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ABSTRACT 

Rapid Urbanization is a major factor in recent years around 

the world. The geospatial techniques play a vital role for 

mapping and evaluating urban sprawl in the case of Salem 

city, Tamil Nadu, India. The Landsat Thematic Mapper (TM) 

and Multispectral Scanner (MSS) imagery of 1990, 2000, 

2005 and 2015 years for quantifying Land use/Land Cover 

(LU/LC) and urban growth changes to classify based on 

satellite images in Earth Resources Data Analysis System 

(ERDAS) software. The spatial analysis of urban sprawl was 

performed in ERDAS and Aeronautical Reconnaissance 

Coverage Geographic Information System (ArcGIS) Software 

uses change detection and road buffering. The results obtained 

from the classified Landsat TM image of year 1990 revealed 

that the total built-up area of Salem city was about 5736.92 

acres (17.32 % of the total area of a city) and increased up to 

11312.1 acres (34.16 %) in 2015. Therefore, the spatial 

expansion of built-up area an over a 25 year period (from 

1990 to 2015) was estimated at 1219.94 acres. The built-up 

area maximally expanded towards east, North West, south 

whereas the minimum expansion has occurred towards north, 

west. This may provide reliable output for urban planners for 

planning to provide basic amenities such as road,water, 

sanitation and electricity in the Salem city. 

Keywords Urban sprawl, Geospatial techniques, Landsat 

image, Road directional expansion  

1. INTRODUCTION  
Urban expansion is the greatest challenge of recent century in 

the developing countries due to rapid population growth, 

economic development and infrastructural development 

initiatives. Urban sprawl has an important area of research in 

over the world (Gordon and Richardson1997) has described 

the urban sprawl development. This phenomenon usually 

takes place either in a radial direction from Centre of city 

linear direction along the highways and drives the change in 

land use patterns. The global urban population is expected to 

grow approximately 1.84% per year between 2015 and 2020, 

1.63% per year between 2020 and 2025, and 1.44% per year 

between 2025 and 2030 From the Global Health Observatory 

(GHO) data (2015). Urban sprawl has been analysed for the 

inefficient use of land resources and energy and large-scale 

encroachment on agricultural land. Several researches have 

evaluated in this case for the loss of open space, 

environmental damage, loss of surface water, and depletion in 

groundwater. The unplanned urban growth and expansion has 

had serious impacts on the urban ecosystem and on the 

sustenance of natural resources. Rapid urbanization with high 

population density often faces severe crisis due to inadequate 

infrastructure and lack of basic amenities. In order to achieve 

proper management of urban sprawling, the measurement, 

mapping and monitoring of urban sprawl are crucial for 

government officials and planners in any region. The reliable 

and updated information on spatio-temporal pattern of urban 

sprawl is a perquisite for the sustainable urban development 

planning and management. The built up as the parameter for 

quantifying urban sprawl. The  application of remote sensing 

and GIS in urban sprawl analysis and sustainable planning 

forms a major field of research all over the world an 

alternative to urban sprawl to be effectively mapped and 

monitored in the case region in identifying patterns, extent, 

nature and rates of urban sprawl. The repetitive data 

acquisition, synoptic view and formats processed by remotely 

sensed products suitable for change detection applications. 

The convergence of GIS, remote sensing and database 

management systems has helped in quantifying, monitoring, 

modeling and subsequently predicting this spectacle. A 

number of researches on urban growth were attempted in the 

developed countries. Many remote sensing applications and 

software have been developed for change detection, but there 

is no consensus as to a single technique/algorithm that is 

universally applicable. The most commonly used change-

detection methods are spectrally based method. Most urban 

Land use/Land cover change and sprawl studies utilized 

Landsat data due to the uniqueness of the dataset as the only 

long-term digital archive with a medium spatial resolution and 

relatively consistent spectral and radiometric resolution. 

Urban change studies using Landsat Multispectral Scanner 

(MSS) and Landsat Thematic Mapper (TM) data have been 

conducted at a regional scale encompassing urban areas. 

Recently, long-term urban Land use/Land cover change (over 

two decades or longer) has been studied using the 

methodology of post-classification comparison using the 

Landsat archive as a baseline data source. Several research 

attempts to better observe and changes using remotely sensed 

data (Singh, 1986, Eastman, J. R., & Fulk, M, 1993,Lambin, 

1996, Sohl, T. L. (1999); Sailer;Chen (2001), Weber et al 

2003, Tardie et al 2004 , Shalaby et al 2007 , Ramachandra et 

al 2008,Tamilenthi et al 2011, Manish kumar et al 2014, 

Rawat, et al 2014) Based on satellite data from 1990 to 2015 

of land use/land cover change, they found that built up area 
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has sharply increased due to the construction of new buildings 

on agricultural and vegetation lands. Keeping in view the 

potential of remote sensing and GIS in urban sprawl studies 

and their importance in urban development planning, present 

study is an attempt to measure the urban expansion or sprawl 

and analyze their spatial pattern and dynamics of Salem city 

during the period from 1990 to 2015 using an integrated 

approach of geospatial techniques. 

2. STUDY AREA  
Salem city is situated in Tamil Nadu state of India is located 

between 11°35' 50” N to 11°42'10” N latitudes and 78°5'0” E 

to 78° 14'30” E longitudes (Fig. 1). Salem is the biggest 

growing city in South India. According to census of India, 

population of Salem in 2011 is 829,267; of which male and 

female are 417,317 and 411,950 respectively. Although Salem 

city has population of 829,267; its urban / metropolitan 

population is 917,414 of which 462,278 are males and 

455,136 are females From the Global Health Observatory 

(GHO) data (2015). Salem has Subtropical wet and dry 

climate with dry conditions prevailing most of the year. It 

records an annual rainfall of 923 mm from monsoon rains 

from June to September. Summers are extremely hot, lasting 

from March to June, with May being the hottest month. 

Winter lasts from November to January, during which 

temperatures can drop below 22 °C . 

 

Fig.1. Salem city location map from Landsat imagery (2015) 

2.1 METHODOLOGY  
The land cover categories are integrated in a Geographical 

Information System and several spatial analysis procedures to 

quantify the urban sprawl and to detect changes in urban 

sprawl comparing satellite images of Landsat TM of 1990 and 

2015 and analyse spatio-temporal dynamics of urban sprawl 

(Fig.2). The urban sprawl along the major roads and identify 

the directional growth of built up area in the Salem city. 

2.2 Data acquisition and preparation 

The change detection of land use/land cover based on Landsat 

satellite image of digital data from the years of 1990 to 2015 

have been used. Data acquisition is based on analysis of 

Landsat Thematic Mapper (TM) images and Multispectral 

Scanner (MSS) of 1990, 2000, 2005 and 2015 years. TM 

images have a resolution of 30 m, which is enough to provide 

information on urban expansion. These satellite images were 

acquired from the Global Land Cover Facility (GLCF), 

landsat.org and Google earth image also used for proper 

identification and also reference signature collection. The 

Landsat data provided radiometrically and geometrically 

corrected (Ortho-rectified with Universal Transverse Mercator 

(UTM/WGS 84 projection). Initially, the different bands of 

the Landsat images were stacked to get False Color 

Composite (FCC) image. The vector layers of Salem city 

boundary were used to subset the Landsat imageries from a 

complete scene. The subset images were then re-projected and 

co-registered to the UTM (WGS84) coordinate system with 

root mean square errors less than 0.4 pixels per image.  

 

https://en.wikipedia.org/wiki/Universal_Transverse_Mercator_coordinate_system
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Fig 2. A detailed Flow Chart showing for urban sprawl analysis 

2.2 Image classification and data generation 
In order to achieve at the changes in different LULC between 

the past few decades each scene were classified into eight 

classes. An NDVI layer was added to each scene layer for the 

classifications. An unsupervised classification (Isodata) of 

sixty classes was run and recoded then divided into eight 

classes on the LULC subset images. The digital classification 

of the satellite Landsat images for the purpose of change 

detection analysis. Image classification is the process through 

which the total pixels in the image are categorized into a land 

use class. In order to extract the land cover types and built-up 

area, the supervised digital image classification scheme has 

applied. This technique is based on identification of the area 

and location of land cover types known prior through a 

combination of field work and experience. Google earth 

image, Landsat Thematic Mapper (TM) data and Trimble 

GPS were used during the field survey. During the field work, 

the specific sites in the remotely sensed data known land 

cover types known as training sites. The GPS points were 

captured and digitized on the imagery used for further image 

processing. The clipped images (years 1990, 2000, 2005 and 

2015) of the study area were then classified using a Maximum 

likelihood algorithm, non-parametric parallelepiped classifier 

in ERDAS Imagine software. The signatures of data collected 

from unsupervised classification are applied to the entire 

image during image classification processes. For better 

classification results some indices such as Normalized 

Difference Vegetation Index (NDVI), Normalized Difference 

Water Index (NDWI) and Normalized Difference Built-up 

Index (NDBI). Multi-spectral pixels of the study area were 

classified and mapped into eight broad land cover classes, i.e., 

Water, Forest, Barren, Cropland, Fallow land and urban or 

built-up land, mining and road network. The pairwise 

comparisons of the output maps as well as their statistical 

inventories, land use/land cover change analysis were carried 

out in the year of 1990 to 2015. 

.3. RESULTS AND DISCUSSION 

The land use/cover classification, supervised classification 

method with maximum likelihood algorithm was applied in 

the ERDAS Imagine Software. The accurate assessment of the 

classified images was performed in ERDAS imagine software 

and the results obtained an overall accuracy of 90%. Eight 

land use/cover types were identified for in this study such as 

(1) built-up land (2) Cropland (3) Barren land (4) Water 

bodies (5) Fallow land (6) Forest (7) Mining activity (8) Road 

network. The total of Land use / land cover Reveal that in 

year1990, about 33108.6 acre area of Salem city. The built up 

land 17.32 %, crop land 11708 acres, barren land and 6430.1, 

mining activity 986 acres. In the year 2015, the land cover 

classes were categorized such as built-up land 34.1% (11312.1 

acres), Barren land 5623 acres, Fallow land 2874 acres, 

Cropland 7691 acres, Road network 1622 acres, Forest area 

3217 acres, Water body 94.94 acres (Table.1). 

3.1 Changes detection analysis 

In the past few decades, a number of techniques have been 

formulated and evaluated for accomplishing change detection 

analysis using satellite Landsat imagery. The selection of an 

appropriate change-detection technique depends on the 

requirement of information, data availability and quality, time 

and cost constraints, and analysis skill and experience. Among 

Image Pre-Processing  

(Mosaicking, layer 

stacking, subset) 

Satellite imagery  

(Landsat image-1990, 2000, 2005, 2015) 

Urban Change detection analysis 

 

UTM Projection 

Geometric correction   
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DATA ACQUISITION 

(SOI Toposheet) 

 Field Survey  

GPS – Data Capturing  

Field observation and its types 
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those radiometric changes based approaches, change-vector 

analysis is a useful method for land use/land cover change 

detection because it not only can avoid the shortcomings of 

those type approaches, such as cumulative error in image 

classification of an individual date even all, the bands and 

provide “from-to” type of change information. It is evident 

from the table 1 that both positive and negative changes 

occurred in the land cover pattern in the case area. The last 

twenty five years (1990- 2015), the built-up area has increased 

by about 5575.18 acres of the total sprawl area (Fig. 10). This 

dramatic increase in built-up area is the result of rapid 

population growth, continuous establishment of industrial and 

development of roads during the period crop land cover has 

been decreased by 2307 acres. The barren land has decreased 

by about 271.88 acres of the total municipal area. The fallow 

land and barren land are decreasing due to rapid increase in 

the built up area. The water body slightly decreased to of the 

total land cover area.  

 
Table 1. Land use/cover status and change of Salem city, year of 1990 to 2015. 

 

LU/LC 

Category 

LU/LC 1990 

in acres 

LU/LC 2000 

in acres 

LU/LC 2005 

in acres 

LU/LC 2015 

in acres 

Changes during 

1990 to 2015  
Forest area 3707.73 5057.11 4437.44 3217.5 1219.94 

Water body 681.012 243.663 384.187 74.947 309.24 

Cropland 11708.1 9195.37 9999.04 7691.19 2307.85 

Barren land 6430.98 5396.41 5895.52 5623.64 271.88 

Urban area 5736.92 7864.58 8508.27 11312.1 -2803.83 

Road Network 797.023 1116.14 1210.22 1622.7 -412.48 

Fallow land 3060.84 3068.67 1340.37 2874.12 -1533.75 

Mining activity 986.093 1166.73 1246.91 607.805 639.105 

Total  33108 33108 33108 33108  

 

 
Fig.3. Salem city LULC in the year of 1990 

 
Fig.4. Salem city LULC in the year of 2000 

 

 

The original land cover was categories of the built-up areas, 

increasing between 1990 and 2015 between the urban growth 

and the other land cover classes. The main reason behind the 

maximum growth towards the eastern direction was the 

availability of suitable land on which the built up area was 

expanded, whereas in the western direction the maximum land 

is covered by water body which hinders the built up growth. 

 Fig.5.Salem city LULC in the year of 2005 

 

 

Fig.6. Salem city LULC in the year of 2015 



International Journal of Computer Application (2250-1797)  

Volume 6– No.2, March- April 2016 

26 

3.2 Urban expansion and Directional 

change along major roads 
Urban expansion processes in the Salem city during the period 

of 1990 to 2015 are further examined by analyzing a distance 

decay concept from major roads (Fig. 8).The directional 

change of urban and built-up area (Figs. 7, 8, 9, 10 and 11) 

has been calculated from the center of the city the built-up 

area maximally expanded towards the southeast direction by 

about 6.67 km and 5.88 km respectively, while the minimum 

expansion has occurred towards the western direction which 

was of about 1.52 km. Land use/land cover (1990-2015) the 

non-built-up land has been converted into built-up land 

maximally in the southeast direction.  

 

Fig.7. Salem city Built-up area in year of 1990 

 

Fig.8. Salem city built-up area in year of -2000 

 

Fig.9. Salem city in built-up area in year of 2005 

 

Fig.10. Salem city Built-up area in year of 2015 

 

Fig.11.Urban and built-up expansion 

4. CONCLUSION 

Geospatial techniques have used for quantifying spatial and 

temporal changes of urban or built-up land. Salem city is one 

of the largest growing cities of the Tamil Nadu state. The 

study reveals that the major land use in the Salem city is the 

built-up area. Supervised classification of satellite image from 

1990 to 2015, the area under built-up land has increased by 

2803.83 acres. This increase in built-up area is due to 

construction of new buildings on vegetation and barren land. 

As a result, the area under vegetation has decreased by 4203 

acres during the study period. The urban expansion along the 

major roads reveals that occupied of urban built-up area are 

decreasing while going away from major roads. 

Approximately, half of urban expansion can be observed 

within a distance of 2km from major roads while the other 

half can be observed within a distance of 0 to 2km. The 

approach adopted in this study clearly demonstrated the 

potential of GIS and remote sensing techniques in measuring 

change pattern of land use/cover in the city area. The study 

provides the scientific way to understand the urban growth 

and it also provides a methodology for assessing urban land 

use cost effectively and in less time period. The present study 

is useful for decision making process and helpful for planners 

and authorities to formulate a suitable plan for sustainable 

urban development in the Salem city. 
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