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ABSTRACT 

 

The present study focuses on urban expansion and land use changes of Vizianagaram city and its 

environs during the last four decades (1971-2011). Remote sensing and GIS techniques are used 

to assess the urban sprawl and landuse changes, and demographic changes. In achieving this, 

Survey of India toposheets on 1:25000 (1971), SPOT data (1990) and IRS LISS III satellite data 

(2011) are used. Land Consumption Rate (LCR) and Land Absorption Coefficient (LAC) are 

calculated to aid in the quantitative assessment of the change. Increasing population and urban 

residential expansion has resulted in the loss of land available for primary production and surface 

water bodies. Built-up area has been increasing rapidly, and spreading haphazardly in the town 

and fringe areas. The study from the data gathered estimates the rate of change in land uses and 

its consequences, and proceeds further to suggest ways to make use of this analysis for working 

out strategies for sustainable development of the city and its fringe. 
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INTRODUCTION  

Urban expansion is a process of development that takes place over some period of time. The 

extent of urbanization is a phenomenon that drives the changes in land use pattern. Rapid 

urbanization is a result of population growth and rural urban migration due to push - pull factors 

of social and economic conditions. The rapid expansion of towns and cities poses serious 

problems to the resource base of the region and leads to rapid reduction of infrastructure 

facilities. Studies have shown that rapid and uncontrolled growth of urban areas has led to 

deterioration of agricultural land. The factors affecting land use must be examined thoroughly to 

understand the impact of land use changes on terrestrial ecosystems. Land use / land cover 

change studies have become essential to environmental processes, environmental change and 

environmental management through its influence on biodiversity, water budget, radiation budget, 
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trace gas emissions, carbon cycling, livelihood (Verburg et al., 2004), urban expansion and loss 

of vegetal cover (Ifatimehin and Ufuah, 2006), agricultural land loss  and a wide range of socio-

economic and ecological processes (Desanker et al., 1997), which on the aggregate, affect  global 

environmental change and the biosphere. The urban development is so dynamic that it calls for 

an immediate perspective planning of cities and towns. Expansion occurs on fringes of urban 

areas and it is responsible for all the pollution and ecological disturbance. Hence, in order to 

effectively monitor settlement growth, it is not only necessary to have information on existing 

land use / land cover but also the capability to monitor the dynamics of land use resulting out of 

both changing demands of increasing population and forces of nature acting to shape the 

landscape. 

 

Patterns of expansion and analysis of spatial and temporal changes could be done cost effectively 

and efficiently with the help of spatial and temporal techniques such as Geographic Information 

System (GIS) and Remote Sensing (RS) along with collateral data such as Survey of India maps 

(Lata et al., 2001). Remote sensing data are capable of detecting and measuring a variety of 

elements relating to the morphology of cities, such as the amount, shape, density, textural form 

and spread of urban areas (Webster, 1995; Mesev et al., 1995). Digital mapping techniques can 

create up-to-date urban information (Rathi and Vatsvani, 1999). Identification of the patterns of 

expansion and analyses of spatial and temporal changes on land use would help immensely in the 

planning for proper infrastructure facilities. Therefore, this study would attempt to estimate the 

rate of change in land use pattern due to urban expansion as well as consequences of this 

development. 

 

STUDY AREA 

 

 

Fig 1: Location map of the study area 

 

The Vizianagaram city is located in the north eastern parts of Andhra Pradesh state and it lies 

between 18°4' - 18°9' N latitudes and 83°22' - 83°27' E longitudes shown in figure 1. 

Vizianagram city is the district headquarters and it has got good transport network connected 
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with neighboring towns. The East Coast Railway line and National Highway 43 passes through 

the city. The total study area is about 45.41 km
2
 and it includes Vizianagaram, Gajularega, and 

Kanapaka towns. As per data released by Govt. of India for Census 2011, Vizianagaram is an 

Urban Agglomeration coming under category of Class I UAs/Towns. The city is governed by 

Municipality and is situated in Vizianagaram Urban Region. 

 

OBJECTIVES 

The aim of this study is 

1. To assess the trend and pattern of land use change of Vizianagaram city during the period 

of 1971-2011 and also reflect their effect on the random urban expansion over 

agricultural land; and 

2. To assess the urban expansion over the demographic change and to identify the extent of 

change in land use pattern due to urban expansion as well as consequences of this 

development. 

 

MATERIALS AND METHODS 

 

DATABASE 

In order to study the changes of land use pattern and spatial extent of urban expansion, SOI 

toposheet number 65N/8/5 along with SPOT and IRS LISS III satellite data were used to 

generate different land use layers of years 1971(Toposheet), 1990 (24th Dec 1990 of  SPOT), 

2011(9th Jan 2011 Data of LISS III) respectively. The census of the city was integrated with the 

above mentioned data to identify the Land Consumption Rate (LCR) and Land Absorption 

Coefficient (LAC). 

 

METHODOLOGY 

The complexity of a dynamic phenomenon such as urban expansion could be understood with 

land use change analysis and computation of urban expansion indicator index. Multi-date 

satellite data is useful for monitoring dynamic urban changes. The methodology essentially 

includes geo-referencing of satellite data, delineation of land use categories through on-screen 

visual interpretation and ground truth verification. Using toposheet data of 1971, Satellite images 

- SPOT (24
th

 Dec, 1990), IRS-P6- LISS III (9
th

 Jan, 2011), Land use / land cover maps were 

generated through visual interpretation by using Arc GIS software with adopted and modified 

classification scheme (Level-1) developed by Anderson et al. (1976). The Built-up area statistics 

derived from toposheet (1971) were compared with the area statistics generated from satellite 

imageries. From the Land use / Land cover statistics the percentage change, trend and rate of 

change between 1971 and 2011 are calculated. Cross tabulation method was used for showing 

transformation (gains from and losses to other land use categories) between the land use 

categories of the various epochs. This land use change matrix helps to understand the major 

changes and future development in land use. The Population data was obtained from the 

published figures by Census of India. The schematic diagram explains the methodology adopted 

for the generation of land use / land cover and change maps shown in Figure 2. 

 

http://www.census2011.co.in/census/city/401-vizianagaram.html
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Fig 2: Methodology 

CALCULATION OF THE LAND CONSUMPTION RATE (LCR) AND LAND 

ABSORPTION COEFFICIENT (LAC) 

The LAC is a measure of change in consumption of new urban land by each unit increase in 

urban population while the LCR is the measure of compactness which indicates a progressive 

spatial expansion of a city (Yeates and Garner, 1976). 

The Land consumption rate and absorption coefficient formula are given below;  

 L.C.R = A/P    

  A = areal extent of the city/town in hectares 

  P = population  

 L.A.C = A2 – A1 / P2 – P1  

A1 and A2 are the areal extents (in hectares) for the early and later years, and P1 and P2 are 

population figure for the early and later years respectively.  

 

RESULTS AND DISCUSSION 

 

CHANGE IN LAND USE PATTERN (1971, 1990 AND 2011): 

According to the study, the spatial extent of the town had undergone changes in terms of a 

haphazard and unorganised growth over the last few decades. As the cities expand in area with 

more population growth, the land gets changed with the hitherto non-urban areas like agricultural 

lands, other vegetative areas, water bodies etc., getting replaced by concrete structures and black-

topped roads (Strahler, 1975). Five types of land use categories including Agricultural land, 

Built-up (urban), Built-up (rural), Wasteland and Water bodies were obtained from three period 

data sets and shown in figure 3a, 3b, 3c and urban sprawl shown in figure 3d. The graphical 

representation of land use/land cover change shown in figure 4. From the graph it is clearly 

visible that there is decrease in agriculture land and water body and increase in built up areas.  

The Land use of the study area had undergone significant changes over time. The land use 

statistics for 1971, 1990 and 2011 are shown in Table 1. 

 



American Journal of Sustainable Cities and Society                                                          Issue 3, Vol. 1 January 2014 

Available online on http://www.rspublication.com/ajscs/ajsas.html                                                  ISSN 2319 – 7277 

R S. Publication, rspublicationhouse@gmail.com Page 732 
 

 
 

Fig 3a: Land use / Land cover map of the study area during 1971 
 

 

Fig 3b: Land use / Land cover map of the study area during 1990 



American Journal of Sustainable Cities and Society                                                          Issue 3, Vol. 1 January 2014 

Available online on http://www.rspublication.com/ajscs/ajsas.html                                                  ISSN 2319 – 7277 

R S. Publication, rspublicationhouse@gmail.com Page 733 
 

 

Fig 3c: Land use / Land cover map of the study area during 2011 

 

 

Fig 3d: Urban Sprawl Map of the study area during 1971, 1990 and 2011 
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Fig 4: Graphical representation of land use change from 1971 to 2011 

 

Table 1: Static land use / land cover distribution of study area during 1971, 1990 and 2011 (Units in Hectares) 

LULC 

Category 

1971 1990 2011 1990-1971 2011-1990 

Area % Area % Area % Area % change Area % change 

Agricultural 

land 
3497.52 77.02 3183.60 70.11 2278.52 50.18 -313.92 -6.91 -905.07 -19.93 

Built-up 

(Rural) 
30.87 0.68 44.72 0.98 128.98 2.84 13.86 0.31 84.26 1.86 

Built-up 

(Urban) 
563.46 12.41 864.49 19.04 1713.86 37.74 301.03 6.63 849.37 18.70 

Total 

Built-up 
594.33 13.09 909.21 20.02 1842.84 40.58 314.89 6.93 933.63 20.56 

Wasteland 75.90 1.67 75.90 1.67 71.28 1.57 0.00 0.00 -4.63 -0.10 

Water 

bodies 
373.15 8.22 372.18 8.20 348.26 7.67 -0.97 -0.02 -23.93 -0.53 

Total 4540.89 100 4540.89 100 4540.89 100 314.89 0.00 933.63 0.00 
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From table-1 it is observed that in 1971, agricultural land constituted the largest land use 

category which is 3497.52 hectares. Built-up category which is the focus of this study occupied 

an area of 594.33 hectares (representing 13.09%). The built-up category is further divided into 

built-up (urban) and built-up (rural). These classes occupied 563.46 ha and 30.87 ha respectively. 

The other land use categories which include wasteland and water bodies occupied 75.90 ha 

(1.67%) and 373.15 ha (8.22%) respectively. In the year 1990, there was a notable change in the 

distribution of land use pattern of the study area. The area under Built-up category is about 

909.21 ha (20.02%), out of which Built-up (urban) is 19.04% and Built-up (rural) is 0.98% 

respectively. The agricultural land category experienced significant loss between 1971 and 1990 

which is about 313.92 ha. In 2011, the built-up land category increased while all other categories 

experienced significant loss between 1990 and 2011. The area under built-up area is about 

1842.84 ha, out of which built-up (urban) category is 1713.86 ha (37.74%) and built-up (rural) is 

128.98 ha. The built-up (rural) area increased from 30.87 ha to 128.98 ha from 1971 to 2011 

respectively, while the period between 1990 and 2011 witnessed a drastic rise in built-up (rural) 

area which is about 84.26 ha. 

 

Table 2: Land use transition matrix for the period of 1971 - 1990 (Units in Hectares) 

1971              1990 
Agricultural 

land 

Built-up 

(Rural) 

Built-up 

(Urban) 
Wasteland 

Water 

bodies 

Total 

(1971) 

Agricultural land 3183.60 13.86 300.06     3497.52 

Built-up (Rural)   30.87       30.87 

Built-up (Urban)     563.46     563.46 

Wasteland       75.90   75.90 

Water bodies     0.97   372.18 373.15 

Total (1990) 3183.60 44.72 864.49 75.90 372.18 4540.89 

 

Table 3: Land use transition matrix for the period of 1990 - 2011 (Units in Hectares)    

1990             2011 
Agricultural 

land 

Built-up 

(Rural) 

Built-up 

(Urban) 
Wasteland 

Water 

bodies 

Total 

(1990) 

Agricultural land 2265.31 90.81 827.48     3183.60 

Built-up (Rural) 1.91 37.38 5.43     44.72 

Built-up (Urban) 11.13 0.14 853.22     864.49 

Wasteland     4.63 71.28   75.90 

Water bodies 0.17 0.65 23.10   348.26 372.18 

Total (2011) 2278.52 128.98 1713.86 71.28 348.26 4540.89 
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Table 2 & 3 shows the transformation between land uses, that is changes from one land use to 

another. In table 2&3, the diagonal (Italic) values represent no change of the particular land use, 

while all other classes changed to another land use classes. Built-up area gained from agricultural 

land, wasteland and water bodies between the above said periods. The transformation of land use 

between 1990 and 2011 (Table 3) shows that the built-up (urban) and built-up (rural) area gained 

827.48 ha and 90.81 ha from agricultural land respectively. The area lost under wasteland and 

water bodies is about 4.63 ha and 23.10 ha respectively and this land is converted to built-up 

(urban). 

 

Table 4: Growth in built-up area between 1971, 1990 and 2011 

Year 
Built-up area 

(Hectares) 

Growth in Built-up 

area (Hectares) 

Time in 

Years 

Annual 

growth rate 

1971 594.33 
   

1990 909.21 314.89 19 16.57 

2011 1842.84 933.63 21 44.46 

 

As indicated above table (Table 4) the built-up area is 594.33 ha, 909.21 ha and 1842.84 ha in 

1971, 1990 and 2011 respectively. The annual rate of growth in built-up area between 1971 and 

1990 was 16.57 ha, while the total built-up area gained within the same period (19 years) was 

314.89 ha. The annual rate of gain in built-up area between 1990 and 2011 was 44.46 ha and the 

built-up area gained within the same period (21 years) is about 933.63 ha. This indicates that 

there was rapid urban growth, which includes residential and official buildings, shopping malls 

and plazas, infrastructure and facilities such as schools, hospitals, recreational parks and gardens, 

etc. Patterns of urban morphological changes, contemporary urbanization trends are most 

significant along the highways and railroads. Hence, the data as shown in tables-4 reveals that 

urban expansion from 1971 to 2011 has 1248.52 ha of land from other land uses. With the 

growth of settlements and non-agricultural activities, built up area were increased around 

Vizianagaram city. Such growth in built-up land has been at the cost of agricultural land.  

 

In recent years, the rate and pace of urban expansion and incursion into the rural hinterlands has 

been phenomenal, with consequential increase in suburban populations and development (Hall, 

2002). The fringe villages which show notable settlement expansion are Dharmapuri, Jonnada, 

Duppada and Jammunarayanapuram. This analysis of land use data can provide indication of 

direction and magnitude of change for the future and quantitative change in the past (Xiao et al., 

2006; Kasimu et al., 2008; Weng, 2002). Land use change mainly caused by population growth 

and economic growth (Taubenbock et al., 2008; Sudhira et al., 2004; Bhatt et al., 2006). 

 

EXPANSION OF ROAD NETWORK  

All major roads in the study area have also been mapped, as proximity of roads is also an 

important factor for understanding of urban growth pattern and can be considered as a spatial 

variable for urban expansion studies. Along with the expansion of the spatial extent of the city, 

expansion of the road network has also undergone in a very irregular and unorganized manner. 
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The growth has come up at the expense of the agricultural or fallow lands or wastelands. 

Presently, the total road network of the study area is about 115.89 km, while in 1990 it was only 

79.23 km and 70.07 km in 1971 (Fig 5). Urban expansion (built-up) is found along the main 

transport route of the city and it is occurring mainly in agricultural land. 

 

 
Fig 5: Road network expansion of the study area during 1971, 1990 and 2011 

 

 

LCR AND LAC OF VIZIANAGARAM CITY 

During the periods 1971, 1991 and 2011, there has been an increase in the spatial extent of 

Vizianagaram city. This may be due to the migration of people from rural to urban. Land 

consumption rate indicates a progressive spatial expansion of a town that was high between 

1991- 2011 but during 1971 and 1990 witnessed a drop in the rate of physical expansion of city.  

Land absorption coefficient being a measure of consumption of new urban land by each unit 

increase in urban population was high between1971 to 2011. This therefore suggests that the rate 

at which new lands are acquired for development is high between 1991and 2011. For the period 

of 1971-1990, the rate of land consumption decreased from 0.006 to 0.005 and land absorption 

coefficient is 0.004 (Table 5). Built-up (urban) land has grown from 864.49 (1990) to 1713.86 ha 

(2011). This may be connected to the factors like push and pull factors of low level of 

agricultural income, industrialization, improvement in transport, improvement in communication 

and higher educational facilities etc. These factors attracted a lot of people to the area thus 

contributing to the physical expansion of the city as evident in the increased land consumption 

rate from 0.005 to 0.007 and land absorption coefficient by 0.015 between 1991 and 2011 as 

shown in table 5. 
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Table 5: Population growth and land consumption between 1971- 2011 

Year 

Population 
Built-up 

(Urban) 

Area in 

Hectares 

L.C.R Year L.A.C 
Vizianagara

m (M+OG) 

Gajular

ega 

Kana

paka  

Total 

Viziana

garam 

(UA) 

1971 86608 5985 6411 99004 563.46 0.006  
 

1991 161331 11514 4177 177022 864.49 0.005 
1971-

1991 
0.004 

2011 228720 - 5960 234680 1713.86 0.007 
1991-

2011 
0.015 

Note: Gajularega merged in Vizianagaram Municipality in 2011 

Source: 1971 population data collected by District Census Hand book, Visakhapatnam 

 1991 population data collected by District Census Hand book, Vizianagaram 

2011population data collected by Census Department, Govt. of Andhra Pradesh 
 

 

 

 

Fig 6: Relationship between population and built-up area distribution and trend of the study area 

during 1971, 1990 and 2011. * Values are predicted 
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As per the temporal analysis of satellite data for the years 1991 and 2011, it is found that 

Vizianagaram city has extended towards Dharmapuri, Gajularega, Malicherla, Duppada, 

Jammunarayanapuram and Kanapaka enclosing with an area of 1713.49 hectares. This shows 

that the town has extended its limits from 563.46 hectares to 1713.49 hectares. The township of 

Vizianagaram had a population of 99004 in 1971, 177022 in 1991 and the population rose to 

234680 in the year 2011. Figure 6 shows the relationship between population and city expansion 

of the study area during the study period along with predicted population and built-up area for 

the next decades by using linear regression method. According to this, the estimated population 

is about 305911 will be occupied by 2198 ha built-up area for the year 2031and for the year 

2051, the population and built-up area is about 373749 and 2773 ha respectively. This will help 

in planning and management of infrastructure facilities in the city for better governance.  

  

CONCLUSIONS 
Satellite data is useful in mapping and quantifying the extent of urban area in different time 

periods and detecting the land use / land cover changes through Remote Sensing and GIS. Prior 

to 1991, surroundings of Vizianagaram city had very fertile agricultural lands with multiple 

cropping patterns of paddy and vegetable crops. But around 2001 the land was comparatively 

cheaper, people from lower and middle income group started buying large or small plots of land 

for residential purposes. Thus, gradually the agricultural land started shrinking and residential 

land became prominent. The result of the work shows a rapid growth in built up land between 

1971 and 2011. The focus of urban growth should be oriented towards nature conservation i.e., 

sustainability of physical environment along with spatial growth of the town. There is an urgent 

need to overcome the decline of water bodies. Rooftop rainwater harvesting should be 

encouraged in the town. Extensive plantation must be taken up to allow percolation.  

 

The analysis shows that urban expansion has been rapid within the town, at the expense of 

agricultural land. Environmentally sensitive and ecologically important regions such as the study 

area, there is a continuing need for up-to-date and accurate land use / land cover information that 

can be utilized in the production of sustainable land use policies. This study is one of such efforts 

aimed at providing information that would aid in developing sustainable urban landuse policies 

in Vizianagaram. This is necessary as the natural land cover (water bodies) of vizianagaram 

continues to be removed in ecologically significant amounts for construction and other urban 

usage. Thus, the study recommends further research towards these synergetic factors driving land 

use changes in Vizianagaram. Lastly, high rise housing units should be encouraged as against the 

single-unit bungalows that consume large land area. This is in addition to efforts towards 

creating environmental awareness with specific attention to urban land consumption. Parks 

within the town should be reclaimed, while aggressive re-greening of the town should be pursued 

with utmost vigour and the seriousness it deserves. 
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