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Abstract: Thispaper seeksto examinethe effect of urbanization
on changesin land usein the peri-urban areas of Varanasi city in
India. The area of study isdivided into six different classes of land
use: built-up area, agriculture, vegetation, water bodies, sand and
other land use. Using the maximum likelihood technique, Landsat
5 TM satellite data were used to identify land use and land cover
changes from 1996 to 2017. The findings indicate a substantial
increase in the built-up area, associated with reduced water and
other land use cover. The urban sprawl is observed in almost all
directions from the city boundaries, and along highways.
Shannon’s entropy analysis reveals dispersed distribution of
built-up area. The approach based on GIS and remote sensing
data, together with statistical analysis, has proved instrumental in
the analysis of urban expansion. It also helps to identify priority
areasthat require adequate planning for sustainable development.
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I. INTRODUCTION

Urbanization is occurring rapidly across the globe. This
has led to complex and uncoordinated urban, and peri-urban
physical growth, which has impacted land use as well asland
cover. Thisrapid growth has a substantial socioeconomic and
environmental impact. It is altering the terrestria
environment with huge magnitude at an unprecedented rate.
Rising population and unplanned development of cities
forces change in land use, which negatively affects water
bodies, and peri-urban agricultural land [1]. The situation
requires monitoring of urban and peri-urban landscape, with
a focus on sustainable development, for proper land use
planning.

The extent of urbanization, or sprawl, is characterized by
low-density, haphazard devel opment spreading radially from
the urban centre, or linearly along highways. Researchers
have been trying to analyze the effect of sprawl on land use/
land use in recent years [2]-[5]. It has been proposed that the
sprawl contributes to a shift in land use, with a rise in the
proportion of built-up area [6]. This adversely impacts
peri-urban environment. Increased ar pollution, water
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pollution, shortage of agricultural land are some of the major
problem associated with sprawl.

The development of peri-urban areas along transportation
routes promotes socio-economic activities like establishment
of motels, colleges, malls, and small industries. Further, it
facilitates business and industrial activities. These
opportunities serve as a pull factor for migrants. The
migration takes place from rural to urban area, mainly for job
and schooling. The United Nations World Urbanization
Prospects 2018 highlights that China and India are the home
of 30% of the total urban population of the world [7]. 34.5
percent of the Indian population is estimated to live in urban
areas. India, China, and Nigeria are expected to contribute to
the world’s urban population growth of 35 percent between
2018 to 2050. Indiawill contribute the most with 41.6 crores
(416 million) urban dwellers. It is expected that Indian urban
population will reach 50% by 2046. At the same time, the
rural population of the country will decline by 11.1 crores
(111 million). This implies that a study on the dynamics of
urban sprawl in the Indian context, through land use and land
cover changes, isrequired.

Recent studies have shown that remote sensing imageries
are used to examine urban sprawl. [8]-[11]. These methods
help to track spatial and temporal shifts in urban land use.
With remote sensing and GIS data, statistical techniques are
used to measure and estimate urban sprawl [12]. Entropy isa
robust statistical method for assessing sprawl size.

This research aims to examine the dynamics of urban
sprawl in Varanasi city. The study tries to analyze the extent
of sprawl with change in the population and land use. The
changes in urban land-use have been monitored over the last
two decades viasatellite imagery. The extent of sprawl isalso
statistically computed using Shannon’s entropy.

[I. METHODOLOGY

With land-use transition and sprawl trends, the nature of
urban sprawl could be understood. Gl S-based layer such as
city boundary map is created from the census of India
handbook 2011 [13]. A buffer region of 9 km taken from city
municipal boundary which acts as a limit of the study area.
The buffer is created by ArcGIS 10.1 for detailed field
investigation. The Landsat satellite imageries are used to
study urban sprawl dynamics. Landsat 5 TM for 1996 and
2017 with 142 path and 42 rows, as well as 142 path and 43
rows were downloaded from United State Geological Survey
(USGS) earth explorer [14].
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Maximum likelihood classification is applied to Landsat
images. The study area is divided into six land-use
categories; built-up area, vegetation, agriculture, waterbody,
sand, and other land use. ESRI ArcGIS 10.1 with the Spatial
Analyst extension is used in this study. In order to handle
supervised maximum likelihood classification, fifty training
samples of each category of land use were taken. The built-up
area category represents buildings, residential area,
commercia area, roads, highways, parking lots. The other
land-use area consists of barren land, open spaces, falow
land. The vegetational area represents vegetational patches.
The flow chart of the land-use and urban sprawl detection
methodology is shown in Fig. 1.
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Fig. 1.Flowchart of methodology
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I11. MEASUREMENT OF THE URBAN SPRAWL

Entropy is one of the most commonly used methods to
assess the degree of urban sprawl by remote sensing and GIS
[11]. Shannon’s entropy [15] is used in this anaysis to
calculate the extent of urban sprawl. It is calculated as,

Hn :_ZpilogeR (1)
i=1

where, P is the proportion of land-use class in the ith zone
and nrepresentsthetotal number of zones. The entropy hasa
minimum value of 0 and a maximum value of log, n. A very

compact distribution of built-up area is indicated by values
closer to zero, whereas, vaues closer to log,n signify

dispersed distribution.

IV. STUDY AREA

Varanasi city isconsidered for the study area. It isamongst
the oldest living cities in the world. It is situated in Uttar
Pradesh's eastern region. According to the census of India
(2011) [13], the district was populated by 36,76,841 peoples
of which 17,54,984 were females, and 19,21,857 were males.
The total percentage share of the urban population in the
district is 43.4%, against the state average of 22.3%. The
study area is located between the parallels of 25°15'-25°34/
north latitude and 82°50’-83°15" east longitude (Fig. 2). The
city encompasses atotal areaof 1,535.00 sq. km.
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V. RESULT AND DISCUSSION

A. Population Growth

Varanas is the 18" most populous district in the state. It
stands second, in the state, for population density with 2395
persons per sg. km, and stand seventh in terms of the urban
population. The district population increased by 17.15% to
36.77 lakhs in 2011 from 31.39 lakhs in 2001, according to
census of India (2011). Fig. 3 shows population and decadal
population growth in Varanasi from 1971 till 2011 [16]. Fig.
4 presents the population growth rate of Varanasi from 1971
till 2011. The district consists of 39 urban centers. Of the 39
urban centers, 3 urban centers make up 80% of the total urban
district population. The city had a population of 11.98 lakhs,
according to Census 2011. The population of Varanas city
accountsfor 3.6 percent of the state's urban population and 75
percent of the district's urban population. It is followed by
Ramnagar, and Lohta at 3%, and 2%, respectively. These
percentages point towards the dominant presence of Varanasi
city inthe district [17].

B. Urban Sprawl of Varanas City

The increasing population, coupled with rapid
urbanization, causes continuous change at the center of the
city. The city's expansion is a complex problem.
Urbanization rate and scale aso drive a shift in pattern of
land use.

Such changes in urban periphery or urban sprawl are
characterized by arbitrary and uncoordinated growth with
negative effects on vegetation, agriculture land, and water

bodies.
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Fig. 2.The study area: Varanasi.
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Population growth trend of Varanasi city
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Fig. 3.The population growth trend for Varanas.
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Fig. 4.Population growth rate of Varanasi over last four
decades.

The sprawl generally extends in radial, and linear direction
along city centers, and highways, respectively [1].

Varanasi city and surrounding urban landscape dynamics
for the years 1996 and 2017 have been evaluated using
topographic maps, tempora remote sensing, and GIS.
Gl S-based layer such as city boundary map is created from
the census of India handbook 2011. The urban sprawl spatial
patterns resulting from the study of 30 m resolution data from
Landsat 5 TM for the year 1996, 2017 are shown in Fogs. 5
and 6. Fig. 7 presents a map showing urban sprawl of 2017,
superimposed on urban sprawl of 1996, for Varanasi city.
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Fig. 5.Urban sprawl of Varanas city in 1996.
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Fig. 6.Urban sprawl of Varanasi city in 2017.

The entropy value is calculated for two periods, i.e., 1996
and 2017.

The entropy value of 1996 is 1.025, and the entropy value
for 2017 is 1.044 (Fig. 8). Shannon's entropy's upper limit is
1.098. The higher entropy value, close to the upper limit,
indicates sprawl incidence with a dispersed built-up region
distribution.
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Fig. 7.Built-up area changes from 1996 to 2017.
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Fig. 8.Measurement of urban sprawl! of Varanasi city

C. Urban Land use of Varanas City: 1996-2017

Land use and land cover are two different words that are
often used interchangeably. Land use is characterized as
human land use with the purpose of obtaining goods and
benefits through the use of land resources. Whereas land
cover corresponds to the physical traits of the earth's surface,
including the composition of vegetation, water, soil, exposed
rocks, and agriculture [18].
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Fig. 9.Land use pattern for Varanasi city in 1996.
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Fig. 10. Land usepattern for Varanasi city in 2017.

The geographical distribution of land use in an urban areais
of most crucial attention to the geographer and city planner.
While studying the peri-urban area of Varanas city, the
whole area was divided into six categories: built-up area,
vegetation, agriculture area, water bodies, sand and other
land use.

The other land use category consists of barren land, fallow
land, and quarries. Figs. 9 and 10 represent land-use under
different classesin Varanasi city for the year 1996, and 2017,
respectively. Table 1 triesto capture the dynamics of land use
in Varanasi city from 1996 to 2017.

= Built-up: Thereisatremendous change in the built-up area
from 1996 to 2017. The built-up area of Varanasi city was
110.74 sg. kmin 1996, and it increases up to 256.14 sg. kmin
2017 at 131.28%. The total built-up area saw an increase of
145.4 sq. km (Fig. 11). According to Fig. 9, the built-up area
was observed in the central part of the Varanasi city, denoted
by urban in theindex. According to Fig. 10, the built-up area
has increased in the north, west, and northeast. The
development of industries, road network growth, and
urbanization and residential colonies are the significant
factors of this random and haphazard development of the
built-up area. The built-up areaa so developed along theriver
Ganga and Varuna. The national highway 7, and G.T. road
also show dense built-up area due to strong connectivity
between Varanasi city and Mughalsarai railway station. This
area is covered by residential, industrial and educational
places, and road network.
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Growth of built-up area of Varanasi city
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Fig. 11. Expansion of the built-up area (in sq. km).
Compared to 1996, the built-up areacovered nearly the entire
region in 2017, where built-up cover was mostly around
Banaras Hindu University, Cantonment, and Diesel
Locomotive Works region. Fig. 10 depicts that the southwest
part of the Mirzapur is having a dense patch of built-up area.
The southern portion of the study area is a host of nationa
highway 2, Marwahdih road and national highway 7. These
roads are the main reason for built-up area development in
the peri-urban area. The west and southwest region of the city
show a significant increase in the built-up area. The reasons
are the presence of Lohta weaving industry, Chandpur
industrial area, Diesel Locomotives Works and Banaras
Hindu University. The tremendous growth of the built-up
area during 1996-2017 reciprocates the pace of development
in the peri-urban area of Varanasi city.
= Vegetation: According to Table 1, the land under
vegetation was 153.011 sg. km in 1996, whereas, it was
152.0316 sg. km in 2017. Thus, as compared to 1996,
vegetation in 2017 has negligible decline by -0.9794 sg. km
(-0.64%). The northwest portion of the study area shows a
reduction in the vegetational areain 2017 (Fig. 10). However,
there is an increase in vegetation in the southeast area of the
city. The vegetational areain the northwest areawas taken up
by built-up and agricultural region. Also, in 1996 patches of
vegetation are present adjacent to river Ganga and Varuna
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(Fig. 9), but as seen in Fig. 10, these patches of vegetation
have diminished with the time. However, the net vegetation
area remains unchanged during 1996-2017, as the garden
around the agricultural, residential, and industrial area are
included in vegetation.

= Agriculture: Agricultural land use has dightly increased
by 6.8148 sg. km. It jumped up from 223.263 sg. km in 1996
t0 230.0778 sq. kmin 2017. Fig. 10 showsthat in 2017, parts
of north, northwest, northeast, along with the southern region
of the study area has denser agricultural land in comparison
to 1996 (Fig. 9). Paddy cultivation has led to an increase in
agricultural land use in these areas. However, in 2017, the
southeast part of the study area shows a reduction in the
agricultural areain comparison to 1996. In 1996, the northern
part of river Varunaand eastern part of river Ganga had dense
agricultural land. However, in 2017, there is barely any
agricultural land in the upper region of the Varunariver. The
agricultural land in the eastern region of the Gangariver has
also reduced. Built-up area has taken the place of agriculture
land in these regions.

= Waterbody: As presented in Table 1, the area under water
bodies was 22.86 sq. km in 1996. The area under water
bodies is 17.65 sg. km in 2017. The area covered by water
bodies has drastically reduced by 22.78%. The increasing
population and built-up areawith reducing resources of water
pose a severe challenge to sustainable development. Ganga
river and Varunariver shrinks due to pollution, siltation, and
over-extraction of river water.

= Other Land Use: Table 1 shows that land use under other
categories was 247.366 sg. km, and 101.097 sg. km, in 1996,
2017, respectively. Thetotal reduction in the areais 146.269
sg. km. The depletion of other land use in 2017 was mainly
observed in the north and northwest part (Fig. 10).

Table- |: Peri-urban area of Varanasi city: Land use detection from 1997-2017

L and use tvoe Area 1996 (in sq. Area 1996 Area 2017 (in 9. Area 2017 Absolute change (in sg. % Growth rate
P km) (%) km) (%) km) (1996-2017)
Built-up 110.745 14.62 256.1400 3383 145.39 131.28
Othﬁ;'amd 247.366 3267 101.097 1335 -146.26 -50.13
Vegetation 153,011 2021 152.0316 20.08 09794 -0.64
Agriculture 223.263 20.49 230.0778 30.39 6.8148 3.05
Waterbody 22.8609 301 17.6527 2.35 52082 22,78
Total 757 100 757 100

The spatio-temporal maps highlight that other land use was
converted into the built-up and agricultural region. Only
southeast region of the study area comes under wasteland.
Some patches of other land use are observed near the Ganga
river. Fig. 12 shows the area under different categories in
1996 and 2017 with growth rate.
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Land use under different categories:
1996 - 2017
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Fig. 12. Land useareaunder different categoriesand
their growth ratein Varanas city change since 1996.
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VI. CONCLUSION

This paper analyzes the dynamics of Varanasi city's urban
sprawl by means of remote sensing imaging and GIS. The
district's population increased from 31.39 lakhs in 2001 to
36.77 lakhsin 2011, resulting in land use changes. Maximum
impact is observed in the built-up area. It encompassed
110.74 sg. km in 1996, but measures 256.14 sq. kmin 2017,
with a growth rate of 131.28%. The urban area shows
dispersed growth in al the directions. The main reasons for
this random and haphazard growth are the establishment of
industries, road network expansion, and an increase in
residential colonies. There is not much change in the area of
agricultural and vegetational land. However, the locations of
these lands have changed across the city. Water sources and
land under other categories are drastically reduced asthey are
transformed into the built-up area and agricultural region in
the outskirts of Varanasi city. Ganga river and Varunariver
shrinks dueto pollution, siltation, and over-extraction of river
water. Calculated Shannon’s entropy for built-up areareveals
that the growth is significantly decentralized as the value of
entropy for 2017 is high at 1.04. This shows that Varanas
city’s urban growth is quite high and requires proper
management in order to attain sustainable development. In
analyzing the dynamics of urban and peri-urban landscapes,
the study also demonstrates the potential of statistical
analysis with satellite imaging.
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