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1 Introduction

Changing global order towards knowledge driven development has direct impact
on the geographical connotations of cities (Cappellin 2007; Penco 2013). Today’s
knowledge clusters, example, “Silicon Valley” in San Jose, California (Saxenian
1983) and “BioRN” in Heidelberg, Germany (Krauss and Stahlecker 2001) draw
attention to the sprawling urban formations and processes that transform intermediate
settlement space (Isaksen 2006). Post Fordism, the neoliberal agendas facilitated
economic transition towards knowledge economies based on technological innova-
tions (Asian Development Bank 2007). Many scholars consider regional economy
as geographical and economic base for production and, as a result, act as new gate-
ways to generate new economic activities, commodities and services, jobs, and
revenue streams (Den Hertog et al. 2001; Feldman et al. 2005; Florida 2003). In
fact, geographic concentration of knowledge industries and associated institutions
with strong government’s strategic policy choices (Hariharan and Biswas 2020a, b)
reinforces knowledge cities to become global magnets for foreign investments and
human capital (Porter 2000).

Transition from traditional industrial district to innovative milieu, mainly due to
technological advantages, is responsible for the changing spatial and social config-
urations of the region (Maillat 1998). Innovative milieu is a spatial set identified by
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a technical culture with innovative process and optimum location factors (skilled
labour, research centres, airport, pleasant climate etc.) (Maillat 1995) Knowledge
cities are hubs of such innovative milieus where interactions between interdepen-
dent firms and institutions promotes spatial proximity and high-level competitive-
ness (Trippl and Bergman 2014; Tallmann et al. 2004). They assimilate large pool
of skilled labour, local entrepreneurship and globalised markets creating industry-
institution-human capital nexus (Florida 2002; Ergazakis et al. 2006). The notion
of these socio-economic networks mainly explains the stimulated flow of diversity
and cross-fertilised ideas to build new business opportunities deteriorating the old
dynamics of a society, termed as “creative destruction” (Schumpeter 1947).

Therefore, knowledge-based economy is highly criticised for creating spatial
segregation and socio-economic polarisation in the urban milieu (Autor et al. 2003;
Edlund et al. 2015; Stehlin 2015). The influx of inhabitants to the low-income
neighbourhoods due to the employment opportunities (Kennedy and Leonard 2001),
post-secondary institutions (Moos et al. 2018), government’s investments supporting
middle and upper class (Morisson and Bevilacqua 2019) accelerates gentrification
processes.Movement of knowledgeworkers into the city transforms the urban neigh-
bourhoods by communities’ and accelerates cultural displacement with skyrocketing
economic heft in housing and mobility costs (Richardson et al. 2019).

Bengaluru has been recognised as a knowledge city (Hariharan andBiswas 2020a,
b), global outsourcing city (Sengupta 2010) and global hub of tech start-ups (Subrah-
manya 2017). The decennial data of migration reveals a 141% increment in in-
migration due to work or employment in Bengaluru (Census of India 2011). More-
over, the upsurge of 117% in knowledgeworkers during the sameperiod (2001–2011)
to the present count of over amillionworkers in the city (Hariharan andBiswas 2020a,
b), acknowledges the inflow of diverse human capital transforming socio-economic
structure of city’s neighbourhoods.

The chapter aims to explore how the rapid urban growth in Bengaluru has influ-
enced the pattern of gentrification. The study is based on a hypothesis that the emer-
gence of knowledge-based industries in Bengaluru is the prime reason behind its
accelerated urban growth. The objectives of this research are

i. To assess the temporal growth of Bengaluru urban district;
ii. To understand the dynamics of knowledge economy in Bengaluru; and
iii. To identify the patterns of gentrification in Bengaluru.

This book chapter consists of eight sections. Following the ‘Introduction’,
Sect. 2 focuses on “knowledge economy, urban transformation and gentrification”
by reviewing the contextual literature that offers the formation of a knowledge city
and examines the relationship between the knowledge economy and different facets
of urbanism. It also elucidates the concept of gentrification and its different forms
to understand the shift in the demographic, socio-economic, and cultural fabric of
neighbourhoods. Section 3 discusses “Urban growth in Bengaluru” by reviewing
the Bengaluru Urban District (BUD) and emphasises the decadal spatial analysis of
urban growth inBUD. Section 4 comprehends the “Industrial restructuring andUrban
Transformation in Bengaluru” through regional socio-economic profile for a deep
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understanding of the conducive ecosystem of the knowledge economy in Bengaluru.
Section 5 details out the research methodology. Both qualitative and quantitative
methods are applied in this research. Section 6 analyses the patterns of gentrifica-
tion within the neighbourhoods of BUD using the patch-based Landscape Expansion
Index. The section discusses the findings by explaining the extent of different types
of gentrifications based on the classification of three urban growth patterns. The
“Conclusion” in Sect. 7 elucidates the conceptualisation of the research. It reflects
various insights gained by the novel pattern identification process for gentrification
in a knowledge city.

2 Knowledge Economy, Urban Transformation,
and Gentrification

The paradigm shift from “agriculture to knowledge” (Drucker 1992), the process of
deindustrialisation (Penco 2013) and technology based information density (Raspe
and Oort 2006) has developed the production processes creating “knowledge cities”
(Carrillo 2011). The decline in natural resource driven economy, represented as
global agriculture raw material exports in Fig. 1, with an upsurge in the knowledge-
intensive economic activities reveals the transition in global pattern of economic
growth. Figure 2 demonstrates the upscale production in “Information Technology”
(IT) service in four major economies of the world. Thus, wealth creation through
application of human knowledge and creativity is steadily outpacing wealth creation
through extraction and processing of natural resources.

Fig. 1 Timeline for global agricultural raw materials exports
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Fig. 2 IT sector production in 4 economies

The knowledge based economic development model was first introduced by
Machlup and Drucker but surfaced in late 1990s as a “new growth theory” with
knowledge as the key driver of productivity (OECD 1996). Four pillars of knowledge
economy have been identified (Asian Development Bank 2007; World Bank 2007;
ODI 2009). Firstly, an institutional regime that incentivises the knowledge creation
and dissemination with policy based regulatory environment. Secondly, thriving
educated and skilled workforce as human capital for effective knowledge creation.
Thirdly, a vibrant innovation system of government, academia, private sector and
civil society, which can channelize the global knowledge into products valued by
local needs as well as the markets. Lastly, a dynamic information infrastructure that
facilitates efficient flow and access to information and technology.

The contemporary research discussion raises fundamental concerns about concep-
tualisation and interpretation of functional urban hierarchy (Luthi et al. 2012). There
is a need to examine at the interconnection of knowledge-intensive economic activi-
ties at various geographic scales, particularly, due tomorphing of cities into networks
of clusters, characterised by a new functional division of labour providing immense
economic strength (Hall and Pain 2006; Hoyler 2011). Formation of knowledge
clusters is the result of a spatial upscaling of agglomeration economies and a spatial
concentration of global network of knowledge-based economies (Raspe and Oort
2006; Davoudi 2003). These are primarily driven by continual innovation enhancing
productivity due to competitive advantages and fuelled by the supply and demand for
high-quality urban attributes (Porter 1998; Oort 2003). On the supply side, advance-
ments in transportation and telecommunication technology are propelling the growth
of urban environments. On the demand side, spatial requirements of knowledge-
intensive industries drive the concentration of global network economies in large-
scale metropolitan environments. High-quality infrastructures, such as academic
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institutions, large settlements of leading global companies, proximity to interna-
tional gateway infrastructures like airports or high-speed train nodes, as well as the
availability of specialised knowledge, the presence of competitors, business part-
ners, and customers, are all important to knowledge-intensive firms (Porter 1990).
The interaction of these forces produces a highly strategic location-basedKnowledge
city-region, reinforcing socio-economic transformations on a new spatial scale.

The concept of a “knowledge city” is still in its nascent stage but there are several
complementary perspectives to explain the formation of a knowledge city, such as
urban capital systems (Carrillo 2004), regional intellectual capital (Bounfour and
Edivinsson2006), and InformationTechnology (IT) (Komninos 2002).Another inter-
esting concept of integrating people, places, processes and purposes determined by
“knowledge moments” that triggers, and enables the formation of a knowledge city
(Dvir 2005). A “knowledge moment” is a planned or spontaneous human interaction
in which knowledge is discovered, created, nourished, exchanged, and transformed
into an intellectual material that any institution can use to create value (Dvir 2005).
Multitude of escalated “knowledge moments” spurs the city-region into a “space of
flows” highlighting the paramount role of knowledge intensive industries in shaping
the urban growth of the city (Castells 1989). Such growth with high economic perfor-
mance that concentrate wealth germinates social inequality (Glaeser et al. 2009) and
stimulates urban transformations, both structural and spatial (Mattar et al. 2014). The
structural transformations are propelled by the pool of specialised human capital,
easy flow of technological externalities or knowledge spill-overs, increased access
to global markets and conducive policy based regulatory environment (Krugman
1991; Spencer et al. 2010). However, spatial transformations intricate multi-scalar
changes in urban morphologies due to reasonable urban services and high quality of
living standards escalating cosmopolitan urbanism (Penco 2013; Moos et al. 2018).
Figures 3 and 4 explain the formation of a knowledge city and associated urban
transformations in the knowledge city, respectively.

Fig. 3 Formation of a knowledge city
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Fig. 4 Economic and socio-cultural transformations in a knowledge city

Cities also highlight the importance of real estate development enterprises in
meeting the high demand for urban transformations as a place-based strategy to
promote the knowledge economy (Bevilacqua et al. 2017). Knowledge based indus-
tries price out city’s neighbourhood character due to shocks of rising rent and cost
of living. This leads to compromise on location through mobility options, social
character transition of natives and conflict in social dynamics for living conditions.
The incoming of the knowledgeable workforce and skilled migrants to accommodate
as urban milieu automatically creates pressure on the well-functioning neighbour-
hoods through socio-economic restructuring of its character. The problem exacer-
bates with influx of new educational institutions that leads to “youthification” and
further distorting the housing and rental markets (Moos et al. 2018). The knowledge-
based development strategies accelerate the cognitive distances between different
socio-economic groups in city regions, leaving negative externalities of gentrification
as the outcomeof development process. The negative impact of gentrifications assorts
from ‘displacement’ to destruction of community due to the increased sparseness on
housing availability and higher rents (Morisson and Bevilacqua 2019).

The concept of gentrification was first identified by Ruth Glass in 1964, as
the transformation in housing pattern and ownership, changing the physical and
socio-economic urban environments (Glass 1964; Seo 2002; McKinnish et al. 2010;
Meltzar and Ghorbani 2017; Atuesta and Hewings 2019; Cho et al. 2020). This is
a “classical gentrification” where middle class rehabilitates in city’s neighbourhood
displacing working class or indigenous communities (Lees 1994; Kosta 2019). Many
researchers have focussed on the cause of this phenomenon in cities like New York
City, San Francisco, Baltimore, Chicago, Washington D.C. etc. (London and Palen
1984; Cohen 1983; Smith 1996; Richardson et al. 2019). The rent-gap theory, which
is based on the principles of the potential land value and capitalised land value, was
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used by Smith to describe the cause of gentrification (Smith 1996). The term “poten-
tial land value” refers to the value of land that can be realised when it is used to its
full potential. The capitalised land value is the value of the land’s present use (Smith
1996). Smith claimed that, while the capitalised land value is low in older neigh-
bourhoods, the potential land value increases with the prospect of redevelopment for
profit maximisation. Thus, gentrification occurs because of the disparity between the
two divergent land values. Researchers like Ley and Moos argued that the change in
theworkforce to young professionals increased the city’s socio-cultural activities and
fostered gentrification as there was a paradigm shift from manufacturing industries
to knowledge industries (Ley 1986; Moos et al. 2018).

The definition of gentrification has evolved fromRuthGlass’s conventional defini-
tion to amyriad of other definitions, such as rural gentrification and new-build gentri-
fication (Lees et al. 2008). Gentrification can also be defined as “the transformation of
a working-class or unoccupied core city neighbourhood into middle-class residential
and/or commercial use” (Lees et al. 2008). For example, the city of San Francisco
entailed a political-economic reconfiguration to adjust the urban environment to the
knowledge economy’s new demands. Direct displacement, indirect displacement,
exclusionary displacement, displacement pressure, and social exclusion are all kinds
of displacement identified due to the gentrification process (Morisson andBevilacqua
2019). Different forms of gentrification based on their mechanism are synthesised
from various literature and listed in Table 1.

3 Urban Growth in Bengaluru

Erstwhile Bangalore, and present Bengaluru, with an average economic growth rate
of 8.5%, is one of the world’s top ten fastest growing cities (Srinivas 1997; Paul
et al. 2018). It grew out of a tiny settlement founded by a chieftain of Yelahanka
Nada Prabhu dynasty named Kempe Gowda in 1537 A.D. (Kamath 1990; Nagendra
et al. 2014). Bengaluru grew from a small 18-square-kilometer town to 737-square-
kilometer metropolis in 2016, and it is continuously expanding (Annaswamy 2003;
Bengaluru Development Authority 2017). Bengaluru is India’s fifth largest urban
agglomeration (Registrar General and Census Commissioner of India 2011). It is
known as a high-tech industry centre and the home of India’s highest number of IT
firms and thus earning the designation of “India’s Silicon Valley” (Britton 2017).
The increasing worldwide recognition as the most dynamic city has made Bengaluru
home to citizens from every state and diverse nationalities (Kelly 2017).

India is a popular Global Capability Center (GCC) location, with 25–30% of
Fortune 500 companies establishing GCCs in the country (Pabari et al. 2021).
Bengaluru is India’s leadingGCCdestination, accommodating 34%of India’sGCCs.
Bengaluru accommodates 33% of India’s tech expertise. Almost 44% of themigrants
moving to the city have tech skills, compared to only 12% in Delhi and 11% in
Mumbai (Dharma et al. 2020). The ratio of engineering colleges to the population
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Table 1 Types of contemporary gentrification

Type of gentrification Definition Features

New-build gentrification The process of demolition/reconstruction
activities, as well as new developments
of infill housing or corporate
developments (Davidson and Loretta
2005; Rerat et al. 2010)

• Reinvestment in capital
• Social upgrading of neighbourhood by
higher income groups

• Occurs near or within existing
communities, a higher potential for
conflict between long-term residents
and newcomers

• Direct or indirect displacement of
low-income groups

• Landscape change

Retail upscaling The process that changes area’s retail
composition by ‘boutiquing’ of
streetscapes (Zukin et al. 2009) and
supermarkets that appeal to high income
group consumers (Sullivan 2014)

• Development of selective
product-based consumerism

• Inequitable distribution to retail access
due to high prices

• Unable to serve low-income residents

Tourism gentrification The phenomenon of changing area’s
historical ethnicity by commercialising
ethnic cultures to promote tourism-based
consumerism (Gotham 2005; Hackworth
and Rekers 2005; Burnett 2014)

• Use of business improvement
techniques to package ethnicity of
neighbourhoods

• Escalated housing prices due to
changes in residential and commercial
real estate

• Transition in focus from ethnic
population to tourist population,
creating a sense of exclusion and
alienation in ethnic residents

Peripheral gentrification Process of gentrification promoting
restructured housing on the peripheral
locations (Uitermark and Duyvendak
2007; Bridge et al. 2012)

• Affluent social housing in a
low-income neighbourhood

• Increased population density due to
multi-storeyed buildings

• Varying socio-economic mix of
residents

Transit oriented gentrification The gentrification aided by the
characteristics of transit proximate
neighbourhoods (Ong et al. 2014;
Chapple et al. 2017)

• Changes in employment profile of the
neighbourhood due to accessibility

• Increase in commercial and residential
property values

• High risks to pedestrians and bicyclists
as these areas attract major vehicular
traffic

Residential-commercial gentrification The phenomenon of conversion of
residential housing to cafés, restaurants,
big retail outlets, and apparel stores
(Yoon and Park 2018; Cho et al. 2020)

• Mounted rent and property value
• Transformation in composition of
residents and character of place

• Large chain stores may disrupt social
bonds and cohesiveness

• High competitiveness in the area

(continued)

in Bengaluru is five times that of Delhi and 1.7 times that of Mumbai (Accel Part-
ners 2019). Bengaluru Innovation Report 2019 highlights that the state capital of
Karnataka is India’s most millennial-friendly city, with strong employability rates
and even being the best choice for women, and 37% of the population belongs to the
age group of 15–35 years (Accel Partners 2019). Bengaluru’s comparative advantage
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Table 1 (continued)

Type of gentrification Definition Features

Rural gentrification The transformation of former agricultural
areas and other greenfield into new
developments and the “subsequent
displacement” of working-class rural
residents because of rising local land and
housing process (Philips 1993;
Hackworth and Rekers 2005)

• Change towards peri-urbanisation
• Growth of “marginal gentrifiers”
• Asymmetries in class positions of
householders

• Change in role of workforce and
lifestyles

Source Compiled by authors

in India’s IT industry stems from crucial determinants, including favourable govern-
ment policies, a high-quality workforce, and the availability of research laborato-
ries (Subrahmanya 2019). The report further emphasised that the city has recorded
more tech start-ups establishment since 2016 than Delhi and Mumbai combined.
It has about 800 colleges, with over 100 of them being engineering colleges. The
Indian Institute of Science (IISc), Indian Institute ofManagement Bangalore (IIM-B)
and other important academic institutions are also located here. Every year, these
educational institutions producemore than 90,000 engineering graduates (TheHindu
2018).

The Bangalore Urban Agglomeration (BUA) has more than doubled its share
in the urban population of Karnataka, rising from 17.66 to 35.96% during 1951 to
2011. Since 1951, the population of the Bangalore Urban Agglomeration (BUA)
has expanded by 11 times, with a 4.05% Compound Annual Growth Rate (CAGR)
(Sudhira et al. 2007). The population growth for BUD and BMR reflects this rise.
According to a comparative analysis of 25 global cities, Bengaluru is on a fast-
growth trajectory. Compared to cities in the United States, where urbanisation is
constrained in the core, significant spatial expansion in Bengaluru is seen in the
city periphery (Schneider and Woodcock 2008). It is transforming from a mononu-
cleated to a polycentric growth pattern, with rapid growth occurring in multiple
periphery areas (Shaw and Satish 2007; Taubenböck et al. 2009). The BMR’s growth
pattern is characterised by Bengaluru City as the urban core. Four growth events have
contributed to Bengaluru’s transformation from a town to a metropolis. Firstly, the
State Capital was relocated to Bengaluru from Mysore after India’s independence
(Raman 1994). Secondly, integration of the Cantonment with the city in 1949 (Verma
et al. 2017). Thirdly, establishment of major Public Sector Undertakings/Higher
Education Institutions (Subrahmanya 2017; Manimala 2017); and fourthly, devel-
opment of IT/ITES/Biotech based Knowledge industries (since 1980s) (Hariharan
and Biswas 2020a, b). The continual flow of immigrants from surrounding areas
and other regions to Bengaluru has resulted in the region’s urban growth. According
to Census 2001, almost half of the population (45%) was classified as immigrants
(Bengaluru Development Authority 2005).

The Bengaluru Metropolitan Region (BMR) is composed of three districts
in Karnataka’s Bangalore Revenue Division: Bengaluru Urban District (BUD),
Bengaluru Rural District (BUR), and Ramanagara. BMR is 8005 square kilometres
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Fig. 5 Urban growth in Bengaluru urban district and major nodes in the area

in size (Bengaluru Development Authority 2017). The study area for the research is
Bengaluru Urban District (BUD). Talukas in the BUD comprises North, South, East
and Anekal. Figure 5 represents urban growth in BUD from 1991 to 2021. It has been
analysed by assessing Remote Sensing (RS) data1 in the geospatial software tool of
ArcGIS. The method used for determining the urban growth is a pixel-based analysis
using supervised classification. The total area of BUD is 2236 square kilometres. The
urban area in BUD has significantly increased from 13.06 to 38.55%. The direction
of growth is towards North-Eastern side in 2021, but it was towards South-Eastern
side in 2001 and 2011. Figure 6 highlights all the satellite towns that have been
engulfed by the core like Jigani, Kengerim Yeshwanthpur and Yelanhanka and even
the small urban nodes have developed forming a radial network, including Anekal
on Hosur Road, Bidadi & Ramanagara on Mysuru Road, Hoskote on Old Madras
Road, Devenahlli on Bellary Road, Neelmangala and Dobaspete on Tumukuru Road
(Sen 2013).

1 Satellite images used for 1991 and 2001 are Landsat 5 (30 m), for 2011 and 2021 is Landsat 8
(30 m).
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Fig. 6 Location of Bengaluru metropolitan area and satellite towns in the area

4 Industrial Restructuring and Urban Transformations
in Bengaluru

Bengaluru has been recognised as the fastest growing urban regions within the
country. The growth is attributed to the knowledge based industrial structure, an
influx of specialised human resources, establishments of public sector companies and
research and development (R&D) units (Subrahmanya 2017; Hariharan and Biswas
2020a, b). The network of “100 higher educational institutions” and conducive indus-
trial environment promoting “small-scale and large-scale non-polluting industries”
has favoured the city to become the hub of knowledge and innovation (Srinivas 1997;
Manimala 2017).
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Bengaluru’s economy diversified from trading during the British period to Public
Sector Undertaking (PSU) enabled manufacturing to the recent shift to IT/ITES
industry. Bengaluru began as a trading centre from the Petta region in 1537, and in
the 1800s, it developed after being designated as aBritish cantonment and administra-
tive headquarters (Pani et al. 2010). Before 1940, the major industries contributing
to Bengaluru’s economic growth were Binny Mills, United Breweries, Tata Silk
Farm (Basavangudi), Government Soap Factory (now Yeshwanthpur), Minerva
Mills, Indian Tobacco Company (Cox Town) and Government Porcelain Factory
(Bengaluru Development Authority 2017). The government extensively invested in
big public sector enterprises such as Hindustan Machine Tools (HMT), Bharat Elec-
tronics Limited (BEL), Bharat Heavy Electricals Limited (BHEL) and Hindustan
Aeronautics Limited (HAL) between 1940 and 1960 (Sen 2013). Rajajinagar and
Dyavasandra industrial areas were established around the 1960s. Electronic City
was founded in 1978 to encourage the development of electronic companies, and it
has since grown one of the leading IT hubs in the world (Basant 2006).

Termed as the “Silicon Valley of India”, Bengaluru metropolitan region has
witnessed its regional development since the 1980s. The offshore development centre
of Texas Instrument, established in 1985, strongly enabled the local software firms to
serve as an IT interface between Indian knowledge and global technological devel-
opments (Plechero et al. 2020). Liberalisation strategies of the government for the
knowledge-based sector in the 1990s increased the organisational network and capi-
talised on the growing outsourcing business from theWest, especially Silicon Valley
(Chatterji 2014). Globally, Bengaluru is among the most favoured knowledge cities
and accommodates India’s 40% IT based knowledge industries (Dezan Shira&Asso-
ciates 2019). Population increased from 0.22 million in 1901 to 9.59 million in 2011
because of the evolution due to knowledge-based industries (KBIs) (Hariharan and
Biswas 2020a, b). Immigration of skilled and unskilled labour into the industrial
estates amplified the sectorial specialisation and thickened the multi-cultural envi-
ronment (Sudhira et al. 2007). Nascent evolution of Bengaluru as the hub of an
entrepreneurial ecosystem has embarked geographic concentration of human capital
and many knowledge-based industries (Subrahmanya 2017). The elements involved
in determining the formation of Bangalore as a Knowledge city is described in Fig. 7.

The economic development of Bengaluru as a knowledge city can be stated
through its knowledge-based structures, the efficiency of institutions, the density
of public and private organisations and the level of networks among these agents.
The BengaluruUrbanDistrict (BUD) accounts for themajority of Karnataka’s “gross
state domestic product” (GSDP). BUD alone contributed 1.73% to India’s GDP and
34.36% to Karnataka’s GSDP in 2014–2015 (Bengaluru Development Authority
2017). 14.97% of the employment share is dedicated to knowledge-based industries
(KBIs). The areas with the highest concentrations of KBIs include Peenya, White-
field, Electronic City, and areas of Bommasandra and Jigani (Bengaluru Develop-
ment Authority 2017). The Electronic City in Bangalore is a key attraction that
has prompted companies to congregate in the vicinity. Industries may be found
throughout the entire stretch of NH-7 from Electronic City to Attibele and beyond,
all the way to Hosur in Tamil Nadu. Manimala (2006) observes from the cluster
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Fig. 7 Elements of knowledge economy in Bengaluru

classification that the city’s expansion may be segmented into four distinct periods
of spatial development (Manimala 2006; Hariharan and Biswas 2020a, b). The four
phases of spatial development of Bengaluru’s knowledge city have been detailed out
in Table 2.

Domestic start-ups andmultinational corporations established offices in their own
houses and commercial premises within the Central Business District (CBD) or
surrounding locations, dependent on the firm’s affordability during the first incu-
bation period. The gradual shift of concentration of KBIs from CBDs towards the
Electronic city situated on the Southern side of the city was witnessed in the Nucle-
ation phase. The development of ITPL was one of the prime reasons for peripheral
growth during the Y2K boom and dot com phase. Due to the low cost of real estate,
many technology parkswere established between theElectronic city and ITPL,which
led to peripheral agglomeration. The establishment of the new international airport
in 2008 shifted the direction of developmental activities of KBIs to the Northern
direction of the city. IT/ITeS sector of KBIs accounts for 55% of the total demand
of Bengaluru’s real estate market and the average price increase in Bengaluru’s resi-
dential areas. The approximate price increase is 23% from 2016 to 2020, which is
greater than the average price growth in all other major cities, including Delhi NCR
(18%), Mumbai (22%) and Pune (17%) (Ghosh and M 2020). The Southern side
of Bengaluru includes Kanakapura, Bannergatta, Electronic city, Jigani, and Eastern
area comprising Hoodi, Marathalli, Old Madras Road, Whitefield, Mahadevpura are
most preferred by IT professionals (Sheikh et al. 2017).

The influx of huge human capital due to KBIs in new and old residential areas
has resulted in various types of gentrifications. The present study has identified three
types of gentrifications in the Eastern and Southern sides of the Bengaluru Urban
District.
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Table 2 Phases of spatial development of Bengaluru

Phase of development Time period Major events

Initial phase 1980–1991 • Establishment of Texas instrument in
Bengaluru as the 1st MNC of India in
1985 (Kar 2016);

• Central and regional governmental
favourable liberalisation policies from
1991, for example, setting of Software
Technology Park of India in Bengaluru
in 1991 (Srinivas 1997; Saxenian 2001)

Nucleation phase 1991–1996 • High speed data connection links
(Kumar 2014);

• MNCs of US and Europe setting up
their different units of operations in
Bengaluru (Balasubramanyam and
Balasubramanyam 2002);

• Establishment of Information
Technology Park Limited (ITPL) in
Bengaluru through a collaboration
between India and Singapore (YEOH
and David 2005)

Y2K boom and dot com bust phase 1996–1999 • Growth of comprehensive gamut of
services, especially outsourcing
services offered by IT companies in
Bengaluru across the world (Saini
2019)

Peripheral agglomeration phase I 2000 -2008 • Investment in infrastructural facilities
like peripheral ring road boosted the
growth of the high-tech
knowledge-based development
between Electronic city and ITPL
(Kalra 2006)

Peripheral agglomeration phase II 2008 - Present • Decongestion strategy through
development of new international
airport to mobilise the concentration of
companies (Hariharan and Biswas
2020a, b)

Source Compiled by authors from (Hariharan and Biswas 2020a, b)

5 Research Methodology

The study takes the help of temporal and consequential policy evaluation method-
ology to build the foundation of the research (Haralambos et al. 2013). It follows an
integrated approach of qualitative and quantitative methods. The qualitative method
allows gathering in-depth insights through participant observation, literature reviews
and experiencing social reality, whereas the quantitative method enables analysing
spatial data (Brannen 1992; Duffy and Chenail 2011). These study areas/clusters are
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Fig. 8 Representation of Identified clusters in the study area

delineated based on three basic methods—reconnaissance survey, major transporta-
tion networks and direction of urban growth. Figure 8 exhibits these clusters in the
BUD study area.

Many diverse fields, such as urban planning, landscape ecology, and urban
modelling, have examined urban growth and development patterns extensively (Reis
et al. 2015). Urban transformation such as gentrification can be described through
analysing the spatial patterns of urban growth for a specific period (O’Sullivan 2002).
The research uses pattern identification of different types of gentrifications through a
patch based Cellular Automata model. Three patterns of gentrification are identified
in the study area: new build, peripheral and rural. These patterns can be categorised
according to their respective features, as mentioned in Table 1. New build gentrifi-
cation is depicted by infilling type of pattern where new urban areas fill in the gaps
between existing urban areas (Liu et al. 2010). The pattern of peripheral gentrifica-
tion is demonstrated as an expansion of new urban areas towards the urban edge of
existing urban areas as urban fringe development (Forman 1995; Liu, et al. 2012).
Rural gentrification reflects the pattern of outlying character referring to minimum
spatial connection with existing urban areas (Xu et al. 2007; Liu et al. 2010). The
landuse/landcover data is procured from the USGS Earth explorer.2 The temporal

2 The United States Geological Survey (USGS) developed the EarthExplorer (EE) user interface,
which allows users to search, browse, export metadata, and download data from satellite, aeroplane,
and other remote sensing inventories online.
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assessment of the remote sensing data for 2001, 2011 and 2021 are procured from
the Landsat imageries.3

The major prospect of the study lies in the method of quantifying the pattern
identification of urban growth. The study has adopted a patch-based method over a
pixel-based method an many pixel-based analysis methods like Landuse-Landcover
(LULC) classification examine each pixel’s spectral characteristics of within a region
of interest without taking into account any spatial or contextual information (Weih
andRiggan 2010). The fast pace of urbanisation requires amethod of analysis that can
help identify the accurate pattern of urban growth (Lei et al. 2021). Many scholars
have preferred patch-based analysis because of the growing number of clustered
urban patches in a metropolitan area (Meentemeyer et al. 2013; Moghadam et al.
2018; Lei et al. 2021). A patch is a group of neighbouring cells representing a single
land-use unit, but their attributes may differ (Wang and Marceau 2013). Landscape
Expansion Index (LEI) has been utilised as a tool for patch-based analysis. It is
critical to determine the neighbourhood rule that should be used to integrate pixels
into patches. The study follows 8-cell neighbourhood or Moore neighbourhood rule
that shares an edge or corner (Lei et al. 2021). LEI was proposed by Liu et al. (2010)
where the classification process is based on the LEI in a buffer area around the new
gentrified urban patches. The equation is as follows:

LEI = 100× A0/(A0 + Av) (1)

– LEI refers to Landscape Expansion Index of a new gentrified urban patch;
– A0 is the intersection of existing urban patches and new gentrified urban patch’s

buffer area;
– Av is the intersection of buffer area of the new gentrified patch and vacant land.

The following three rules havebeen followed for pattern identificationof gentrified
area.

(1) When LEI is larger than 50, the buffer zone of a new urban patch intersects
with an existing urban patch; thus, the new urban patch is classified with the
infilling property. This has been categorised as newly-build gentrification.

(2) When the LEI ranges between 0 and 50, the buffer zone of the new urban
patch intersects with vacant land and the existing urban patch. This inter-
secting pattern signifies the characteristics of an urban area’s expansion and is
categorised as peripheral gentrification.

(3) When the value of LEI equals to 0, the buffer zone of a new urban patch
is only composed of vacant lands. In this case, the vacant land is assumed
as agricultural land. The new urban patch is determined to have an outlying
property and is categorised as rural gentrification.

Figure 9 visualises types of gentrification patterns identified in the study area as
per the LEI-8 neighbourhood cell method. The study has deployed the “LEI tool”

3 Satellite images used for 2001 is Landsat 5 (30 m), for 2011 and 2021 is Landsat 8 (30 m).
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Existing Urban Patch

New Urban Patch

Fig. 9 Patterns of classification and gentrification identified in the study area

integratedwithArcGIS software and is available through the followingwebsite http://
www.geosimulation.cn/LEI.html. The spatio-temporal assessment of four identified
clusters based on LEI is for two decadal periods i.e., from 2001–2011 to 2011–2021.
Figure 10 summarises the detailed methodology and helps to understand the overall
framework of the research.

6 Analysing the Pattern of Gentrification in Bengaluru
and Findings

Themajor contribution of this research to quantify the spatial pattern of urban growth
and integrating the growth with the gentrification process through LEI. The LEI
assessment has been carried out in the identified four clusters. Total LEI counts for
the decade 2001–2011 are 776, and 2011–2021 are 1412. Table 3 shows the number
of counts for both decades. Figures 11, 12, 13 and 14 are the GIS-based visualisation
of LEI in the identified four clusters for both decades.

Figure 15 represents the types of LEI classification for both decades. The assess-
ment highlights a rapid incremental phenomenon of peripheral gentrification in

http://www.geosimulation.cn/LEI.html
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Fig. 10 Detailed research methodology

Table 3 Numbers of counts for LEI for different type of classification

Clusters Outlying Expansion Infilling

2001–2011 2011–2021 2001–2011 2011–2021 2001–2011 2011–2021

Cluster 1 16 106 359 964 19 22

Cluster 2 0 0 12 27 1 9

Cluster 3 21 33 85 52 0 0

Cluster 4 37 64 225 135 1 0

Total 74 203 681 1178 21 31

Source Compiled by authors

Fig. 11 Landscape expansion index (LEI) assessment in Cluster 1
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Fig. 12 Landscape expansion index (LEI) assessment in Cluster 2

Fig. 13 Landscape expansion index (LEI) assessment in Cluster 3

cluster 1 and cluster 2. The infilling type of classification is least in all the clusters
and insignificant in clusters 3 and 4. The majority of new urban patches intersecting
with existing urban patches are present in clusters 1 and 2. The outlying classification
is observed highest in cluster 1 and none in cluster 2. In clusters 3 and 4, the outlying
classification is increasing, and the expansion classification is decreasing.

The interpretative approach through social survey and participant observation has
helped to identify the gentrification locations. Table 4 demonstrates the gentrifica-
tion locations in the identified clusters located in the Eastern and Southern areas of
BUD. These clusters accommodate most of Bengaluru’s Knowledge based industries
(KBIs). Figure 16 demonstrates the temporal evolution for the year (1994–1995,
2003–2004 and 2014–2015) of major KBIs in all the four clusters. The detailed
cluster wise map is presented in Fig. 17a, b. 64% of KBIs in the selected clusters
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Fig. 14 Landscape expansion index (LEI) assessment in Cluster 4

9%

88%

3%

LEI classification for 2001-2011

Outlying

Expansion

Infilling

14%

84%

2%

LEI classification for 2011-2021

Outlying

Expansion

Infilling

Fig. 15 Temporal comparison of LEI for the period 2001–2011 and 2011–2021

Table 4 Gentrification locations in identified Clusters for research in the study area

Cluster no. Major gentrification locations Phase of development

Cluster 1 Mahadevpura, Hoodi and Whitefield Nucleation phase, Peripheral
agglomeration I and Peripheral
agglomeration II

Cluster 2 Electronic city Initial phase, Nucleation phase

Cluster 3 Attibele Peripheral agglomeration II

Cluster 4 Anekal Peripheral agglomeration II

Source Compiled by authors

were established during the phase of Peripheral agglomeration II. Most of the KBIs
are present in cluster 1 due to ITPL and other technology parks like Salarpuria G R
tech park, Sigma soft tech park, Divyashree techno park in Whitefield and Bagmane
tech park and Bhoruka park in Mahadevpura, respectively.
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Fig. 16 Spatio-temporal evolution of KBIs in identified clusters

The gentrification process is witnessed at many locations of Bengaluru during the
reconnaissance survey. The illustrations in Figs. 18 and 19 capture the ground situa-
tion of Clusters 1, 2, 3 and 4. In cluster 1, the gentrification pattern in Mahadevpura
is an example of new build typology, whereas the gentrification pattern in Hoodi and
Whitefield display the peripheral pattern. The peripheral gentrification in these areas
is characterised by the development of high-rise apartments and the transformation
of low-density areas into high density zones. In some areas, the traditional neigh-
bourhoods are also transforming by mid-rise apartments, developed jointly by real
estate developers and the plot owners.

The gentrification pattern in cluster 2 represents peripheral gentrification where
urban expansion is happening on the edges. In Attibele in Cluster 3, rural gentrifi-
cation is observed where multi-storeyed buildings are being developed on agricul-
tural lands. In Anekal, in cluster 3, the gentrification pattern represents peripheral
typology, with a characteristic of plotted development. The LEI confirms the conver-
sion of more agricultural land to residential purposes in clusters 3 and 4. The analysis
further emphasises that few of the new urban patches intersected with the existing
urban patches in cluster 1. It reflects the lack of developable land availability in
this cluster. The Electronic city and Whitefield are recognised as the software hub
of Bengaluru, and these localities are amongst the most preferred locations for the
knowledge workers (Sheikh et al. 2017).



94 A. Biswas et al.

Fig. 17 a Spatio-temporal evolution ofKBIs inCluster 1 andCluster 2;bSpatio-temporal evolution
of KBIs in cluster 3 and cluster 4

The state government and private enterprises are continuously investing in the
city’s peripheral areas, fuelling the increasing residential supply and thus aggra-
vating the gentrification process. When original residents are forced to leave their
neighbourhood due to a drastic increase in property values, coercion, or buyouts,
gentrification becomes a problem. Low-income neighbourhoods in Bengaluru are
frequently being transformed into high-end neighbourhoods with housing alterna-
tives such as high-rise apartments. This transformation leads to other types of gentri-
fications, transforming residential areas to cafés, apparel stores, large chain stores and
restaurants, recognised as “commercial gentrification”, causing skyrocketing rents
and socio-cultural conflicts in residential neighbourhoods (Jeong et al. 2015; Ryu
et al. 2020). There has been an increase of 50.9% pubs in Bengaluru from 2014 to
2018 (Shruthi 2018).
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Fig. 18 Gentrified points in Cluster 1

Fig. 19 Gentrified points in Cluster 2, Cluster 3, Cluster 4

7 Conclusion

The latest tides of knowledge driven development have intrinsically transformed the
urban morphology of many cities. A basic approach has been adopted in the present
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study to reflect the urban morphology of Bengaluru city by describing the patterns of
landuse to understand amultitude of choices and decisions about locational attributes.
Investigation of the knowledge economy in Bengaluru deciphered the genesis of
Bengaluru as a knowledge city and factor attributing to its global recognition of
being India’s Silicon Valley, Global outsourcing city and fastest growing tech hub
(Economic Times 2021). Bengaluru has not only witnessed influx of human capital
and knowledge-based industries but is also continuously undergoing structural and
spatial rearrangement, especially in the patterns, functions, densities and layouts of
its neighbourhoods.

Temporal assessment of the urban growth pattern highlighted that the present
growth direction of the city is towards the North, following the new Bengaluru
international airport. However, the peripheral agglomeration is not visible between
the Bengaluru international airport and ITPL. The growth direction in the previous
decade was mainly towards the South-Eastern part of the city, between electronic
city and ITPL. The over-saturation of the area also led many KBIs to locate their
offices in Hyderabad (Hariharan and Biswas 2020a, b).

Bengaluru has still a very strong geographical inertia for attracting economic
growth factors based on a study of its knowledge-based industries (Hariharan and
Biswas 2020a, b). The advent of gentrification in Bengaluru is primarily influenced
due to the drastic demographic change in the last three decades. These changes
are attributed to the influx of human capital employed in knowledge-based indus-
tries in the city (Sen 2014; Asian Cities 2017). A high volume of human capital
into the city from across the country and globe upscale its residential demand
and capacity. The first and second phases of peripheral agglomeration witnessed
maximum development in the knowledge economy as many technology parks
emerged.

This chapter is an assessment of the patterns of gentrification influenced by
knowledge-based industries in Bengaluru. 83% of the highlighted gentrified area are
based on the feature of expansion or peripheral gentrification. Most of the peripheral
agglomeration is witnessed in Cluster 1 constituting the neighbourhoods of White-
field, Mahadevpura and Hoodi. Increasing percentage of rural gentrification in the
study area re-emphasises on the rapid urban transformation of nearby rural areas.
Infilling or new build construction were primarily witnessed in Cluster 1 and Cluster
2. The scope of new urban patches withing the existing urban areas are mostly based
on the characteristic of reconstruction or redevelopment as many real estate projects
for high rise buildings have been observed in cluster 1 and cluster 2. Electronic city
became the focal arena of knowledge-based industries in the initial phase that catered
to the economic foundations for many rural areas in proximity through cluster orien-
tation. Anekal’s and Attibele’s huge housing market potential and availability of land
for local clusters and support the core knowledge based industrial clusters to be more
productive.

Landscape expansion index strives to be very useful tool to assess the spatial
segregation based on the principle of patch based landuse classification. Further
study on the impact of gentrification in the neighbourhoods of Bengaluru city can be
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carried forward to evaluate the relationship of growth dependent variable and socio-
economic performance. This will enrich withmajor frontiers to balance development
and socio-economic inequalities for an improved regional landscape.
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