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Abstract: Globalization and subsequent opening up of Indian markets has given impetus to the urbanization process in most 

urban pockets in India leading to large scale irreversible land cover changes. Tier II cities in Karnataka with spurt in urban 

activities are trying to be infrastructural competitive. However this approach has marginalized the planned interventions 

through the understanding and visualisation of the trends of future growth. In the absence of proper planning and 

visualization of growth trends, dispersed growth with lack of basic amenities is unabated in most of the metropolis of India. 

This communication analyses the growth patterns in one of the prominent tier II city in Karnataka –Bellary. The spatio–

temporal analysis has been done for the past four decades considering buffer to account for the sprawl at outskirts. Land use 

and Land cover analysis with Shannon’s entropy and Landscape metrics aided in visualizing the urban growth with the 

emerging spatial patterns. Land use analysis indicate the growth of urban areas in the city and Shannon’s entropy indicates of 

sprawl and the need for appropriate strategies to manage natural resources  while providing basic amenities . Landscape 

metrics highlight of aggregated growth at the centre with the tendency to form single clumped urban patch, whereas the city 

outskirts and the buffer region with fragmented landscapes reveal of dispersed growth. This analyses help city planners in 

understanding the urban growth and for institutionalizing the future developments 
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____________________________________________________________________________________________________ 

                                                                                         I. Introduction 

 Unplanned urbanisation heralds the irreversible changes in the land cover threatening the sustence of natural resources and 

local; ecology. Indian cities underwent a rapid transition from the concentrated growth at city centre to very dispersed and 

fragmented model to accommodate the growth and demand of urban land that connects the major cities [42]. This has led to 

huge expansion around the urban area in an unplanned and uncontrolled manner [3]. Opening Indian markets during post 

1990’s due to globalization process has directly or indirectly led to the severe fragmentation of land in major urban 

Metropolis [40]. Major metropolitan cities  experienced large scale land use changes with the compact or concentrated 

growth at city centre leading to a single land use urban class due to the availability of development conducive infrastructure  

and natural resources([1], [10], [42]). Most of the metropolitan urban fringe regions have experienced a rapid transition from 

rural cultivable land to urban area due to exurban development during post 2000 ([13], [7], [2], [11], [43]). Dispersed 

industrial and commercial units with human settlements in peri urban area of most metropolitan regions have linked the 

respective sprawl pockets with dense city road networks. These metropolitan regions have reached the growth threshold 

evident from the inability to meet the basic needs of the growing population in urban fringes [40]. Hence the focus is towards 

tier II cities to meet the requirements of further growth. The tier II cities have the adequate resources to meet the 

requirements of basic amenities of the dependent urban population. There has been an increased interest in recent times by 

the federal government agencies in giving further impetus as ubiquitous and self-sustained cities, since this has necessitated 

to understand and visualize the spatial patterns of the growth in these regions in order to plan and implement sustainable 

management of natural resources such as land, water, etc.  Visualization and understanding of patterns of urbanisation is 

possible with the spatial data available at different time intervals.  Remote-sensed data acquired through space borne sensors 

since 70’s at regular intervals has aided mapping the compositions of cities and analyzing the changes over time ([18], [34], 

[33], [42]). The prominent characteristics of remotely sensed data, is availability in temporal mode and synoptic coverage of 

wide area, useful in analysing changes over the past four decades. This helps the planners and decision makers to visualise 

and understand the current patterns of urbanization processes ([5],[6]) apart from predicting the likely changes in future. The 

potential applications of remote sensing data in urban environmental research and policy has been well documented [35]. 

Further, the utility of multi resolution data for various environmental applications is reviewed by Sliuzas et al., 2010 [36]. 

Remote sensing data has been used to understand the spatio-temporal dynamics of urbanization, peri-urbanization, and urban 

morphology through land use land cover dynamics([32], [8], [41], [25], [9], [29], [12], [15], [16], [17], [14], [42], [40]). This 

forms the basis for current analysis of urban growth through remote sensing data through the temporal dynamics of land 

cover and land uses.  Landscape metrics through Fragstat [26] are computed to detect and understand the patterns of 

variations in peri- urban or urban sprawl trends across the study region, along with multi-resolution remote sensing data.  

Landscape metrics aid in quantifying the spatial patterns of land use patches in a geographic area [26]. It provides both a 

quantitative and qualitative data and information on urban forms ([42], [4], [30]). Changes in landscape pattern have been 

detected and described through spatial metrics which aided in quantifying and categorizing complex landscapes ([28],  [29], 

[31], [4], [19], [42]). Buffer region was considered in addition to the city’s administrative boundary to account for the 
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current and likely peri-urban development.  Bellary  a rapidly urbanising Tier II  city of Karnataka, was considered for the 

current analysis and  the  objectives of the study are to (a)  quantify  urban  growth  dynamics considering the administrative 

boundary with 4 km buffer through Land cover and land use analyses, (b)  to  understand the pattern of urban growth 

through gradient approach,  and (c)  understand the dynamics of growth using spatial metrics. The qualitative and 

quantitative information support policy-making in urban planning and the sustainable management of natural resources. 

II. Study Area 

Bellary city is located at Latitude 15° 9' Longitude 76° 55' 60E in Karnataka State, India with a jurisdiction of 

about 82 Sq. Km (Figure 1). . Population is about 0.4 million as per recent 2011 population census (provisional). 

Gadag borders on the west, Andhra Pradesh on the East, Chitradurga and Davangere on the south and Raichur 

on the north. Temperature ranges from 25
0
c to 45

0
c and mean annual rainfall is about 700mm. The city is a hub 

industrial activities and is one of the major centers in the production of textiles in the country. Spatial extent of 

Bellary city is about 6km radius, and 4 km circular buffer is considered from the boundary for the analysis of 

spatio-temporal dynamics 

 
 

Figure 1: Study Area. Bellary City and 4 km buffer considered 

 

Materials and methods 

Urban dynamics has been assessed using remote sensing data of the period 1989 to 2010. Time series spatial 

data acquired from Landsat Series Thematic mapper (28.5m) sensors for the period 1989 and 2000were 

downloaded from public domain [23],  IRS LISS III data (24 m) for 2005 and 2010 were procured from the 

National remote Sensing Centre [24], Hyderabad.  Survey of India (SOI) toposheets of 1:50000 and 1:250000 

scales were used to generate base layers of city boundary, etc. City map with ward boundaries were digitized 

from the city administration map.  Population data was collected from the Directorate of Census Operations, 

Bangalore region [21].  Table I lists the data used in the current analysis. Ground control points to register and 

geo-correct remote sensing data were collected using hand held pre-calibrated GPS (Global Positioning 

System), Survey of India toposheets (1:50000, 1:250000 scale), and virtual spatial maps - Google earth and 

Bhuvan  ([22], [20]). See table1. 

 
DATA Year Purpose 

Landsat Series TM (28.5m) and ETM 1973 Land cover and Land use analysis 

IRS LISS III (24m) 2001,2005,

2010  

Land cover and Land use analysis 

Survey of India (SOI) topo-sheet of 

1:50000 and 1:250000 scales 

 To generate base layer maps (city boundary, etc.). 

Field visit data –captured using GPS  For geo-correcting and generating validation 
dataset 

Table 1. Materials used in Analysis 

A three-step approach, illustrated in  Figure 2 was adopted to understand the urban dynamics , which includes 

(i) a normative approach to understand the land use and land cover, (ii) a gradient approach of 1km radius to 

understand the pattern of growth during the past 4 decades, (iii) spatial metrics analysis for quantifying the 

growth. Various stages in the data analysis are: 

i. Preprocessing: The remote sensing data of landsat were downloaded from GLCF (Global Land Cover 

Facility) and IRS LISS III data were obtained from NRSC, Hyderabad. The data obtained were geo-

referenced, rectified and cropped pertaining to the study area. The Landsat satellites have a spatial 
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resolution of 28.5 m x 28.5 m (nominal resolution) were resampled to uniform 24 m for intra temporal 

comparisons.  

ii. Vegetation Cover Analysis: Vegetation cover analysis was performed using the index Normalized 

Difference Vegetation index (NDVI) was computed for all the years to understand the temporal 

dynamics of the vegetation cover.  NDVI values range from -1 to +1, where -0.1 and below indicate 

soil or barren areas of rock, sand, or urban built-up. NDVI of zero indicates the water cover. Moderate 

values represent low density vegetation (0.1 to 0.3) and higher values indicate thick canopy vegetation 

(0.6 to 0.8). 

iii. Land use analysis: Further land use analysis was performed to investigate the changes in the landscape. 

Categories as listed in Table II, were classified with the training data (field data) using Gaussian 

maximum likelihood supervised classifier.  The method involves i) generation of False Colour 

Composite (FCC) of remote sensing data (bands – green, red and NIR). This helped in locating 

heterogeneous patches in the landscape ii) selection of training polygons (these correspond to 

heterogeneous patches in FCC) covering 15% of the study area and uniformly distributed over the 

entire study area, iii) loading these training polygons co-ordinates into pre-calibrated GPS and 

collection of the corresponding attribute data (land use types) for these polygons from the field. GPS 

helped in locating respective training polygons in the field, iv) supplementing this information with 

Google Earth and Bhuvan v) 60% of the training data has been used for  classification, while the 

balance is used for validation or accuracy assessment.   

iv. Gaussian maximum likelihood classifier (GMLC) is applied to classify the remote sensing data of the 

study region using the training data. GMLC uses various classification decisions using probability and 

cost functions [39] and is proved superior compared to other techniques. Mean and covariance matrix 

are computed using estimate of maximum likelihood estimator. Estimations of temporal land uses were 

done through open source GIS (Geographic Information System) - GRASS (Geographic Resource 

Analysis Support System, http://ces.iisc.ernet.in/grass).  60% of field data were used for classifying the 

data and the balance 40% were used in validation and accuracy assessment.  Thematic layers were 

generated of classifies data corresponding to four land use categories (Table 2). Evaluation of the 

performance of classifiers is done through accuracy assessment techniques of testing the statistical 

significance of a difference, comparison of kappa coefficients and proportion of correctly allocated 

classes through computation of confusion matrix. These are most commonly used to assess the 

effectiveness of the classifiers ([37], [38]). 

Further each zone was divided into concentric circle of incrementing radius of 1 km (figure 3) from the center of 

the city for visualising the changes at neighborhood levels. This also helped in identifying the causal factors and 

the degree of urbanization (in response to the economic, social and political forces) at local levels and 

visualizing the forms of urban sprawl. The temporal built up density in each circle is monitored through time 

series analysis. 

 
Figure 2: Procedure followed to understand the spatial pattern of landscape change 
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Land use Class Land uses included in the class 

Urban This category includes residential area, industrial 
area, and all paved surfaces and mixed pixels 

having built up area. 

Water bodies Tanks, Lakes, Reservoirs. 

Vegetation Forest, Cropland, nurseries. 

Others  Rocks, quarry pits, open ground at building sites, 
kaccha roads. 

Table 2.  Land use categories 

a) Urban sprawl analysis: Direction-wise Shannon’s entropy (Hn) is computed (equation 1) to understand 

the extent of growth: compact or divergent ([27], [42], [40]). This provides an insight into the 

development (clumped or disaggregated) with respect to the geographical parameters across ‘n’ 

concentric regions in the respective zones.    

 

             
         …… (1) 

 

Where Pi is the proportion of the built-up in the i
th

 concentric circle and n is the number of circles/local 

regions in the particular direction. Shannon’s Entropy values ranges from zero (maximally 

concentrated) to log n (dispersed growth). 

b) Spatial pattern analysis: Landscape metrics provide quantitative description of the composition and 

configuration of urban landscape.  These metrics were computed for each circle, zone-wise using 

classified landuse data at the landscape level with the help of FRAGSTATS. Urban dynamics is 

characterised by 7 prominent spatial metrics chosen based on complexity, and density criteria. The 

metrics include the patch area shape, epoch/contagion/ dispersion and are listed in Table 3.  
 

 

Figure 3. Google earth representation of Bellary 

 
 Indicators Formula 

1 Number of Urban Patches 

(NPU) 

 

NPU n  

NP equals the number of patches in the landscape. 

2 Largest Patch Index 
(Percentage of built up)  1 max( )

100
n

i ia
LPI

A

  

a i = area (m2) of patch i   A= total landscape area 

3 Normalized Landscape 

Shape Index (NLSI) 
1

i N
i

i i

p

s
NLSI

N







 

 

Where si and pi are the area and perimeter of patch i, and N is the total number of patches. 

4 Landscape Shape Index 
(LSI) 

              
ei =total length of edge (or perimeter) of class i in terms of number of cell surfaces; includes 

all landscape boundary and background edge segments involving class i. 
Min ei=minimum total length of edge (or perimeter) of class i in terms of number of cell 

surfaces. 
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Table 3. Landscape metrics analysed 

 

RESULTS AND DISCUSSION 

Land use Land Cover analysis: 

Land cover analysis: Vegetation cover of the study area assessed with the temporal remote sensing data through 

NDVI is given in Figure 4. NDVI values indicate the spatial extent of vegetation and non-vegetation in the 

region. This is based on the reflectances of earth features (such as trees, agriculture, and scrub vegetation) which 

have higher values in Near IR region. The area under vegetation in 1973 is 57.53% mainly composed of 

cultivated vegetative area and the balance are open soil. During 1973-2001 there was an increase in the area 

under cultivation and some increments in urban pockets evident from the land cover of 2001, 2005 and 2010. 

Land use investigation was carried out to understand the dynamics under respective land use categories. 

Temporal NDVI values are listed in Table 4. 

 
Year Vegetation 

% 

Non-Vegetation 

% 

1973 57.51 42.47 

2001 94.87 5.13 

2005 94.8 5.2 

2010 93.7 6.27 

Table 4: Temporal Land cover details. 

 

Land use analysis: Land uses assessed for the period 1973 to 2010 using Gaussian maximum likelihood 

classifier are listed Table 5 and in figure 5. The overall accuracy of the classification ranges from 78% (1973), 

86% (2001), 84% (2005) to 89% (2010) respectively. Kappa statistics and overall accuracy was calculated and 

is as listed in Table 6. There has been a significant increase in built-up area during the last decade evident from 

table 5. There has been a decrease in tree vegetation cover in the region during the past four decades. Significant 

increase in other land use categories including urban class was observed. 
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Figure 4: Temporal Land cover changes during Past three Decades 

 

 
Figure 5:Classification output of Bellary 
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Land 

use 

Urban Vegetation Water Cultivation 

and others 

Year 

2010 7.42 0.48 2.04 90.07 

2005 4.23 0.92 4.73 90.12 

2001 2.64 0.41 2.01 94.94 

1973 2.12 4.61 2.35 90.92 

Table 5:  Temporal land use details for Bellary 

Year Kappa 

coefficient 

Overall accuracy 

(%) 

1973 0.69 78.32 

2001 0.84 86.94 

2005 0.82 84.53 

2010 0.86 89.69 

Table 6:  Kappa statistics and overall accuracy 

Shannon’s entropy: The entropy is calculated considering 10 gradients in 4 directions and are listed in table 7. 
The reference value is taken as Log (10) which is 1 and the computed Shannon’s entropy values are inching 
closer to the threshold value, indicating tendency of sprawl. Consistently increasing entropy values from 1973 to 
2010 shows the tendency of dispersed growth of built-up area in the city with respect to 4 directions as we move 
towards the outskirts and this phenomenon is most prominent in SE and NE directions.  

 NE NW SE SW 

2010 0.37 0.32 0.389 0.33 
2005 

0.23 
0.25 0.26 0.24 

2001 
0.1 

0.09 0.12 0.14 

1973 0.04 0.03 0.08 0.06 

Table 7:  Shannon Entropy Index 

Spatial patterns of urbanisation: Spatial dynamic pattern of urban growth was analysed for 4 decades using eight 

landscape level metrics that were computed zone wise for each circle of 1 km radius. These metrics are 

discussed below: 

Number of Urban Patch (Np) is a landscape metric indicates the level of fragmentation and ranges from 0 

(fragment) to 100 (clumpiness). Figure 6a illustrates the temporal dynamics of number of patches. Increase in 

number of patches indicates the land fragmentation, while decline in patches indicates the fragmented landscape 

forming a single land use patch. As observed from the figure, urban patches are least in the landscape in 1970’s 

as the growth was concentrated on at the city center. In 2000’s Bellary city saw a gradual increase in the number 

of patches, which can be understood as features of fragmented landscape, further in 2010, these patches are 

increasingly forming a single patch at the center during 2010 indicative that the urban area forming a single 

clump patch destroying all other land uses, but the case in the buffer regions has been indicative of higher 

fragmentation during the latter years. Clumped patches at center are more prominent in NE and SE directions 

and patches are agglomerating to a single urban patch.  

 

 
Figure 6a: Number of urban patches (zonewise, circlewise) 

 

Landscape Shape Index (LSI): LSI equals to 1 when the landscape consists of a single square or maximally 

compact (i.e., almost square) patch of the corresponding type and LSI increases without limit as the patch type 
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becomes more disaggregated. Results (Fig 6b) indicate that there were low LSI values in 1973 as there were 

minimal urban areas and were concentrated in the center. The city since 2001 has been experiencing dispersed 

growth in all direction and in every gradient, towards 2010 it shows aggregating urban land use at the center 

forming a simple shaped single patch as the value is close to 1, whereas, the values of LSI are very high in the 

outskirts indicating a complex shaped growth with also is indicative of fragmented landscape in the buffer zone. 

 
 

 

Fig 6b:  Landscape Shape index ï zonewise, circlewise 

Normalized Landscape Shape Index (NLSI): NLSI is 0 when the landscape consists of single square or 

maximally compact almost square, it increases as patch types becomes increasingly disaggregated and is 1 when 

the patch type is maximally disaggregated. Results (Fig 6c) indicate that the landscape post 2000 is fragmented 

and in 2010, the landscape has a highly fragmented urban class in the buffer region and is aggregated class in 

the center, conforming to the other landscape metrics. Clumpiness index equals 0 when patches are distributed 

randomly, and approaches 1 when the patch type is maximally aggregated. Clumpiness exhibit similar temporal 

trends and highlights that the center of the city is more compact in 2010 with more clumpiness and aggregation 

in NW and NE directions. In 1973 the results indicate that there were a small number of urban patches existing 

in all direction and in every circle. Post 2000’s and in 2010 large number of urban patches are close to each 

other almost forming a single patch especially at the center and in NW and NE direction in different gradients 

(Fig 6d). Lower values of these metrics in the outer circles indicate that there is a tendency of sprawl in the 

outskirts since non clumped patches exist in this region. 

 

 
Fig 6c: Normalised Landscape Shape index ï zonewise, circlewise 
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Figure 6d:  Clumpiness ï zonewise, circle wise 

Percentage of like adjacencies (Pladj) is the percentage of cell adjacencies involving the corresponding 

similar patch type those are adjacent. The analysis of results of this metrics also indicates (Figure 6e) 

clumped urban single land use growth at the city center in 2010, adjacent patches of urban are much closer 

and are forming a single patch in 2010 and outskirts are relatively sharing different internal adjacencies 

with patches not immediately adjacent but have since these have a relatively small adjacency value it can be 

understood as a trend to become adjacent to each other, which is also indicative of sprawl. 

 

 

Figure 6e: Zone and circle wise: Pladj 

Patch cohesion index measures the physical connectedness of the corresponding patch type. Figure 6f 
describes the results of the analysis of physical connectedness of the urban patch with the higher cohesion 
value (in 2010) indicating that the urban count is higher in the considered study region. Lower values in 1973 
illustrate that the urban patches were rare in the landscape. 
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Figure 6f: Cohesion Index 

Largest Patch Index (LPI): This metric reveals information about the largest patches in the Landscape and its 
native existence. Urban patch again counted as a largest patch in 2010 in the central area of Bellary, whereas 
the buffer zones had a mixture of other patches. Figure 6g is illustrative of results of this analysis. 

 

Figure 6g: Largest patch index 

The trends of landscape metrics aided in quantifying the density and the shape of the urban growth, which is 
useful in the regional planning for provision of basic amenities and infrastructure in the region.   

CONCLUSION 

Multi resolution spatial data acquired through satellite borne sensors provided vital inputs of land use and 

land cover in Bellary, Tier II city in Karnataka, India.  Analysis  reveals that urbanization  is in progress but 

neither uniform in space nor planned , Land use analysis show an increase of urban area from 2.12% (1973) 

to 7.42% (in 2010) in and around Bellary. The present land-use is predominantly cultivation or agriculture 

and open area.  Shannon entropy illustrated the tendency of urban sprawl in and around the periphery and 

buffer zones. Further the zonal approach with gradients supplemented with landscape metrics brought out 

the fact that during the past four decades the center of the city is forming a clumped urban patch, while the 

periphery and the buffer regions are experiencing dispersed growth or sprawl.  The judicious use of land by 

checking the haphazard growth of urbanization is imperative to maintain he environmental quality and 

health in the region. . Spatial models provide vital inputs for the decision makers and city planners to 

visualize and plan a sustainable management strategies. 
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