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ABSTRACT

The phenomenon of urban growth is a complicated one. It is the outcome of numerous social,
economi, ecological, cultural, and even political circumstances. Rapid urbanization generally occurs
due to the disbursement of peripheral prime agricultural land, destroying the natural landscape in
the process. Rohtak city is a fast-growing city in India‘s National Capital Region (NCR). The physical
development of the city and land use/land covers are measured using Landsat satellite data. ArcGIS
and Erdas software have been used for making the map, image processing and classification. In this
study, five major land use and cover categories, built-up area, agricultural land, vegetation, bare/open
land and water bodies, are used. The spatial arrangement and urban growth trends in Rohtak are
examined using Shannon'’s Entropy index. Results show that Rohtak city has witnessed four-fold
growth in its built-up area (from 1640.79 hectares in 1991 to 6686.36 hectares in 2021) in thirty years
of the study. However, the planned and unplanned residential and commercial arrangements have
appeared on all sides throughout the periods. Yet, the city expanded its limits mainly in north, north-
eastern and south-eastern sides along with the major transport routes to New Delhi, Sonipat and
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Panipat. It is primarily a result of government policies and proximity to the capital city.

Introduction

Throughout the evolution of civilization, human society
has been significantly shaped by urban places or cities.
These areas have remained the locations of the major
socio-economic, cultural and diplomatic alterations. For
some past decades, the whole world has witnessed an
extraordinary scale and rate of urbanization. Recently,
cities have been recognised as the habitats of about half
of the world’s populace. However, the complex structure of
the cities and their interactions with the citizens is very
difficult to understand because of several urban phenom-
ena that keep on changing with the constant interaction
with each other or discretely. These vibrant parameters
design for the prospected growth of the urban centres
and control the routine of urbane (Batty, 2005).
Although the urban centres exist over a small proportion
of the earth, yet their escalating and unprovoked growth
warns for an outsized alteration in natural scenery with
severe and irreparable damages to the humans as well as
the environment also (Berling-Wolff & Wu, 2004; Mundia
& Murayama, 2010; Pickett et al,, 2001; Sharma & Kumar,
2017). The rapid population growth and inflexible nature
of the existing landscape are some crucial aspects that lead
to the rapid growth of the urban centres. Often, to cope
with the increasing demands of residents for superior

facilities, the express urbanization meets with a chaotic
evolution of the cities. It also shortens and distorts the
available urban services. The world’s urban population
has increased four times (0.8 billion to 4.2 billion) from
1950 to 2018. If the projections of population growth are
accurate, then 6.7 billion out of total 9.8 billion inhabitants
of the earth will be existing in towns and cities by 2050
(United Nations, 2019). Several factors related to develop-
ment and demography, as well as the conversion of rural
settlements into urban due to physical expansions ofthe
urban boundaries, will work as the fuel for this extensive
growth of urban population throughout the world
Usually, an area’s land use/land cover is determined
by the extent and speed of urbanization. It results from
extensive industrial development and economic activ-
ities that force a city to absorb the population that
reaches there in search of employment and other
urban facilities. This process of accumulation diversifies
the economy and encroachment to the periphery. It
further pressurizes the region for intensive farming
over the offered agricultural lands to fulfil the food
demands of the people. The evaluation of precedent
cities progression plays a significant role in policy
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‘ormulation and assessing expected urbanization trends.
It assists in sustainable development and offers
a spacious platform to understand man-environment
relationship in a natural and socio-cultural atmosphere.
The fast-growing urban population imbalances inland,
foodstuff, water, shelter, and resource allocation. These
social and economic parameters and diverse ecological,
political and long-term demographic positions direct
and control the land utilization of a region. The constant
changes in different land utilization categories to pace
with the urban demands not only impact sustainability
but also bring disastrous loss for the physical landscape,
biodiversity, and the reservoirs throughout the planet.
Measurements of urban growth have been progres-
sively proposed to understand the growth and proper
handling of the problem. The detection and measure-
ments of spatial changes at regular intervals help in
shaping the urban centres in an organized way by assist-
ing the planners in formulating and executing the urban
growth models. In developing countries like India,
urban land use has increased through urbanization,
whereas rural land use has witnessed a decrease in the
area. The implementation of new economic reforms of
the 1990s has also accelerated the pace of Indian urba-
nization by offering more scopes of investment for glo-
bal investors. Rohtak, an important city of Haryana, is
a suitable selection for the present study as it has been
experiencing outstanding growth in development and
urbanization for the last three decades. The research
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starts with some appraisal of the available literature
related to urbanization, shaping urban growth and
land utilization, and its consequences for neighbouring
environs. The hope for a new-fangled expansion of the
city also offers enough space to study the patterns and
trends of urban growth in Rohtak city.

Study area

Rohtak city is one of the most progressive cities of
Haryana, having its location in the core of the state
(figure 1). It is recognized as an educational city due to
various learning institutes and other influential art and
management research centres. The city has proximity
(approximate 66 kms far) to the nation’s capital, Delhi
and one of the important cities of the National Capital
Region (NCR). Apart from the state initiatives, the city
benefits from the regional development plans run by the
National Capital Region Planning Board for balanced
and sustainable progress. Such a proposal of 2021 offers
an opportunity to the contiguous cities like Rohtak to
make the strategy for residential, commercial, and
industrial investment according to its resource’s poten-
tial and provisions. This approach has helped the city’s
emergence as the hub of manufacturing and service
activities and a destination for the job seekers from
adjoining villages, smaller towns, and other states.

This massive migration of the population from
nearby or afar for various interests has shortened the
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_existing public facilities of the city. The land’s demand
for the expanding boundaries has resulted in the altera-
tions of land operations and the region’s biodiversity.

Objectives

* To check the patterns and trends of urban growth
and generated land/land cover changes.

* To present a relative analysis of population growth
and built-up area statistics.

* To identify the determinants or factors operating
behind the urban growth.

Materials and procedures

The study depends on spatial and non-spatial data
composed of diverse sources and different periods.
Landsat satellite data dated March 5, 1991, March
8, 2001, April 5, 2011 and June 3, 2021 is used to
measure the physical enlargement and reshaping of the
city’s natural zoning and land management (Table 1).
The purpose of using temporal satellite data is to iden-
tify the direction and natural growth in Rohtak city. The
supervised classification and maximum likelihood
method generate the land arrangements maps for
1991, 2001, 2011 and 2021. The doubtful areas are
reclassified and corrected using the recode option in
ERDAS, ancillary information, and other historical
shreds of evidence. The five classes, (1) built-up area,
(2) bare/open land, (3) agricultural land, (4) water
bodies and (5) vegetations, are taken to represent the
land use and cover of the city (Table 2). The Erdas and
ArcGIS software is put into practice to complete image
processing and classification, and generation of maps.

The below approach was used to determine the popu-
lation growth rate and the built-up area:

Latestyearvalue — BaseYearvalue

wthRate =
Gty e baseYearvalue

X 100

The predicted /estimated population of the required
time has been intended with the help of the following
method (Swanson & Siegel, 2004):

R n
P=P(1+—
"( +100)

Table 1. Information about satellite data

SUSTAINABLE ENVIRONMENT (%) 3

Where;

P = Population of the selected period;

P, = Population of the

R = Growth rate;

n = time in year in numbers (e.g. 1, 2, 3, ..., n).

The entropy index, proposed by Claude Shannon in
1948 (commonly recited as Shannon’s Entropy Index),
is calculated to identify the form and pattern of urban
growth using the data from different wards. The ward-
wise map received from the Rohtak city Municipal
Office is taken as the base map for evaluating the
urban growth trends from 1991 to 2021. The Entropy
(H,) indicates whether a geographical variable (x;) clus-
ters or diffuses geographically among n zones (Theil,
1967; Thomas, 1981). It is expressed as:

M= gP,-loge (%)

Where pi, stands for the amount of a)variable taking

base  year;

; th o W
place in the " ward/zone | P; = zv'il—x

x; refers to the observed value of the phenomenon in the
i zone

n represents the total number of wards.

log n specifies the maximum entropy value (upper
limit), i.e., equal to log 22 = 1.342

In the entropy model, the value lies in the middle of 0
and log n. The value nearer to zero indicates homoge-
neous urban growth, whereas the distant value from

zero or closer to log n shows the fragmented

Table 2. Classification of land use/ land cover

Sr. No. Class Name Descriptions
1 Built-up Uses for the residential, peripheral rural part,
Area business, manufacturing, services and
construction of means of transportation (Iig
road, railways) or other urban features. .
- Agriculture It includes the area used for the production of
Land foodstuffs and some of the structures linked

with this fabrication.

3 Vegetation The green area is covered by trees and shrubs,
scattered trees in recreational areas, forests,
and green belts.

4 Bare/open Exposed soil, landfill or dumping sites, active
Land mining areas, open space in the developed
area.
5 Water Canal, lakes, drainage, ponds, reservoirs, etc.
Bodies

Sr. No. Satellite 1D Scene ID Acquisition Date Path/Row Spatial Resolution/cell size (m)
1 Landsat 4-5 “TM” LT514704019910305064ISP00 05-03-1991 147/040 30
2 Landsat 7 “ETM+" LE714704020010675GS00 08-03-2001 147/040 30
3 Landsat 7 “ETM+" LE71470402011271PFS00 05-04-2011 147/040 30
4 Landsat 7 "ETM+" LE71470402021154SGI00 03-06-2021 147/040 30
Source: https://www.usgs.gov/. )
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_ Table 3. Growths in population and municipal area of Rohtak City, 1901-2021

Variation in Population

Census Year Urban Status Area in Hectares Persons Absolute Percentage
1901 M&CL. NA 20323 — —
1911 M&CL. NA 20361 38 0.19
1921 M&CL. NA 25240 4879 23.96
1931 M&CL. NA 35235 9995 39.60
1941 M&CL. NA 48148 12,913 36.65
1951 M.C. NA 71902 23,754 4934
1961 M.C. 1166 88,193 16,291 22.66
1971 M.C. 1166 124,755 36,562 41.46
1981 M.C. 2203 166,767 42,012 33.68
1991 M.C. 2838 216,096 49,329 29.58
2001 M. Cl. 2958 294,577 78,481 36.32
201 M. Corp 10,247 374,292 79,715 27.06
2021% M. Corp 13,914 488,842 114,550 27.06

Source: Census of India, 2001 and 2011, MC office, Rohtak.

Note: M & C.L. = Municipality and Civil Lines, M.C. = Municipal Committee, M. Cl. = Municipal Council and M. Corp. = Municipal Corporation, * Means Estimated/

Projected Population and NA = Data not Available.

distribution with heterogeneous land uses over the dis-
crete spatial unit. The changing values of entropy assist
in identifying the dispersion and compactness of urban
growth. The degree of change in urban sprawl may be
determined by comparing entropy values between two
time periods (t1 and £2).

AH, = Hy[t;] — Hu(t)

The relative entropy (H'n) rearranges the entropy values
from 0 to 1 (Yeh & Li, 2001). It is (Thomas, 1981)
computed as.

¢ 1
H = ZP,—log.z (;) /log, (n)
i=1 !
The threshold worth for relative entropy (H'n) is 0.67,
which is the halfway mark for the maximum value of 1.
Therefore, a city with a relative entropy value beyond
0.67 is measured sprawl.

Results

Physical and demographic statistics of Rohtak city

There is no doubt that intensive and speedy urbaniza-
tion illustrates land use/land cover change that can’t
stop but can be managed. It is the most important root
of many environmental, social and ecological nuisances
in and outer parts of the cities. Understanding the
urbanization process is an important task for the city’s
sustainable growth and scheduling and management to
alleviate the unpleasant impacts of such expansion. The
Rohtak city has experienced a significant increase in its
population from 1901 to 2011. In 1901, the population
was 20,323 persons, reaching 25,240 persons in 1921
and 48,148 persons in 1941. During this span, the muni-
cipality and civil lines functioned as the city’s

administration in Rohtak town. Afterward, it was
reformed as Municipal Committee from 1951 to 1991,
Municipal Council in 2001, and Municipal Corporation
in 2011 to date.

The population data has also got triple-fold from
1951 to 1991 and was calculated as 216,096 persons
with an addition of 144,194 persons in the records of
1951. In census 2001, the registered figure of the popu-
lation for the city was 294,577 people. It increased
79,715 persons in the next census and was documented
as 374,292 and 488,842 persons in 2011 and 2021 one-to
-one. This addition is credited to the natural growth,
migration from surrounding rural parts, and inclusion
of eight peripheral villages in the city’s administrative
boundary. The city’s municipal area has also increased
from 1961 to 2011 due to the physical expansion of its
boundaries.

During the census of 1961, the city’s municipal area
was 1166 hectares, which reached 2838 hectares in 1991
with an addition of 1672 hectares. After gaining,the
status of Municipal Corporation on 17 March 2010
wide Notification No. 18/6/2010-3Cl, the city extended
its boundaries and recorded as 10,247 and 13,914 hec-
tares in 2011 and 2021, respectively. All this boosted the
urban expansion along with the addition of adjoining
countrified parts, and presently the city is one of the
fast-growing cities of the Haryana state (Table 3).

Analysis of artificial and natural land
utilizations

The heading stands for assessment of the land use and
land cover of the study area that has witnessed
a significant change. In 1991, the agricultural land
(68.84%) was dominating category among all, followed
by the built-up area (11.79%), open or bare land
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_10.25%), vegetation cover (6.91%) and water bodies
(2.21%). In 2001, the farming land was reduced by
636.21 hectares, but still, it constituted the most signifi-
cant proportion (64.27%) of all land practices. The
developed land and water bodies have increased by
7.23% and 1.43% whereas the vegetative land lost
(3.23%) almost half of its area for the same year
(Table 4 & 5).

Some settlements have appeared across the canal,
while the forest area, in the southwest, is also reduced.
As compared to the previous, in the next census of 2011,
except for the increase of 16.2% and 1.67% in built-up
and vegetation areas, respectively, all categories experi-
enced a significant decline in their actual and propor-
tionate area. In 2021, the fast urban growth augmented
to the built-up land, and in the thirty years, the first
time, it became the prime category (48.05%) with an
area coverage of 6686.36 hectares. The cultivable land
has to pay the cost of urban expansion by losing more
than half (35.03%) of its part from 1991 to 2021.
Though, in this period, the addition of 57.69 and
170.16 hectares in forest and water bodies’ classes,
respectively, is good for the health viewpoint of dwellers
and the city (Table 4). The graphical representation
clearly shows the quantitative change in different land
categories during the studied period (figure 2).

Table 4. Land use and land cover in Rohtak City

SUSTAINABLE ENVIRONMENT (@) 5

The land use/land cover prototype clearly shows that
the city has grown with an express speed that has altered
all ongoing land operations. During this phase (1991-
2021), along with the congestion in the city’s core due to
infill growth, the city has expanded in adjoining subur-
ban and rural areas through the edge and outlying expan-
sion, respectively. In 1991, the urbanized area was
observed in the west of the canal almost compactly.
Here, the Jawaharlal Nehru Canal (JLN) has restricted
its expansion in the east. In 2001, the growth shifted
towards the eastern part that became denser in 2011
and 2021 with the rejections of natural or artificial con-
fines. In 1991, the vegetation area appeared near the canal
that has reduced in the following images. A big patch of
forest cover at the western margin has entirely disap-
peared by 2021 (figure 3)

Table 5 and figure 4 show the loss and gain of the area
under various land operations. The observations reveal
that, except for the agricultural land, all land-use group-
ings have met positive changes (in absolute and percen-
tage) in the previous 30 years. Between 1991 and 2001,
agriculture, vegetation, and bare lands have also experi-
enced to decline of 4.57%, 3.23%, and 0.87% one-to-one.
In the next decade (2001-2011), the built-up area has
observed a substantial increase of 16.2% and 2253.24
hectares in absolute area.

1991 2001 2011 2021
Area (in Area (in Area (in Area (in
Sr. No. Class Name hectares) ‘Area (in %) hectares) Area (in %) hectares) Area (in %) hectares) Area (in %)
1 Built-up area 1640.79 11.79 264717 19.02 4900.41 35.22 6686.36 48.05
2 Agriculture 9579.51 68.84 8943.30 64.27 6974.1 50.12 4704.99 3381
Land
3 Vegetation 961.02 6.91 512.46 3.68 744.84 535 1018.71 732
4 Bare/open land 1426.32 10.25 1304.82 9.38 888.75 6.39 1027.42 7.38
5 Water bodies 307.26 221 507.15 3.64 406.8 292 477.42 343
Total 13,914.90 100 13,914.90 100 13,914.90 100 13,914.90 100
Source: Calculated by authors ; o
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Figure 2. Quantitative changes in land use/land cover of Rohtak City 1991-2021. Sourc /Calculated by authors
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Table 6. Growth rates of population and sprawl in Rohtak city

SUSTAINABLE ENVIRONMENT (@) 7

Year Built-up Area (in Hectares) Growth Rate in Percent Population Growth Rate in Percent
1991 1640.79 _ 216,096 —_

2001 2647.17 61.34 294,577 36.32

2011 4900.41 85.12 374,292 27.06

2021 6686.36 36.44 488,842 27.06

2031* 9564.27 36.44 638,455 27.06

2041* 13,680.89 36.44 833,858 27.06

Source: Census of India, 2001 and 2011. Built-up area computed by authors from satellite images. *Projected Population and built-up area.

Due to the additional merging of space, the vegetative
land has also received the positive change (1.67%), but
agriculture (-14.15%), open space (~2.99%), and water
bodies (-0.72%) have still got the reduction in their
areas in the same decade (figure 4). From 2011 to
2021, the declining land categories (vegetation cover,
open/bare lands, and water bodies) have regained their
areas in any way, but farming space has squeezed more
and more. Built-up Area and Population Growth

Table 6 establishes the relation between population
growths and sprawl in terms of built-up area for around
30 years of 1991 to 2021. In 1991, the city’s built-up area
was extended to 1640.79 hectares, which have reached up
to 2647.17 hectares in 2001 with a growth rate of 61.34%.
In contrast, the increasing pace of population was 36.32%
during the same time with an addition of 78,481 persons in
total population. The maximum increase was observed in
built-up areas from 2001 to 2011 when the city expanded
its limits rapidly, and the built-up area has been considered
as 4900.41 hectares, and escalation speed was 85.12%. After
2011, the growth rate of built-up area and population has
declined, and it recorded 36.44% and 27.06% respectively.

The built-up area for the year 2021 is 6686.36 hectares,
quadruple more than 1991. The populace has also augmen-
ted to 488,842 in 2021, which was 374,292 in 2011 with
a growth rate of 27.06%. The sizable increase in developed
areas of the city between 2001 and 2011 can be attributed to
political interest and the tag of CM city. The administration
provided all required facilities to the area, which helped it in
planned development and edges or peripheral regions. The
predicted estimations explain if the growth rate of built-up
area and population will remain the same, then the city will
encounter 9564.27 and 13,680.89 hectares built-up area to
accommodate the 638,455 and 833,858 persons by 2031 and
2041, respectively. This immense intensification in physical
and demographical aspects directs the city’s administration
to focus on vertical growth rather than horizontal.

Spatial expansion of Rohtak city and Shannon’s
entropy index

Spatial expansion means the geographical extension of
a city beyond the boundaries. It is a unidimensional pro-
cedure where the urban settlements are appraised as the

Table 7. Change in Shannon's entropy values of Rohtak city

Years H, AH, e

1991 1.191 — 0.887
2001 1.247 0.056 0.929
2011 1.301 0.053 0.969
2021 1321 0.021 0.984

Source: Calculated by authors from satellite data

magnet owing to their specific and diversified socio-
economic structures. In the case of Rohtak city, the land-
scape has observed speedy growth as a result of natural as
well as migration-induced growth in the population, the
convenience of educational institutions, availability of
employment opportunities, and other improved public
facilities in its vicinity. This increase in the number of
people compelled the city’s administration to lengthen
the boundary for sustainable management.

The planned and unplanned residential and com-
mercial arrangements have appeared everywhere
throughout the periods, yet the city expanded its limits
mainly towards the north and east by crossing the drai-
nage. Various new wards and unclassified settlements
have appeared in 2011 and 2021 (Figures 3 & 5).

Shannon’s entropy is exercised to quantify the patterns
of urban sprawl. The geophysical variable used in this study
is a ward-wise impervious area, which allows for urban
sprawl assessment. Table 7 represents the calculated
Shannon’s Entropy index for Rohtak city for the different
years (1991, 2001, 2011, and 2021) with the help of built-up

area. The entropy value varies from 0 to log (n). e

closeness of entropy values to log n’ indicates a dispersed
pattern with sprawl, which implies urban growth and
diversified land uses, whereas values closer to 0 show
a compact distribution. In the current situation, log (n) is
1.342, which refers to the entropy index’s upper limit. The
lowest entropy value (1.191) for 1991 reveals the dense
distribution of developed areas. For the next, 2001, 2011,
and 2021 years, the values have been observed as 1.247,
1.301, and 1.321 with an addition of 0.056, 0.053, and 0.021
points, respectively (Table 7).

Discussions

Generally, urban growth is a process that represents
land demand induced by economic growth, natural
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__Dopulation growth, and migration. The expanding bor-
“der ofa city engrosses the modifications in any region’s
material and functional mechanism and speeds up the
conversion of countryside to urban forms (Dahal et al.,
2016; Sharma & Kumar, 2019). Among the several
aspects, the population explosion and poverty-induced
migration from rural to urban are mainly responsible
factors for the fast and chaotic urban expansion world-
wide (Bhat et al., 2017). It becomes challenging for the
urban authorities to manage the demands of urbane for
essential services, and such accidental urbanization
leads to diffusion of the growth at outer reaches. Here,
agricultural land is seen as an accessible resource to
furnish the land demand of urban growth for various
uses. Such encroachment on farming land threatens the
region’s food security.

The experience of Rohtak city regarding urban
growth is somehow similar to any growing city. The
city has witnessed remarkable alterations in all land
use categories throughout the period (Table 4 &5).
The built-up structures have augmented more while
agricultural land directly paid the cost of this growth.
In the earlier study phase, the urbanized area was com-
pact, mainly in the western part. In the east, the exis-
tence of the Jawaharlal Nehru Canal (JLN) has restricted
the city’s growth by 2001. In the further decades,
because of the improved transport links and the ease
of commuting from Rohtak to Delhi, the expansion is
more concentrated in the north-eastern direction, along
Delhi Road, than in the other directions.

The growth in eastern parts has been supported by the
Delhi and Sonipat transport route, industrial model town-
ship (IMT), creation of amusement site (Tilyar Lake) and
establishment of various academic and other organiza-
tions. Whereas, in the south-east, the new emergence of
multi-functional points due to having the proximity ben-
efit of leading medical centre, Post Graduate Institute of
Medical Sciences PGIMS (named after the first chief min-
ister of Haryana, Pandit Bhagwat Dayal Sharma) and the
planned residential opening have stayed behind the
growth. In the west, the founding of small-scale manufac-
turing units has offered the scope for developing the resi-
dences in the surroundings, yet the progress is restricted by
Drain No-8 on this side (figure 3). The merging of neigh-
bouring villages, namely Kutana, Sunaria, Garhi Bohar,
Bohar, Kheri Sadh, Kanheli, Pahrawar and Singhpura, has
also been a major cause behind the massive presence of
developed and dispersed areas in the city in recent years. It
led to maximum accidental expansion in the form of illegal
colonies or formal settlements generally originated along
with transport network, planned residential and commer-
cial development by Haryana Urban Development
Authority (HUDA) and other private builders. Some

construction is certified by the administration in
a planned and sustainable manner (figure 3). Many pulling
factors like the establishment of state and national level
educational and medical institutions (Maharshi Dayanand
University, Baba Mast Nath University, State Hotel and
Management Institute, All India Jat Heroes Memorial
College, Gaur Brahman Educational institutes, Vaish and
Saini Educational Institutes) and other important centres
(State Institute of Film and Television, State University of
Performing and Visual Arts) have also played a significant
role in spreading the city outside to its margin. The new
industrial set-up (Asian Paints industry, Sabar Dairy,
High-tech  Plastic limited, Footwear Design and
Development Institute, Hindustan Herbal Limited, Amar
Ujala Publication Limited, Enrich Agro Food Production,
Advices North India Private Limited Company) in
Industrial Model Township has also amplified the growth.

While discussing the Shannon entropy (as a measure
of urban sprawl and degree of spatial urban growth), it is
found that the values are closer to log n’ (1.342) that
points to the dispersed or fragmented development of
the built-up area in the city. It is found that in 1991
core part (wards 3, 6, 13, 14, 15, 16, and 19) of the city
was compact that became denser for the successive stu-
died periods, mainly in 2011 and 2021, with the inclusion
of more wards. The sprawl has started slowly in 2001 and
reached a peak in 2021. The highest dispersion is traced in
2021 as the entropy value is highest for this period as
compared to other three periods. During this period,
along with the centre part (wards 4, 5, 6, 16, and 18),
the developed area has further condensed in the periphery
(wards 1, 8, 9, 10, 11, 20, and 21) also (figure 5). The trend
indicates that the bare/open space within the city is con-
tinuously disappearing by infill growth. Getting closer to
the city’s outskirts, the edge and outlying development
have appeared all-round, especially in the north and ast
of the city. This fact clears that the city’s neighbourhood is'
contributing more to the fragmented growth and is
a symbol of urban sprawl.

Conclusion

The urban growth compels to walk on two blades sword
through affirmative and unconstructive impacts for the
concerned structure worldwide. Rohtak city, also regarded
as Haryana’s educational hub and important city of the
National Capital Region, faces the inevitable consequences
of urban growth. The built-up area’s spatial pattern
changes from centre to the periphery, with more altera-
tions visible in the south-eastern direction. This is also
attributed to Delhi’s territorial expansion and the imple-
mentation of the Delhi NCR plan, which encompasses the
Rohtak region. The city has witnessed fourfold growth in
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Figure 5. Spatial expansion of Rohtak city (1991-2021). Source:

its built-up area for thirty years, and significant expansion
has traced in north, north-east, and south-east, as per
different growth patterns. The steady growth in contiguous
development around the central part and considerable
progress in the circumference are observed in the analysis:
This intensification has ensued in substantial modifica-
tions in land use and the land cover of the city. The
agricultural land has made the highest adjustment nega-
tively, and it lost 4874.52 hectares of its productive area by
the end of the studied period.

Moreover, the bare/open land has also missed its sig-
nificant area of 398.9 hectares from 1991 to 2021. The
calculated entropy value for the city’s built-up area,
which was 1.191 in 1991, and reached 1.321 in 2021,
demonstrates that development is considerably scattered.
The unsystematic and impulsive expansion has resulted in
the abbreviation of the available urban infrastructure and
forces the city to compromise with its qualitative aspects
and augments to the emergence of slums and illegal struc-
tures, increase in crime incidences, jamming in peak hours,
pollution, etc. Such negotiations threaten the sustainability,
environmental and social cohesion of any urban area.
Major changes are more noticeable on the outskirts than
in the centre. The city’s horizontal growth is far faster than
its population growth, so the government should watch its
extension to ensure good land management in a specific
category. The study suggests that mass employment would
be feasible with the generated economic momentum in
Rohtak city, meeting the migrators’ needs from the

" Built-up area

Based on satellite data

periphery and relieving the burden of the capital city,
New Delhi. Overall, the city has advanced a lot, yet its
potential as a part of the national capital region (NCR) is
remained to tap completely. So, the administration should
adopt painstaking measures to achieve the enduring that is
wished to be environmentally safe and excellent regarding
urban services.
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