
INTRODUCTION

Urban Sprawling is commonly known as the

haphazard way of urban development. It refers to physical

growth of urban areas as a result of rural migration. Urban

sprawl is cause in part by the need to accommodate a

rising urban population; however, in many metropolitan

areas it results from a desire for increased living space

and other residential amenities. Urban sprawl has been

correlated with increased energy use, pollution, and traffic

congestion and a decline in community distinctiveness

and cohesiveness.

Asansol city has been experiencing a high rate of

population growth since its inception. The city has rich

mineral resource-base, a committed and large work force,

moderately high per capita income, a good number of

educational establishments, good connectivity, a manifest

industrial identity, several of housing complexes and a

vast land suitable for versatile industrial ventures,

institutions, transport and commerce which increase the

concentration of economic activities and at the same time

set to transform the rural area to the transitional urban

area and finally to the dynamic urban region.
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ABSTRACT

The process of land use change and urban sprawl has been considered as a prominent characteristic of urban

development. This study aims to investigate urban growth process in Asansol city, West Bengal, focusing on urban

sprawl and land use change during 2000–2015. To calculate urban sprawl and land use changes, satellite images are

utilized in different time spans. The results demonstrate that urban region area has changed from 35.70 to 86.58 sq.km.

between 2000 and 2015. Considering the speed of urban sprawl growth rate, the scale and the role of the city have

changed from medium and regional to large scale and transregional. Due to natural and structural limitations, more than

80% of barren lands, and agricultural lands are occupied by built-up areas. Our results revealed that the irregular

expansion of Asansol city must be controlled so that sustainable development could be achieved.
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Review of literature:

A review of important studies which utilized the

satellite images in landuse classification for urban related

applications was attempted and presented in this section.

Sudhira et al. (2004) used satellite image from LISS-

3 sensor of Indian remote sensing satellite (IRS) having

spatial resolution of 23.5 m to prepare the landuse map

through supervised classification. The landuse map was

used to study the urban sprawl along the highway

connecting Mangalore and Udupi in Karnataka.

Jat et al. (2008) used images from various sensors

like Landsat MSS (79m. resolution), TM, ETM+ and IRS

LISS 3 for preparation of maps depicting landuse across

various years and used it to study the urban growth and

sprawl pattern of Ajmer city in Rajasthan.

Guzelmansur and Kilic (2010) studied the urban

landuse changes using the satellite images from Landsat

MSS, TM and ETM+ through image classification

method.

Basawaraja et al. (2011) studied the temporal

changes in landuse pattern using IRS LISS-3 satellite

images of Raichur city in Karnataka.

Rahman et al. (2011) used IRS LISS-3 satellite
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image of 2005 to prepare the landuse map through

supervised classification technique. The authors

mentioned that due to the high cost of very high resolution

satellite images such as Worldview-2 having a spatial

resolution of 0.46 m with eight spectral bands, it is not

possible to purchase and use it even though it has wide

variety of applications in the field of urban planning.

Feng and Li (2012) analyzed the urban sprawl

pattern of Nanjing, China using the landuse maps obtained

from Landsat MSS and TM images.

Moghadam and Helbich (2013) studied the past

urban landuse changes in Mumbai city with the help of

landuse maps prepared using the satellite data (Landsat

MSS, TM, and ETM+) obtained from GLCF. In all the

above studies reviewed above, it was found that the

authors have used satellite images from sensors such as

Landsat MSS, TM, ETM+ and IRC LISS-3 to prepare

the landuse maps of different years for urban applications.

In most of the studies, the images were downloaded from

GLCF. Even though GLCF provides satellite data at free

of cost, it has certain limitations. The images provided by

GLCF are of medium resolution only with pixel size

ranging between 30m and 80m. Since it may not be

possible to visually see the individual buildings, roads, etc.

with this spatial resolution, the landuse maps can be

prepared only through automated image classification

methods such as supervised or unsupervised

classification techniques, which will never yield 100%

accurate results. Another limitation with GLCF is that it

may not be possible to obtain a latest satellite data or the

image for the current year. In GLCF, one can get satellite

images only upto 2010 or before. The solution to

overcome the above limitations with GLCF is to purchase

the latest high resolution satellite imagery having spatial

resolution less than or equal to 1m. The Indian remote

sensing satellite having such high resolution is Cartosat-

2 and US based satellites like Worldview-2, Quickbird

and IKONOS also offers images with high spatial and

spectral resolution.

As pointed out by Rahman et al. (2011), it is very

expensive to purchase such high resolution images even

though they could be used for wide variety of urban

related applications. The present study tries to propose

an alternative solution for the above said problems, by

utilizing free Google earth images for landuse map

preparation as one can able to clearly see individual

buildings, roads, water bodies, etc. in Google earth image.

The advantage of using Google earth is that it provides

the latest satellite imagery having spatial resolution less

than 1m. In recent years, most popular image processing

and GIS softwares like ERDAS IMAGINE, ENVI,

ArcGIS, etc. have provided tools to visualize and import

Google earth images. Another advantage of Google earth

is that it provides images taken at different time periods

which will be very useful for urban planners to perform

landuse change detection studies. The only limitation of

Google earth is that it may not be possible to obtain the

original multispectral band data and hence image

classification using unsupervised or supervised techniques

cannot be carried out. However, as the spatial resolution

is very high, it is possible to visually see on the image,

buildings, roads, water bodies, etc. and on-screen digitizing

in GIS can easily be performed to prepare the landuse

map.

In the present study, an attempt has been made to

show a clear methodology on how to perform importing

of the Google Earth image to GIS software, mosaicing

of many tiles to single image, clipping to the required

area and onscreen digitizing. Urban change detection

analysis using Google earth images taken at different time

periods is also taken into consideration.

Objectives:

This paper aims to fulfill the following objectives:

– To estimate the physical growth of the city using

different temporal satellite data.

– to analyze the changing scenario of Land use

Land cover pattern of the study area.

Study area:

“Asan” a species of tree which generally grows

thirty meters tall, is found on the banks of Damodar River.

“Sol” on the other hand refers to land. The name “Asansol”

is a combination of these two words “Asan” and “Sol”.

Asansol is a city on the banks of Damodar and its land is

rich in minerals. Asansol is situated on the banks of the

river Damodar between 23035/ to 23050/ North latitude

and 86050/ to 87050/ East longitude with an elevation of

97 m .

Physical characteristics of the study area:

Climate:

Climatically the area is sub-humid and tropical which

have three seasons that is summer, rainy and winter in

succession. The annual rain-fall is 1206 mm and main

annual temperature is around 25.40 C. The maximum
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temperature often goes over 400C in summer (May-June)

and minimum temperature below down 100C. During May

and June, the area is subjected to cyclonic storms locally

called Kalbaisakhi.

Geology:

Asansol coal belt has been deposited in the

Gondwana period. Different depositional strata, coal

thickness, quality of coal have been occurred by different

geological formation. In this area belongs to the Damudar

Valley coal fields, in the Gondwana system. It comprises

sedimentary rock formations excepting the recent and

sub-recent alluvial and lateritic deposits. These sediments

belong to the Lower Gondwana. This sedimentary

succession is complicated by the presence of crystalline

metamorphic and intrusive rocks. They are present with

two phases of igneous activity resulting in the intrusion

of the numerous mica perodotite and dolerite dykes and

sills, which intersect the Lower Gondwana sediments.

Topography:

The area is characterized by very gently undulating

plain surface with an average height of ground level daring

between 70 to 160 meters from mean sea level. The

relative relief of the area ranges from 2 meters from

more than 80 meters. The area is gently sloping down

towards east and south east.

Soil:

Soil condition is very poor due to climate, mining

activity, geology and natural phenomena. This region

belongs to sub-tropical climate. The whole area consists

of barren, rocky and rolling country with literate soil due

to huge leaching. Gritty soil blended with rock fragments

has been formed from the weathering of pegmatite, quartz

veins and conglomeratic sandstones. The soil is of reddish

color, medium to course in texture, acidic in reaction, low

in nitrogen, calcium, phosphate and other plant nutrients.

Water holding capacity of this soil increases with depth

as well as with the increase of clay particles. Although

the soil is generally not fit for cultivation, paddy can be

grown in the areas which become waterlogged during

the monsoons. The soil generally supports plantation with

necessary additives and care (Ref: Public Hearing

Document on EIA and EMP, ECL, 2010).

Data used:

The following data are required for this study.

Satellite data:

Here, Landsat TM, and ETM+ are used to fulfill

this work and the using data was collected from USGS

web site.

Landsat 5 TM imagery from band 1 to 5 &7 on

2000,2005 and 2010. Resolution 30 meter.

Landsat 7 ETM+ imagery from band 1 to 5 and 7

on 2015. Resolution 30 meter.

Google Earth image.

Fig. 1 : Location Map of the study area

Table 1 : Details of the satellite data used in this study 

Data Use Year Source 

LANDSAT 5 2000, 2005 and 2010 GLOVIS 

LANDSAT 7 2015 GLOVIS 

Google Earth image 2018 Google Earth 

 

Collateral data:

Survey of India Topographical sheets on 1:50000 of

my study area. Sheets No: F45D1, F45D2, F45C13,

F45C14

Population data (Census of India).

Asansol city map (Asansol Municipal Corporation)

Softwares used:

Arc GIS 10.2.

ERDAS IMAGINE 14.0

URBAN SPRAWL & CHANGE DETECTION ANALYSIS IN ASANSOL CITY
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Google Earth.

Others: MS-Office-2010(MS-word,MS-Excel) for

documentation and calculation.

METHODOLOGY

Image Preprocessing:

As discussed earlier, all images were obtained from

GLOVIS. All images were already rectified and projection

system (WGS 84/UTM 45) seam. So, they did not require

any further rectification. After the 2000 image was

resample to 30 x 30 m spatial resolution to correspond to

the other three images. Being that the images were of

larger area than just the study area, the next step was

subset out the needed area. The method to subset the

study area out of the image is to take the municipal

boundary layer and convert it to an area of interest (AOI)

and then subset out the study area. So, new image is just

of Asansol municipal boundary.

Classification of images:

The pre-processed images are then classified by

un-supervised methods. In un-supervised classification

method the ISODATA clustering algorithm which is built

in the ERDAS Imagine will classify according the number

of classes required and the digital number of the pixels

available. The un-supervised classified image has been

used for reference and for understanding about the

distribution of pixels with different digital numbers. Six

land cover classes namely built-up area, agricultural land,

water bodies, industrial zone, vegetation and others

identified in the study area.

Land use/Land cover images and chanage

detection:

 The classified images obtained after preprocessing

and unsupervised classification which are showing the

land use and land cover of the Asansol city are given in

the following figures, Fig. 5, 6, 7 and 8. These images

provide the information about the land use pattern of the

Table 2 : Characteristics of the Landsat-5 TM and Landsat-7 ETM+ 

Sensors Spectral bands Spatial resolution Spectral region Time of acquisition 

Band 1: 0.45-0.52µm 30M Blue 

Band 2: 0.53-0.60µm 30M Green 

Band 3: 0.63-0.69µm 30M Red 

Band 4: 0.75-0.90µm 30M NIR 

Band 5: 1.55-1.75µm 30M SWIR 

Band 6: 1.04-12.5µm 120M TIR 

Landsat 5- TM 

Band 7: 2.09-2.35µm 30M SWIR 

29.09.2000, 

15.02.2005 

and 

02.04.2010 

Band 1: 0.45-0.52µm 

Band 2: 0.53-0.60µm 

30M 

30M 

Blue 

Green 

Band 3: 0.63-0.69µm 30M Red 

Band 4: 0.75-0.90µm 30M NIR 

Band 5: 1.55-1.75µm 30M SWIR 

Band 6: 1.04-12.5µm 60M TIR 

Band 7: 2.09-2.35µm 30M SWIR 

Landsat7 – ETM+ 

Band 8: 0.52-0.90µm 15M Panchromatic 

 

07.03.2015 

 

Fig. 2 : Methodological Flow chart

Data Acquistion
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Fig. 3 : Landuse landcover map (2000, 2005, 2010 and 2015)
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study area. The red colour represents the urban built-up

area, dark green colour shows the vegetation area, blue

colour shows the water bodies yellow colour shows the

agriculture land and light pink colour shows the industrial

zone and brown colour shows others land.

The LULC maps of four different periods show that

the study area has experienced a remarkable land cover

change between 2000 and 2015. From 2000 to 2015 the

growth of urban, i.e., built-up, areas were more than

three-fold, i.e., an increase of about 41.49 sqkm. This

transformation influenced several classes, especially the

agriculture and vegetation land, which decreased by about

52.45 sqkm (28%) and 41.16 sqkm (22%), respectively.

Change detection analysis:

Change detection analyses describes and quantify

differences between images of the same scene at

different times. The classified images of the four dates

can be used to calculate the area of different land cover

and observe the changes that are taking place in the span

of data. This analysis is very much helpful to identify

various changes occurring in different classes of land

use like increase in urban built-up area or decrease in

vegetation and so on.

RESULTS AND DISCUSSION

To estimate land use changes and urban expansion

trends satellite image of 2000, 2005, 2010 and 2015 were

utilized as main data. The procedure of land use changes

in urban region of Asansol during four time sprawl is

shown in Table 3. Analyzing satellite image of 2000

demonstrates that built-up area and industrial areas were

35.7 sqkm. As illustrated in Fig. 9, physical growth and

development of Asansol city basically occurred in the

proximity of primary core of the city (its location is

northwestern and northeastern part of the city) and

expanded toward different directions later. This process

of urban growth has changed considerably during the

time. In Figure 9 it is evident that urban region in 2005

had mostly expanded toward west, and Southeast and

the area of the city had become 42.29 sqkm. The same

trend was followed and urban region of Asansol city. In

2010, there is a all directional expansion occurs. In fig. 9

we get a idea about urban expansion of asansol city that

the core area is also expand due to urbanization with the

expansion of peripheral area which has build up area

and industrial area with 68.64 sqkm. Further we get a

information in 2015 review that the core area is not very

much expand like the peripheral area. We also see that

toward south direction there is a linear expansion from

urban area to core. It also noticeable that many fallow

and agricultural land is use for urban settlement which

are totally new settlement in nature.

The progress of industry (refinery, factories, and

harbors) has provided more job opportunities. So because

of proximity of industrial and commercial zones to urban

regions, migration rate to Asansol has drastically increased

in recent years. Statistics confirm this situation in different

time intervals. There was no supervision or plan

concerning settlement of migrants so marginalization

increased in Asansol city. Migrants tend to settle in fringing

areas as they do not earn enough money to afford

settlement in urban lands and developed regions. Irregular

expansion and unauthorized manipulation in rural areas

are consequences of this phenomenon. Moreover, less

developed regions lack environmental, economic, social,

structural, and accessibility infrastructures which make

settlement and security providing procedures much more

difficult.

One of the most interesting characteristics of urban

expansion in Asansol is that some rural areas were

Fig. 4 : Change of land use from 2000 to2005, 2005 to

2010, 2010 to 2015

Table 3 : Area of Build-up area  and industrial zone in 

Asansol (2000-2015) 

Year Build-up area(KM²) Industrial zone (KM²) 

2000 25.25 10.45 

2005 29.78 12.51 

2010 49.07 19.57 

2015 66.74 20.84 
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attached to urban region. As the city was developing and

lands were being occupied by urban construction and

highway networks were established, the rural areas were

attached to Asansol and today they are part of the city.

Expansion of urban regions toward core of city and

northwest was resulted from construction of new

infrastructures and new residential complexes. Among

factors which have caused development of new

settlements, development of access routes and proper

urban infrastructures might be mentioned. The mentioned

factors have led new migrants to tend to settle in new

districts.

Conclusion:

Urban sprawl plays a significant role in positive and

negative development of urban societies and land use

changes. In this study, process of land use change of

Asansol city during 2000–2015 is investigated and

analyzed.

Asansol city has experienced lots of changes

regarding shape and urban form. Different political,

economic, social, and environmental factors have affected

Fig. 5 : Trends of urban sprawl between 2000 to 2015 in

Asansol

its formation. After war the functionality of the city

changed to the most important trade, import and export

center which in turn, encouraged lots of people to migrate

to this city. Therefore, the demand for lands to be assigned

to settlement purposes and urban construction increased.

Hence, barren lands, agricultural lands, and vegetation

were exploited for urban construction. The urban sprawl

has been mostly toward core of the city and South, East,

Southeast, and Northwest.
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