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Modeling Urban Growth in Indian Situation -
A Case Study of Bhubaneswar City
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Abstract— Increasing Urbanization and Industrialization is resulting in accelerating the growth of existing urban centers and causing faster rate of spa-
tial Sprawl. Because of Sprawl of Urban centers, the increase of Population in hazardous areas and large-scale land conversion are matters growing
concern. In particular urbanization in developing countries has produced large concentration of urban squatters and irregular developments which are
settled in marginal locations and hazardous areas, exposed to periodic and seasonal flooding, prone to health hazards and other related problems. Bhu-
baneswar city is also experiencing similar problems, because the sites with their physical shortcomings (narrow valleys, low-lying areas and stream
banks etc.) have been urbanized. The present study deals with Bhubaneswar, the capital city of Orissa which was planned in the year 1954 to shift the
then capital of Orissa from Cuttack to Bhubaneswar. From the year 1954, the process of spatial growth of Bhubaneswar city was slow but gradually the
city has emerged as one of the fastest growing city of the country.. In this study attempts has been made to develop a methodology focusing on monitor-
ing of urban growth based on remotely sensed data and GIS. The study also attempts to highlight the pattern of rapid expansion and nature of growth of
Bhubaneswar.
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1. INTRODUCTION

NCREASING Urbanization and Industrialisation is

is resulting in accelerating the growth of existing

urban centers and causing faster rate of spatial Sprawl.
Sprawl. Because of Sprawl of Urban centers, the increase
of Population in hazardous areas and large-scale land
conversion are matters growing concern. In particular ur-
banization in developing countries has produced large
concentration of urban squatters and irregular develop-
ments which are settled in marginal locations and hazard-
ous areas, exposed to periodic and seasonal flooding,
prone to health hazards and other related problems. Bhu-
baneswar city is also experiencing similar problems, be-
cause the sites with their physical shortcomings (narrow
valleys, low-lying areas and stream banks etc.) have been
urbanized. Secondly another effect of urban sprawl is ha-
phazard development along major transportation network
and along streams running east to west from the city.
Faster land conversion process and the concentration of
unplanned development in marginal locations are matters
of growing concern of the city. (Mishra, 1991, 2008) . Be-
cause of the rapid urban growth, all major urban centres
of India are expanding every year and on average 2000
hectares of productive agricultural land are converted to
urban use. Govt. of India in 1987 constitute a "Urban
Sprawl mission" for mapping and monitoring of Urban
Sprawl of metropolitan cities to study its impact on the
city and its remotely sensed data
[Sharma; 87]. Remote sensing and GIS can be used sepa-
rately or in combination for application in studies of ur-

environs, using

ban sprawl. In the case of a combined application, an effi-
cient, even though more complex approach is the integra-
tion of remote sensing data processing, GIS analyses, da-
tabase manipulation and models into a single analyses
system (Michael and Gabriela, 1996). The present study
attempts to develop a methodology focusing on the moni-
toring of urban growth based on use of remotely sensing
and GIS technology.

2. OBJECTIVES OF THE STUDY

e Development of methodology to generate time series
data of urban areas

o To study the efficacy of remotely sensed data and GIS
for monitoring Urban Sprawl.

e To study the under lying causes of rapid expansion
and nature of growth for developing future strategies

3. REMOTE SENSING FOR URBAN SPATIAL
DATABASE DEVELOPMENT

The overwhelming advantages of remote sensing methods
over tactile methods based on ground survey are the consis-
tency which can be ensured in at least one stage of data collec-
tion, the rapidity of survey, the synoptic coverage, less time
and manpower at the data collection stage. Remote sensing
which is now universally recognized as a highly effective and
versatile technology for mapping, estimating, and monitoring
and integrated planning is adopted widely for urban area
monitoring/management.

There is no doubt now a day about the potential of remotely
sensed data for urban information generation and other plan-
ning purposes. For the last forty years it has been regularly
used in India as one of the most advanced method of spatial
data acquisition, information updating and monitoring pur-
poses. It has been used for various operational mapping and
monitoring projects by various organizations under state and
Central Government.

4. HANDLING AND ANALYSING IMAGE DERIVED
URBAN SPATIAL DATA

It is self evident that collecting spatial data without analyzing
them has little merit. Equally, it is obvious that handling large
volume of spatial data necessitates use of new tools. In mod-
ern planning and management information demand is rapidly
increasing. Even though the remote sensing technique is con-
sidered as most advanced method for obtaining spatial infor-
mation; often indeed, the real problem of remotely sensed data
interpretation appear to be problem of data processing or in-
tegrating the photo/image derived data with other attribute
data, once the data is received and interpreted.

For planning and management of urban areas, various hard-
ware and software are developed which are easy to install and
cost effective for small organizations. Secondly quick map
generation as per user need, map updating and manipulation
options; facilities to use photo/ image derived data; analytical
options like data quantification, combination, comparison,
cross tabulation and catchment area analysis and statistical
analysis of spatial data along with other data types makes
computer a useful tool in planning and decision making.

One of the ways to associate the spatial data with other types
of data for obtaining desired information for urban area man-
agement is the use of geo-information system. A GIS system
contain mainly from major components.

. Database structure
o Ph.D Scholar,Departmrnt of Geography, Utkal Universi- ¢ Input routines
ty, Bhubaneswar,Odisha,India-751004 E-mail: ashis.pathy @gmail.com ° Output routines
o Professor,Departmrnt of Geography, Utkal Universi- o Analvtical H
ty, Bhubaneswar,Odisha,India-751004 E-mail: gopalkrish- halytical operations
na_panda@yahoo.co.uk
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Essentially any GIS contain two types of data i.e. spatial ob-
jects or entities. Often stored in various layers of maps and
attribute data that describe features related to the spatial
Objects.
As urban area management requires integration and modeling
of large volume of spatial and attribute data, computers are
widely used now days for status survey, database develop-
ment, monitoring, modeling and impact analysis and forecast-
ing.

5. STUDY AREA

The capital city of Orissa- Bhubaneswar is located between
20925'N latitudes and 85°55’E longitude on the western fringe
of coastal plain across the main axis of Eastern Ghats in Khur-
da district of Orissa,India. The city lies on the low lateritic pla-
teau and the erosion has made its topography a valley-and-
ridge one, having series of drainage channels. The average
elevation is 46m above MSL and morphologically it lies in the
Deccan upland of Gonwana origin.

LOCATION MAP

6. URBANISATION TREND OF BHUBANESWAR CITY:
1951. The population of Bhubaneswar was only 16,512 and
increased to 38.211 in 1961. The city registered the highest
increase of about 131 percent during the decade 1951-1961
owing to the shifting of the Capital City of the State from
Cuttack to Bhubaneswar during the year 1954.The population
growth rate of Bhubanerswar city during 61-71 and 71-81 was
highest and second highest in India respectively. The growth
rate is highest in all the three decades (61-81) in the state and
among the cities constructed after independence of the
country. Table no-5 shows the area, population, population
Growth and population density of Bhubaneswar city.

Table 1 Area, Growth and Pop. Density of Bhubaneswar
Municipality, 1951-2008

Population | Decadal |Area Density
Census
Year Growth | (sq. per sq.
(%) km) km
1951 16512 2590 638
1961 38211 131.41 50.25 760
1971 105491 176.07 65.03 1622
1981 219211 107.80 9291 2359
1991 411542 87.74 12474 |3299
2001 648032 57 46 13500 | 4800
2008 1080000 66.65 14660 |7357

Source: Census Reports of Govt, of India; 1951 -2001 and
Newsletter of BMC (Aahwan); CDP Report of IIT, 2009

The existing and projected population of Bhubaneswar De-
velopment Plan area as depicted in CDP report of Bhubanes-

war by Govt. of Orissa in 2008 is given below.

Table 2 PROJECTED POPULATION OF BDPA AREA

Administrative ~ Area

Population ~ Population ~ Population  Density 2001

Density 2008  Density 2030

Area (SqKm) 2001 2008 2030 (Popn./SqgKm)  (Popn./SqKm  (Popn./SqKm)
BMC 146.60 | 658220 1080000 | 2000000 4484 7357 13624
Khurda 29.19 42695 59000 150000 1463 2021 5139
Jatani 25.74 57957 70000 130000 2252 2720 5051
BDPA Rural | 217.37 98534 163200 720000 453 751 3312
Total BDPA  419.10 857406 1372200 30,00,000 2046 3274 7158

Source: Census of India, 2001

7. DATABASE USED

e Aerial Photographs of 1974 (Scale=1:25,000), March
1989 (Scale=1:4,000),

o satellite data of 1981 (MSS), 1985 (TM), 1997(IRS1-D),
2000(Resourcesat/IRSP6), 2005 (Cartosat, Quick Bird),
2009(Cartosat)

e Planning Dept. maps (Dir. Of Town Planning and
BDA) of 1956, 68, 1974,SOI Topodata of 1930, 1981 etc.
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8. METHODOLOGY

Remotely sensed data are visually interpreted and use to Population
prepare urban area maps and Arc GIS-10 package was used
for inputting, storage, analysis, processing and map genera- | ! O Opserved
tion. Various other maps from Planning Dept, Odisha — Exponential
(1956,1968), Census office are also used for the sprawl study.
The Maps prepared by Remote Sensing techniques are stored 800000007
in the computer and modeling analysis was done by various
GIS analytical capabilities and SPSS Package. The methodol- ;1000004
ogy flow chart is given in Fig.1.
400000.00
Figure- 1
GENERATION AND MANAGEMENT 200000.001
INPUT DATASET e o =" 7
‘ | I 0l(1)820.00 194:).00 196:).00 198:).00 200:).00 202:).00
TOPO MAPS l PLANNING DEPT. MAPS| SATELLITE IMAGERY Year
l l l Fig.2 Population growth of Bhubaneswar city
| 1930.1974.1990 | | 1956.1968 | ’ 1981.1985 1997.2000.2005.2009|
URBAN AREA GROWTH TREND ANALYSIS
| GEOREiRENcmG ]_.I UNKAGES ATTRIBUTE AND SPATIAL The urban area maps of 1930, 56, 68, 74, 81, 85, 1990, 1997,
l 2000, 2005 and 2009; prepared by the above process were digi-
[ oisoamasase creaton | tized and GIS data base is generated. The aerial extent of ur-
l ban area in different periods is given in table 3. The Arc-GIS
Analysis package and SPSS sw was used (mainly the statistical sub-
(Roac, Dreinege, Secton Catchment Bufter &9 modules) to study the relationship between urban area growth
l with respect to time period. The following mathematical rela-
SPRAWL MAPS tionship was observed between two variables.
CHARTS
y=ao+a, *x+atx2+....

Where, for the second order polynomial the values of
the coefficients are as follows.

9. ANALYSIS & RESULTS a0 = 30259 a, =-159.66
a = 228
POPULATION GROWTH TREND ANALYSIS And Standard deviation =466.4 and Correlation = 0.93

Tthe population growth of Bhubaneswar is very high among
various capital cities of India. It is a fast growing city as per as
population is concerned. Table 1 shows the population growth
of city since 1921 to 2010.

The population growth v/ith respect to time period can be ma-
thematically expressed as follows. (Correlation 0.92)
y=m*X+cwherec=1144 m=-4147.19 & S.D. =1025

oo y=actal *x+a*x2+as*x®

ao=23025.9 al =-159.6 a2=2.28 and S.D. =466.4
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Table-3 URBAN AREA GROWTH OF BHUBANESWAR SECTORAL GROWTH OF BHUBANESWAR CITY
CITY

URBAN GROWTH AND POPULATION GROWTH
Fig.3 Urban area growth of Bhubaneswar city

The urban area in diffarent city directions are analysed by GIS
union and buffer analysis technique. (Fig.-4)

Sectoral Urban Growth, 1930-2009
YEAR |URBAN % POPULATION |%
AREA IN|GROWTH GROWTH 30907
HECT.
1930 1049 8940 2500
1956 1654.9 1478 274000 206
1968 2237.9 35 85,000 210
1974 32342 45 145000 71 2000 - e NEL
1981 4077.7 26 219211 51 s = NE2
1985 5091.8 25 300000 37 £ Nw1
1990 | 5767.1 13 3,92000 31 £ 1500 e
1997 5958 331 5,50000 40 H e sW2
2000 6524 9.4 6,35000 15 5 ——SE1
2005 8052 234 8,00000 26 1000 4 —SE2
2009 8600 7 9,80000 23
500
Urbanarea 0 T T T T T T T T T T |
1930 1956 1968 1974 1981 1985 1990 1997 2000 2005 2009
12000.00— 2 Observed Year
Fig.4 Growth of Bhubaneswar city in different direction
8000.00—
The city has a high growth trend in Northwest (along the NH
] towards Khurda) and Northeast direction (along Chandrasek-
4000.00 harpur-Patia) from 1985 onwards.
2000.00—
JRN A GROWTH ALONG ROAD CATCHMENT

T T T T
1920.00 1940.00 1980.00 2000.00 2020.00

Year

The table 4 depicts the urban area growth in 4 major roads
radiating from city central area ie NH5, Khandagiri-
Chandaka road, Jayadev vihar to Nabdankanan road and NH-
203 to PURI. A network map was prepared showing the above

The correlation study made above explains the urban sprawl
trend. During the first three decades of capital construction,
population is four times the urban area growth and became
proportional during 1968-74, But from 1981 onwards the rate
of area growth is constantly increasing whereas the
population growth is decreasing. Again after 2005 the
population growth and urban area growth are proportional.

roads and its catchment area. Catchment areas around the
transportation networks were generated at the intervals of 0—
1kand 1—2 km.

IJSER © 2012
http://www.ijser.org



International Journal of Scientific & Engineering Research Volume 3, Issue 6, June -2012 6

ISSN 2229-5518

Table-4 Urban Area Growth of Bhubaneswar City along the
Road Catchment.

C\Y 2009 2005 2000 1997 1990
1km | 632375 | 515430 477724 | 405648 | 3514.51
2km | 3917.85| 313455 | 267932 | 241213 | 2069.66

C\Y 1981 1974 1968 1956 1930
lkm | 2367.74 | 182952 | 1230.84 724.85 68.63
2km | 1381.58 | 1087.49 827.76 808.40 54.99

The data above indicates urban growth is more along 1 km of
catchment, than away from 2km from the major transportation
networks.

CONCLUSION

Monitoring and quantification of urban spatial growth can be
successfully carried out by the help of multidate, multi-sensor
remotely sensed data along with historical data by using a geo
information system. Multidate remotely sensed data can pro-
vide (depending on the definition of urban area) the extent of
urban area (gross estimates in case of low resolution satellite
data); which is very much essential for monitoring the urban
growth.

URBAN SPRAWL MAP OF BHUBANESWAR DEVELOP-
MENT AREA

GROWTH OF BHUBANESWAR CITY
) (}r\o‘m 1930 - 2009 )

N )

1930 - Survey of India Map

1956 - Directorate of Town Planning Map

1968 - Directorate of Town Planning Map

—

1990 - Aerial Photograph 3 Kilometers

2009 - Satelite Imagery
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