Land
3 3 1m0 2 0

22205:) mmlo MOI' MNNI! amola nm:z 2‘50.\? ZS‘NID
{a) Modeled LULC 2030 \ (b} Modeled LULC 2040 N
B kot A
2 2. Le
n " g §
B a

2 2
2 (3
£ -
24 2
E T T T T a
3 27000 236000 225000 263000 2
2 5

B suitt-up Area P Forestlend [ Viater Bodias

")

Kilarmeters

Projecied Coarcinale Syslem. WGS 1984 UTM Zone 46N

1
T

TN
$TH000

T

T
3072000

1
T

2055200
1026002

WE0L0S
T
10E0200

A0
S)S4000

Scale:-1:300,000

Geographic Coordinale Syslem. GCS WGS 1984

Figure 8. Modeled LULC of 2030 and 2040.

The 2030 LULC map of BMC shows forest land as the most
dominant land, covering 160.29 km? out of 432.95 km?, ac-
counting for 37.02% of the total land. Agricultural land is the
second dominant land, covering 149.98 km?, accounting for
34.64% of the total area. Built-up land is the third dominant
land, covering 113.25 km?, accounting for 26.16% of the total
land use land cover. Water bodies are the fourth dominant land

cover, accounting for 1.33% of the total. Figure 8(a) demon-
strates the built-up area in BMC has significantly increased
from 3.29 km? in 1990 to 64.32 km? in 2020. This increase is ex-
pected to increase more than twofold from 1990 to 2030. How-
ever, there will be substantial decreases in agricultural and culti-
vated land, forest land, and barren land. Agriculture land is ex-
pected to decrease by 23%, barren land by 25%, forest land by
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2%, and water bodies by 1%. Despite these changes, the built-up
area is expected to increase by 76%. In 2040, forest land occu-
pied 36.12% of the total land in BMC, covering 146.37 km?
out of 432.95 km?. The built-up area was the second dominant
land, covering 34.49%. Agricultural land was the third domi-
nant land, covering 27.43%. Water bodies were the fourth
dominant land cover, covering 1.33%. The last dominant land

cover was barren land, covering 0.62% of the total land use
land cover. The modeled LULC map of BMC 2040 shows that
bare and open land occupies a small area. The built-up area in
BMC has increased by over twofold from 1990 to 2040, with
substantial decreases in agricultural and cultivated land, forest
land, and barren land.
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Figure 9. Types of Urban Sprawl from 2020 to 2040.

3.5. Types of Urban Sprawl from 2020 to 2040

From 2020 to 2030, urban expansion primarily occurred
within a 10-kilometer buffer zone, with extension-type growth
affecting 12.04 km? of area, while "infill" expansion resulted
in 0.96 km? of growth. Figure 9 presents the types of urban
sprawl from 2020 to 2040. Urban sprawl, characterized by
rapid expansion within a buffer zone, is a significant aspect of
urban growth. Detected from 0 km to 30 km, this type of ex-
pansion is mostly within a 10-km buffer zone. Out of the total
urban expansion, 46 km? is extension type, with red patches
indicating growth in agriculture, rural development, and
fringe open land. The majority of new development is sub-

urban built-up and rural open land within 10 km and 15 km
buffer zones. From 2030 to 2040, most urban expansion is ex-
tension type, with 8.01 km? detected within 10-15 km proxim-
ity and 5.48 km? at (5-10) km proximity. Infill-type expansion,
on the other hand, results in a 1.43 km? growth area.

3.6. Direction of Urban Sprawl

From 2010 to 2020, new built-up areas in the south-west
and south-east zones of the city, including Gitanagar, Jyo-
tinagar, Patihani, Dibyanagar, Sukranagar, Kadhaghari, and
more, were concentrated due to high land value, urban road
expansion, and rural facility increments. Figure 10 illustrates
the direction of urban growth.
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4. Conclusion and Recommendations

4.1. Conclusion

The study analyzed urban sprawl in Bharatpur Metropolitan
City from 1990 to 2040 using RS/GIS technology and tech-
niques. The analysis revealed that the spatial distribution of
built-up areas has rapidly grown, disoriented, and low effi-
ciencies. New construction mainly occurred in suburbs and ru-
ral open land, with built-up areas occupying 3.29 km? in 1990,
6.79 km?in 2000, and 17.28 km? in 2010. The agricultural and
cultivated area decreased by more than three times compared
to 2010, and barren and open land decreased from 12.14 km?
to 4.88 km? between 1900 and 2020. The urban footprint map
showed most new development was detected in the southeast
and southwest zones from 2010 to 2020. The study concluded
that the densification of settlement areas near existing built-up
areas and the transformation of open and agricultural land into
new settlements were the main causes of urbanization. Exten-
sion and leapfrogging are two major forms of urban sprawl,
closely related to the BMC municipal division. The wards
with high contribution of extension, infilling, and leapfrog-
ging forms of urban expansion were distributed in the south-
east and southwest zones from the main city. The study em-
phasizes the need for a balance between population growth
and urbanization to improve the quality of life in the city.
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4.2. Recommendations

The research analyzes urban sprawl in BMC from 1990 to
2040, predicting a significant increase in urbanization. This
growth will have significant economic and environmental im-
pacts. It highlights the need for better planning and land use
planning to control urbanization and preserve the environment.
The study also highlights the challenges of high population
growth and urbanization, such as drainage issues, flooding,
traffic congestion, and unplanned settlements. It emphasizes
the need for government officials to protect river banks and
natural environments for wildlife and habitats. Future studies
should also consider environmental impacts like water pollu-
tion and climate change.
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