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Abstract

Quantification of urban expansion helps us to understand human induced effects on the environ-
ment in a temporal scale. Growing urbanization in Bangalore has resulted in demand for more
space and resources. Since last 15 years the landuse and landcover of Bangalore area has been
changed drastically due to increase in settlement, urban infrastructure, opening of roads and me-
tros etc. Using geospatial tools, we studied the changes in landuse and landcover over 19 years
(1992-2011) of period and changes in transport network over 41 years (1970-2011) in parts of
Bangalore. Thus, the current study shows that the built-up area has been increased drastically,
tree cover areas have been converted to agricultural lands and agricultural lands to built-up areas
due to urbanization. There are also changes in drainage pattern, transport network and en-
croachment of water bodies. Thus the whole environment is getting affected adversely due to un-
planned and rapid urban sprawl.
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1. Introduction

Land Use (LU) Land Cover (LC) change is also known as land transformation. The modification of lands by
human being has started from the dawn of civilization for their basic needs, but the current rate of LU pattern is
leading to more negative impacts on the environment. Rapid growth of urbanization and developmental activi-
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ties are the main threats to the natural ecosystem. Due to the demand for more space, the LC of the earth has
been changing rapidly into several human LU practices such as built-up areas, commercial spaces, transport
network etc. The knowledge of LU and LC has become increasingly important as the National plans to over-
come the problems of haphazard, uncontrolled development, deteriorating environmental quality, loss of prime
agricultural lands, destruction of important wetlands, and loss of fish and wildlife habitat [1].

Both population growth and urbanization are interlinked and continuous phenomenon, so in the present sce-
nario there is an urgent need for proper planned development, so that the ecosystem in and around the urban
fringes can be saved. The study of LU-LC change analysis has been given more importance after the develop-
ment of Remote Sensing (RS) technology since 1980’s. LU study until the late 60°s and early 70’s has been
based on conventional surveys which are very expensive and time consuming. The remotely sensed data from
space borne sensors provide repetitive coverage and data in digital form which is amenable to computer analysis
using GIS [2]. To quantify the amount of changes in land from one form to another, the advanced technology of
geospatial analysis (RS and GIS) in temporal domain has given a significant contribution to the world. LU/ LC
change has also tremendous effect on water quality, land and air resources, ecosystem processes and function,
and climate [3]; biodiversity [4], soil degradation [5] and the ability of natural systems to support life [6]. There
are a number of international research projects on dynamics of LU/LC analysis. Some of the examples are The
International Geosphere-Biosphere Project (1988) and the LU/LC Change program which were initiated in a bid
to construct an updated and accurate database concerning observed changes, their meaning, pace, magnitude and
driving forces behind such changes [7]. Quantifying the changes in the landscape is very important for clear un-
derstanding of the spatial and structural variability in the LU and their associated ecological effects [8] [9].

Pertaining to the growth of Bangalore City, some studies have been done. [10] analysed the changes in land
use and land cover pattern using both historical maps and RS imagery. Bangalore urban district LU mapping and
LC assessment was carried out jointly by Indian Space Research Organization (ISRO/DOS) and Karnataka State
Remote Sensing Agency (1996-2002) as a prototype study for Natural Resources Census (ISRO/KSRSAC,
2005). A comparative assessment has been done by [2] on population, economy, urban sprawl in both Bangalore
and Hyderabad cities to analyse the land use changes. Bangalore, which is also known as the city of lakes, gar-
den city and pensioner’s paradise, over the period of time, has grown significantly both in technology and ur-
banization and has been named as “Silicon Valley”. Bangalore city was awarded “Indira Priyadarshini Vruksha
Mitra” by the Central Government in 1980 for its extensive green cover. But today lung space is shrinking in the
city and the core areas have lost green cover with increase in concrete structures [11]. The vastly growing popu-
lation will turn Bangalore into a “concrete forest” within a time span of 15 - 20 years. This study was conducted
to review the past and present situation and trend of urban expansion in part of Bangalore district. The objective
of the present study is to analyse the quantity of change of LC into different LU patterns over 19 years period
and also changes in transport network and drainage pattern over 41 years of time period by using geospatial
technology.

2. Study Area

Study area is situated at Latitude 12°53'53" and Longitude 77°23'46" of Bangalore district of Karnataka state
(Figure 1). The study area consists of 31 villages. The area is chosen in such a manner that, the impact of ur-
banization can be studied very clearly. The area is segregated into three different zones on the basis of develop-
mental activities. These zones are already developed Sir Mokshagundam Visveswaraiah Layout (SMVL), de-
veloping layout Nada Prabhu Kempegowda Layout (NPKL) and yet to develop i.e. Green Belt (GB) area
(Figure 2).

3. Materials and Methods

For the current study Arc View 3.2a and Quantum GIS 1.6.0 softwares are used. Toposheets of 1:50,000 scale
used to quantify the past roads, drainages, water bodies etc. Landsat data and Aster data were used for landuse
(LU)/landcover (LC) classification, current road network, drainage pattern analysis, water bodies and for LU-LC
change analysis.

Toposheets of 1970s were scanned and then georeferenced. After georeferencing, on screen visual interpreta-
tion method was followed to create zone maps (NPKL, SMVL and GB), drainages, water bodies, roads, rail and
settlement maps. For the current status of water bodies, drainages, road and settlements satellite imageries were
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Figure 1. Study area.

Areain Percentage

GB
23%

Figure 2. Area covered by different zones in the study area.

digitized and used for further analysis. For changes in land use land cover pattern, Landsat data of 1992, 2000
and Aster data of 2011 were used. On screen visual interpretation method was followed to create the LU/LC
maps of 1992, 2000 and 2011. The image elements that are considered for interpretation are tone, texture, size,
shape, shadow association and physiography. Google earth data and information collected during the field work
are taken for the classification of images into different classes. The interpretation key and field knowledge were
utilised for the preparation of LU/LC maps. Intensive field work has been carried out to collect the GPS loca-
tions of all the water bodies big to small which are locally named as kere, katte and kunte and also other features
and then same was verified on the prepared maps.

To know the gradient of the area, contours are digitized from toposheets and Digital Elevation Model was
prepared using Quantum GIS software.

Water spread areas for major water bodies were mapped for two seasons (summer and monsoon) by using
GPS tracking method. The water spread area was mapped to know the seasonal reduction in water spread area.

4. Results and Discussion

In the entire study area a total of 117 water bodies were identified which includes very small to large water bod-
ies. Out of these 117 water bodies, 36 are not existing and 81 are existing water bodies. According to the con-
nectivity of drainages to the lakes, a buffer of 2 km from the study area boundary was taken into consideration
while doing the analysis. The general drainage pattern of the study area is from the North to the South. The main
rivers are Arkavathi and Vrishibhavati rivers. Arkavathi river is flowing in the northern part and Vrishibhavati
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river is flowing in the southern part of the study area. Though these two rivers are flowing outside of the study
area, all the drainages are tributaries of Vrishibhavati river. The direction of flow of water is from the north to
south as the northern part is having high slope as compared to southern part. The numbering of the streams done
by following Strahler stream order (Figure 3) based on a hierarchy of tributaries [12]. The order of drainage in
the present area is up to 4" order. 1% and 2" order drainages are the minor drainages whereas 3" and 4™ order
drainages are the major drainages.

4.1. Quantification of Urban Expansion

Bangalore was established during 1537 by Kempe Gowda-I1, by building a mud fort. Within the fort, the town
was divided into Petesor localities such as Chickpete, Dodpete, Balepete, Cottonpete and other areas earmarked
for different trades by artisans [13]. He also built many tanks, temples which have made village Bangalore into a
cultural city. After him, his son Kempe Gowda-11 has developed the city up to some extent. From 1673-1790
A.D., Mughal Kings Khasim Khan, Hyder Ali, Tipu Sultan ruled the area and built it into a small town of five
Kms in circumference. Britishers built many commercial places, railway line etc. Bangalore continued to grow
and several public sector industries were set up from 1940-1970 transforming it into a science and technology
centre. By 1961, Bangalore had become the 6™ largest city in India with a population of 1,207,000. Between
1971 and 1981, Bangalore’s growth rate was 76%, the fastest in Asia. By 1988, the Electronic City had been
developed and Bangalore emerged as India’s software capital. Consequently the 1990’s saw a construction
boom fuelled by Bangalore’s growing reputation as “India’s Silicon Valley”, which saw many young profes-
sionals migrate to the city [13]. This is how the urbanization in Bangalore started and due to all the above said
reasons it is expanding day-by-day and there is increasing demand for space. Urban growth is occurring unsci-
entifically in the whole area, which is encumbering the natural landscape. Bangalore’s population was three
lakhs in 1931 and now the population is more than 80 lakhs (Figure 4).

The above statistics shows the tremendous growth of population in Bangalore city and in order to meet the
growing need, the city area is also expanding to the rural fringes.

4.1.1. LU/LC Mapping

The LU/ LC map has been prepared for 19 years viz, 1992, 2000 and 2011 years respectively. The LU/LC
classes derived are: built-up area, open ground/agricultural land, tree cover area and water body. The map of
1992 (Figure 5) indicates that, the tree cover areas are mostly surrounded along the lakes and the drainages. The
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Figure 3. Drainage pattern and status of water bodies in the study area.

)



P.P.Dash etal

tree covers are continuous and less fragments in 1992. While comparing 1992 and 2000 LU/LC maps (Figure 5,
Figure 6), the result indicates that there is increase in built-up areas from 1.49 to 3.89 sq.km (Table 1). In 2011
(Figure 7), map clearly shows that the urbanization has grown extensively in SMVL and covers 18.22% of the
area. In the last 19 years, it has been observed that open ground/Agricultural land have been decreased from
53.84 sg.km to 50.26 sq.kms. There is almost 10.8% of the tree cover area has been decreased in past 19 years
and at the same time built up area has been increased almost 16.3%. The built up areas which are in small
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Figure 4. Population statistics of Bangalore over 40 years.
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Figure 5. Land use and land cover map of 1992.
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patches have become more prominent and continuous and the tree cover areas are more fragmented.

4.1.2. Transport Network

The result shows that the density of road has increased during last 41 years. It has been observed that most of the
unmetalled roads have been converted into metalled roads and there are more than 30 new metalled roads and
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Figure 7. Landuse Landcover map 2011.
Table 1. LU/LC change analysis over the time period of 19 years.
Land use/Land cover 1992 Area Area 2000 Area Area 2011 Area Area
Type in sg.km in % in sg.km in % in sg.km in %
Built up area 1.49 191 3.89 4.98 14.22 18.22
Open ground/Agriculture 53.84 68.99 52.97 67.88 50.26 64.40
Tree cover 19.52 25.01 18.53 23.74 11.05 14.16
Water body 3.19 4.09 2.65 3.40 251 3.22
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many new unmetalled roads built in the whole study area and one State Highway is passing through the study
area. Four water bodies namely, Mangannahalli lake-1 (10%), Manganahalli lake-2 (5%), Ramsandra Chikere
(40%) and Komgatta lake (15%) are affected due to the construction of NICE road (Figure 8). As a result, areas
of these water bodies have been reduced. Among these fours lakes, Ramsandra Chikere has been affected more.
The number of roads has increased in SMV layout due to urbanization and infrastructure development (Figure 8
and Figure 9). There is one railway line present in the Southern part of the study area. This is the only railway
line present in the study area and there is no further development in railway line in the last 41 years.

4.1.3. Digital Elevation Modelling (DEM)

Digital Elevation Modelling (DEM) has been created by using geospatial technique to know the gradient of the
study area. DEM gives the three dimensional digital representation of a topographic surface. The elevation of
the study area varies from 760 m to 900 m. Herohalli village is at the highest peak and Bhimankuppe, Challa-
hatta villages are with low terrain in the whole study area. It can be clearly inferred that the gradient of the study
area is from the North to South and direction of flow of water is also from the North to South (Figure 10).

4.1.4. Changes in Drainage Pattern
The comparative analysis of drainage pattern of 1970 (Figure 11) and 2011 (Figure 12) gives the inference that
few primary drainages from the Northern part of the study area have disappeared. Disappearance of these drain-
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Figure 8. Road and railway network in 1970.
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Figure 11. Drainage map on the year 1970.
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Figure 12. Drainage map on the year 2011.

ages are observed in Herohalli, Gidadakonenahalli, Mallathahalli, Nagdevanahalli and Valgerahalli villages near
Kengeri village in the eastern part of the study area. Some changes are also seen in the middle part of Kodige-
halli, Sulikere, Kommaghatta villages and in the Western part in Channenahalli and Honniganahatti villages.
The change pattern is seen more in the Eastern part due to urbanization. The construction of roads and buildings
has affected most of these drainages.

4.1.5. GPS Mapping of Water Spread Area

An attempt has also been made to know the seasonal water holding capacity of lakes present with in the study
area. GPS tracking has been done for the water bodies to know the extent of water spread area in both monsoon
(June-August) and summer (Mar-May) seasons. Seasonal water spread area of water bodies of the study area are
tabulated in Table 2. Some of the small water bodies were dried during summer season. The analysis shows
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Table 2. GPS water spread area.

R NS (Aclrzétézt'nta) (Alt\:/ll'g?ézonqa) (A?ltjer?cr;uer:’ta) AT RE B
Herohalli Lake 34.33 13.34 2.7 31
Kannalli Lake 68.09 57.3 6.51 74.59

Kodigehalli Lake 9.25 6.24 1.36 53

Ajjegowdana Katte 3.32 0.15 Dry -

Mallathalli Lake 72.15 57.41 33.15 34
Manganahalli Lake-2 4 2.02 1.45 14
Bhimanakuppe Hosakere 97.08 75.71 11.88 66
Dasappana Kere 5.24 5155 0.05 67
Hunsemaradapalya Lake 13.18 8.65 Dry -

Kenchanapura Lake 17.2 7.43 29 26

Kommaghatta Lake 37.05 29.79 27.28 7
Hosa Bairohalli ~02.00 2.25 1.83 21
Bajjana Katte 2.35 0.1 0.05 2
K.K Hosakatte 2.08 1.46 0.68 38

Margondanahalli Hosakere 46.31 37.97 29.7 18
Gowdana Kere 5.33 6.56 3.24 62

Karab Keire 3.06 0.23 0.01 7

Hosa Katte 2 0.57 0.24 16
Gulganjanaalli Katte ~00.20 0.25 0.05 10
 mmeese  mx w2 waow
Kempuhuli Kere 2 0.5 0.26 12

Basavanapalya Lake 8 3.6 3.06 7

Basavana Katte 4 1.02 0.38 16

Muddayyanapalya Lake 10 243 0.27 22
Halubhavi ~30.00 7.37 1.74 56
Yelchguppe Lake 23.19 125 4.19 36
Bairana Katte 7.35 6.91 4.36 35
Cholana Katte 1 0.49 0.27 21
I Above 100 acres 100 - 50 acres 50 - 25 acres 25 - 10 acres 10 - 5 acres

Ramsandra lake (the biggest lake in the study area which covers 135 acres) has 86.27 acres of water spread area
in monsoon season and has reduced to 19.31 acres in summer season (Figure 13). Bhimanakuppe Hosakere,
Kannali lake, Margondanahalli Hosakere are the three lakes, which have water spread area in the range of 50 -
100 acres. The actual area of Bhimanakuppe Hosakere is 97.08 acres; the water spread area during monsoon is
75.71 acres and 11.88 acres in summer seasons (Figure 14). Likewise the water spread area for Margondana-
halli Hosakere (Figure 15) is 57.41 and 33.15 acres in monsoon and summer season respectively. Table 2
shows that the Kannali lake has highest percentage (74.5%) of water spread area reduction followed by Dasapan
Kere (67%), Bhinkuppe Hosakere (66%) and Gowdana Kere (62%).
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Figure 14. Seasonal water spread area of Bhimankuppe lake.
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Figure 15. Seasonal water spread area of Margondanahalli lake.

5. Conclusion

This study highlighted the urban expansion analysis of Bangalore city by using geospatial technology. The study
has analysed the trend of urban growth which is main driver for current land use and land cover changes. Rapid
economic devolvement, transformation of city from rural to urban and improvement in standard of living in re-
cent decade are the main contributors to the land transformation. From the above study, it is concluded that in
SMV layout the entire area is urbanized and few vacant lands are left. The anthropogenic pressure on lakes is
higher in the SMVL areas as compared to the others (NPKL and Greenbelt area). The most polluted lake is
Bandematta lake in SMVL, which is one of the examples of impact of urbanization on lakes. The city is ex-
panding from the East to West. The layout planning for built-up area is demarketed in SMV layout on ground
and construction work also in progress in many areas. In NPK layout plans are approved and in another ten
years the whole area will be fully urbanized. In the greenbelt area, local houses are there, but not much urbani-
zation comes up. In another 10 - 20 years, the green belt area will also be fully urbanized. [11] suggested that the
amount of transformation that took place in 30 years is taking place just within 5 years i.e. the acceleration of
changes are faster every year. So, the rate of change in ecological spaces and bio-geography of the area is also
faster and negative. There are numbers of examples in Bangalore city where the lake lands (Dharmambudhi tank,
Karanji tank, Samangi tank, Millers tank, Siddikatte tank, Mathikere tank, Binnypet tank, Juganhalli tank, Chal-
laghatta tank, Koramangala tank, etc.) had converted into built-up areas, commercial spaces, as a result of ur-
banization. Therefore, before the growth of full urbanization there is an urgent need for proper utilization of land
resources with the application of advanced scientific technologies in order to protect the green cover and water
bodies along with their drainages present in the urban fringes.
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