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Contemporary South Asia, 12(1), (March, 2003) 5783

Geographic information systems inIndias Silicon Valley: The
impactof technology on planning Bangalore

JAMES HEITZMAN

ABSTRACT By the late 1980s, the parastatal authorities
responsible for infrastructure

delivery and planning in the Bangalore metropolitan region were
encountering complex

problems and pressure from lending agencies that pushed them
toward capacity-building

exercises utilizing electronic tools, including geographic
information systems. Simultaneously,

a network of non-governmental organizations and private
consulting firms were developing

within Bangalore that specialized in the application of
geographic information systems tools

for the solution of development problems. The result of these
inter-related changes was the

gradual assembly of multi-organizational teams for the
implementation of development

projects involving computerized mapping and database
construction. This process repre-

sented a movement away from earlier centralized models of
planning, and characterized an

organizational matrix typically associated with the milieu of
innovation or the regional

growth pole. The investigation of this process in Bangalore
allows the construction of a case

study applicable to the analysis of technological and
organizational change associated with

urbanization and the information society within South Asia.

The city of Bangalore has enjoyed a reputation for technological
innovation andmodernization, receiving the title City of the Future
from Prime MinisterJawaharlal Nehru in the 1950s.1 More recently,
Bangalore has earned inter-national renown as the Silicon Valley of
India because of its concentration ofmicroelectronics, computer and
telecommunications firms linked to national andglobal patterns of
industrialization and, in particular, its software
engineeringcompanies specializing in offshore production.2
Bangalore may be the clearestexample within South Asia of a growth
pole, technopole or milieu ofinnovation, where technological and
organizational change has driven industrialgrowth and employment at
the regional level.3 Manuel Castells has suggestedthat we have
entered the world of the informational city, where the space
offlows defines the field of innovation.4 We might expect that
Bangalore, as a
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milieu of innovation, would demonstrate synergetic features of
organizationalstructure that place information systems at the heart
of planning. Does proximityto firms specializing in high technology
translate into the acceptance of a

technological paradigm by the public sector?Computerized
geographic information systems (GIS) that link digital
databases

to digital graphics tools have become standard components of
urban planningthroughout the world. Computerized storage of base
maps has a major advantageover hard-copy images because it allows
repeated editing without the need tocreate entirely new products.
At the analytical level, in combination with aerialor satellite
photography, GIS may preserve spatial precision that allows
math-ematical modeling of the relationships between the physical
features of alandscape and human activity. As a presentation tool,
GIS allows a rapid shiftof scales and the capacity to show overlays
of different variables, making it a

powerful support for decision-making. By the 1990s,
microcomputer-based GISproducts were shedding the
command-line-driven heritage carried with them fromtheir origins on
mainframe computer platforms, and incorporated
front-endapplications using windows and icons that assisted the
user in all phases ofproduct development and operation. Public
agencies and utilities that relied ongeographic data for their
operations constituted a market that funded the massiveconversion
of data into digital form and the construction of GIS
applications.Spreading in the United States and Western Europe, GIS
technology became partof the geography programs of universities and
generated an industry of consultingfirms.

Since the beginning of the twentieth century, Bangalore has
experienced

intense public-sector intervention in economic growth and
planning, primarilythrough parastatal authorities charged with the
centralized assembly of infra-structure. A city known for science
and information technology could providethese authorities with
unique resources for the rapid application of computers andGIS to
urban planning. This article provides a detailed empirical study of
theadoption of GIS by Bangalores parastatals in order to carry out
missions of urbanplanning and infrastructure provision under
conditions of rapid demographicgrowth. It examines the diffusion of
technology through a process of organiza-tional change that
featured increasing roles for non-government organizations(NGOs),
consulting firms, and private enterprises. During this process,
models of

organizational interaction based on the manipulation of datasets
and multimediapresentations within a network of cooperating offices
challenged the hegemonyof parastatal authorities. The result was a
limited deployment of new tools; notan information or
communications revolution, but a slow socio-technical
trans-formation of the public sphere. Parastatal authorities
displayed a remarkableresilience by adapting to an increasingly
multi-institutional environment thatevolved through the learning of
individuals and the creation of new firms.

The emergence of metropolitan Bangalore

The city of Bangalore began in the sixteenth century through the
efforts of
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Kempe Gouda, a local warlord who fortified a small commercial
settlement. Bythe seventeenth century, the city had come under the
control of the expandingOdeyar kings of Mysore. The most powerful
position in the Odeyar kingdom

later fell into the hands of its leading general, Haidar Ali
(17221782) who, aslocal garrison commander, received Bangalore as
his personal revenue grant in1758. He embellished the city by
laying out the Persian-style Lal Bagh (RedGarden) and completely
rebuilt in stone the fort south of the commercial center.The
military adventures of Haidar Ali and his son, Tippu Sultan
(17531799),led to conflicts with the British East India Company
that organized a coalitionof neighboring princes and launched
several expeditions against the Mysorekingdom. After Tippu Sultan
died in battle, the British re-installed the Odeyarrulers as heads
of a reduced princely state, and set up a military cantonment
inBangalore in 1807. With its traditional economy in tatters,
Banglore evolved as

a typical bi-nodal colonial administrative center around its old
city and thecantonment.By the end of the nineteenth century,
Bangalores economy began to revive

with the introduction of textile factories, and it became the
first electrified cityin India in 1900. Under the leadership of S.
Visvesvaraya (18601962) and otherprime ministers, the princely
state of Mysore encouraged industrialization andled the way in
state planning of economic growth, including the founding of
thelarge public-sector enterprise Hindustan Aeronautics Limited in
the easternsuburbs of Bangalore in 1942. After national
independence in 1947, the Nehru-vian model of state-directed
development resulted in a continued expansion ofthe suburbs through
the founding of giant public-sector units such as Indian

Telephone Industries (1948), Bharat Electronics Limited (1954),
and HindustanMachine Tools (1955). The linguistic re-organization
of Indian states in 1956made Bangalore the capital of an expanded
Mysore (later renamed Karnataka),entailing a dramatic increase in
public-sector administrative personnel. Buildingon the respected
scientific accomplishments of the Indian Institute of Science,based
in Bangalore since 1911, the state and central governments
supported theestablishment there of numerous educational and
research establishments, suchas headquarters of the Indian Space
Research Organisation (ISRO).5

By the late 1980s, as economic liberalization became national
policy andtelecommunication systems supported offshore software
production, indigenous

entrepreneurs and multinational corporations began to
concentrate offices inBangalore that specialized in cheap,
high-quality software engineering. Thesechanges accompanied a
gigantic increase in population, making the city the fifthlargest
metropolis in India.6

Planning the metropolis

The elected Council of Bangalore City Corporation (BCC), formed
in 1949 froma unification of the old city and the cantonment, was
responsible for serviceswithin its boundaries but enjoyed no
constitutional status and served at thepleasure of the state
government. Bureaucrats and politicians at the level of the
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state government thus played major parts in urban
administration. In 1961, thestate government produced the Karnataka
Town and Country Planning Act,becoming the first state in India to
enact comprehensive planning legislation

modeled on British planning experience.7 The Bangalore
Metropolitan PlanningBoard, constituted by the state government,
followed the procedures of the Actand produced in 1963 an Outline
Development Plan for the metropolitan regionof Bangalore, designed
as an intermediary report that would serve until theconstitution of
a permanent planning body.8 In 1976, the state of Karnataka setup
the Bangalore Development Authority (BDA) with a mandate to create
amaster plan for the metropolitan region, regulate the use of land
by privateowners and developers, and acquire land for residential,
commercial and indus-trial zones.9 Within the lands of its
jurisdiction outside the BCC boundaries, theBDA ostensibly had
complete control of the disposition of physical space. Inside

the boundaries of the BCC, the BDA was required only to notify
the CityCommissioner before implementing any function or service.
The BDAs pro-gram of land acquisition and development of layouts
was typical of an urbanplanning model in India during the 1970s
that gave (on paper) near monopoliesto parastatal authorities for
regulating the land market and infrastructure.10

The BDA compiled a Comprehensive Development Plan (CDP) in
1984,based on the long-established master plan model typical of
post-independenceIndian cities and indebted to the models applied
in Britain after mid-century.This approach viewed demographic
containment and the protection of openlands through land-use
policy, executed by public authorities, as priorities forurban
planning.11 After examining demographic changes through the
1991

Census, BDA planners submitted a revised CDP for review by the
state and thepublic in 1994, which went into effect by January the
following year. Thegeographic configuration established by the
revised CDP followed the model ofthe Outline Development Plan and
the 1984 CDP, defining the authoritys

jurisdiction as an expanse of 1290 km2 divided into a series of
concentric rings(see Figure 1). The Bangalore Conurbation consisted
of 565 km2 that includedthe BCC at the core, an inner built-up ring
surrounding it, and an outer ring withvillages earmarked for
urbanization. Beyond the conurbation was a green belt of714 km2,
divided into a number of villages that were not supposed to
undergourbanization.12

In the early 1960s, the board preparing the Outline Development
Plan haddeferred the development of a regional approach because of
a lack of time andresources, but members of the planning profession
in Karnataka continued towork toward a larger intellectual
framework. These initiatives finally led thestate government in
1987 to establish another parastatal organization, theBangalore
Metropolitan Region Development Authority (BMRDA). Its mandatewas
to: (1) carry out a survey of the region and prepare a report; (2)
prepare astructure plan of the region and propose schemes for
implementing works; (3)coordinate the activities of other local
bodies; (4) raise finances to supportschemes; (5) approve all
schemes formulated by other local bodies; and (6)demolish any
developments contrary to its own plans. The region under the
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Figure 1. The planning area of the Bangalore Development
Authorityin 1995, according to the revisedComprehension Development
Plan.

jurisdiction of the BMRDA formed an administrative shell
surrounding theterritories of the Bangalore City Corporation and
the BDA, including BangaloreUrban District, Bangalore Rural
District, and Malur Taluk of Kolar District (seeFigure 2). The
entire region encompassed a population of 7,969,206 in 1991(72.48%
urban).13
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Figure 2. The planning area of the Bangalore Metropolitan Region
Development Authority in the1990s.

One of the main purposes behind the constitution of the
metropolitan regionwas the targeting of subdistrict (taluk)
headquarters as growth poles, allowingthe decentralization of
population from the metropolis. In the absence of fundingfrom
either the state government, the center, or multinational aid
agencies, theseconcepts did not even make it to the drawing board.
The BMRDAs organizationwas small and did not exercise any project
implementation function. Its person-
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nel thought of themselves as a think tank or an umbrella
organization thatwould monitor land use, evolve policies and
regulatory regimes, foresee futuredevelopments, and facilitate the
evolution of the metropolis. Until the mid-

1990s, BMRDA remained a paper organization with few resources
and littleeffective authority over the geographical area it
supposedly managed.14

The most intractable infrastructure planning issue for the
Bangalore metropoli-tan region was the limited availability of
water for drinking and industry. Thiswas a perennial problem facing
the entire state of Karnataka, where only 24%of households had safe
drinking water in 1991. In this sense, Bangalore UrbanDistrict
seemed to be in fairly good shape with 73% of its households
accessingsafe water, although in Bangalore Rural District the
figure was a miserable 16.8%.The Bangalore Water Supply and
Sewerage Board (BWSSB), another parastatalauthority, was
responsible for the provision of water to the city and its
suburbs,

and thus could take credit for some success in guaranteeing a
relatively decentsupply to a majority of citizens. The big question
concerned the quantity of waterit was able to deliver. Out of 205
cities and towns in Karnataka, 190 hadinadequate amounts of
drinking water in 199798. Bangalore was among them.15

The citys two primary water schemes relied on the damming of the
Arkavatiriver to the northwest, to create the Hesaraghatta
reservoir, with a maximumdelivery of 36 million liters daily, and
the Tippagondahalli reservoir, with amaximum capacity of 148
million liters daily. The insufficiency of these facilitiesled to
the expensive option of tapping the Kaveri (Cauvery) river 60 km to
thesouth of Bangalore and pumping its water uphill to the
metropolitan area. Theinauguration of the Cauvery First Stage in
1974 coincided with a huge jump in

the metropolitan population during the 1970s, necessitating the
immediateconstruction of a Second Stage, which came online in
198384. Each projectprovided a maximum of 135 million liters daily,
leading to an average supply of121 liters per capita per day in
1984very close to the minimum desired supplyof 140 liters daily.16
After completion of a Cauvery Third Stage providing 270million
liters daily, the citys population officially had daily access to
140 litersper capita in the mid-1990s, but the provision declined
again to 110 liters in 1998as population and industrial development
outstripped the ability to meet de-mand.17 The BWSSB began work in
1999 on the Cauvery Water Supply SchemeStage Four, Phase One, which
was expected to add an additional 270 million liters

daily at a cost of Rs.1072 crores ($255 million).18

The fee structure of waterprovision allowed the BWSSB to earn
enough only to cover operating expendi-tures; capital works
required regular subsidies from the state government. Asincome
proved insufficient due to inefficiencies in water distribution and
billing(caused by inadequate information systems), the time was
ripe for the applicationof new tools and new organizational
principles.

The need for GIS

During the early 1990s, the state of Karnataka had been unable
to obtain largeblocks of funding from international agencies for
urban infrastructure. Combined
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with a general crisis in state finances that was affecting the
entire country, thestarvation of capital inputs was contributing to
a perceptible decline in publicservices. This situation began to
change when the board of the Asian Development

Bank (ADB) met in Manila and decided to shift funding into
infrastructureprojects. The Government of India decided to solicit
some of this funding, andsent some introductory materials on
Bangalore to the ADB offices. The ADB senttwo officers to India in
1993 to examine conditions on the ground and the capacityof
governments to support funding, and this led to a decision to
provide fundingfor Karnataka.

The heart of the ADB initiative was a desire to strengthen
counter magnets,tentatively identified as the taluk headquarters of
Doddaballapur, Kanakapura,Kolar, Ramanagaram, and Tumkur, each
within 70 km of Bangalore and outsidethe boundaries of the green
belt. The idea was to develop residential and industrial

layouts in each of these towns, along with service
infrastructure, health andrecreation facilities that would support
populations of between 150,000 and200,000 people. The BMRDA began
talking about a region that included all ofsouthern Karnataka,
suggesting that the city of Mysore (population 800,000) couldalso
serve as a growth pole taking the pressure off Bangalore.19 In
early 1994,the ADB sent a technical mission of consultants from the
firm GHK-MRM (HongKong) to conduct detailed sample surveys among
the population of Channapatna,and to elicit opinions on
infrastructure and services. They also conducted a surveyamong
several hundred industries, testing receptivity to relocating in
target growthcenters. Based on the preliminary survey, the ADB
sanctioned a loan of Rs.310crores ($98.3 million) to the state of
Karnataka, with a new Karnataka Urban

Infrastructure Development and Finance Corporation (KUIDFC) as
the agencycoordinating finances and with the BMRDA as the main
contact organization inthe state. This was the first big-time input
of finances received to date throughthe efforts of the BMRDA, and
it infused a new life into the office.20

As the ADB project began to take shape, the BMRDA hired the
consultingagency Indian Resources Information and Management
Technologies (INRIMT)from Hyderabad to work on the structure plan
for the metropolitan region. At thispoint, satellite photography
from the Indian Remote Sensing (IRS) Programme,available through
the National Remote Sensing Agency (NRSA), began toinfluence urban
planning in Bangalore for the first time.21 The INRIMT method-

ology began with the construction of a hard-copy base map at
1250,000scale from Survey of India topographic sheets, including
the administrativeboundaries of the Bangalore Metropolitan Region.
The consultants then con-structed hard-copy overlays for different
variables on the base map. Taking datafrom satellite photographs
available in false color, the consultants also producedhard-copy
overlays for variables including topography, drainage, water
bodies,ground cover, annual rainfall, geology and minerals,
predicted groundwateravailability, and the transportation network.
Demographic and occupational datawere obtained from the 1991 Census
of India. In addition to the maps, there werepresentations of data
on water supply and sewerage, electrification, and
industrialstructure.
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The INRIMT Technical Report,22 ready in March 1995, started from
thepremise that the only areas suitable for urbanization included
under-utilized,degraded, or waste lands. This excluded 85.63% of
the region already covered

with vegetation, water bodies, or extant construction. The
physical overlaying ofsuccessive thematic maps allowed the team to
derive different categories of landsuitability based on parameters
of water potential and nearness to transportation.The result was
that the land available for further urban development in
theBangalore Metropolitan Region constituted 7.11% of the total
area. The reportdescribed in greater detail the five priority zones
for potential growth amongthe taluk centers outside the
conurbation. The report suggested programs tocontinue the
analytical work of the BMRDA in three stages, including aBangalore
Metropolitan Region Information System based on a GIS at1250,000
scale, followed by a GIS at 150,000 scale, and then a system at

1

4000 scale for priority zones. The INRIMT product implemented a
mappingmethodology using some digital products, leading to
quantitative analysis andgraphical presentations for
decision-making, which portended future map-basedproducts but fell
short of digital decision support and political
effectiveness.Although the BMRDA publicized this document as a
preliminary draft of theregions structure plan, it never submitted
it to the state government forapproval.23

With the exception of transportation studies,24 mapping
methodologies hadbeen notable by their absence in Bangalores
planning circles until the release ofthe INRIMT report. The 1994
revised CDP, for example, made no progress overearlier planning
documents in the linkage of planning decisions to mathematical

modeling or graphical presentations. Volume 1 of the revised CDP
presentedsome overall statistics and goals, almost entirely culled
from the Census of Indiaor from general reports obtained through
other state government agencies. Itincluded a series of large,
glossy maps that were hand-designed, without scale,and provided
only an impressionistic interpretation of the planners goals.Volume
2 presented the detailed plans for twenty-four planning districts,
somewith subdistricts, accompanied by more detailed, hand-drawn
maps almostimpossible to obtain for the general public. The
involvement of the ADB withregional planning, however, increased
the pressure for more precise decisionsupport tools in order to
enhance capacity building measures that would

guarantee loan repayment. Simultaneously, the funding of Stage
Four of theCauvery Water Supply Scheme in part came through a loan
of Rs.804 crores($191 million) from the Overseas Economic
Cooperative Fund (OECF) of Japan.Consultants working with the BWSSB
and the OECF indicated that the time hadcome for up-to-date mapping
systems, especially for a delivery system notoriousfor leaks and
illegal connections.25

Pressure from lenders had already begun to push parastatal
authorities towarda consideration of new mapping technologies. In
1987, the Karnataka StateCouncil for Science and Technology (KSCST)
had initiated the first project inBangalore that applied scientific
mapping systems to a specific problem of urbanplanning. In
cooperation with the National Aeronautics Laboratories (NAL),
they
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funded a series of aerial photographs of the city as the first
step in the reformof the citys house numbering system. These
photographs were the basis of aproduct called Bangalore AZ, a
booklet of detailed maps of the road network

in the city, which reached a retail market through a limited
first edition and laterreprints. The original work for this book
involved drawing by hand the roadnetworks appearing in the
photographs. The product was excellent for groundnavigation, but
optical distortions in the original photographs resulted in
prod-ucts with edges that did not link, so they were not useable
for GIS work.26 Thisproject remained, however, an inspiration for
later efforts to apply mapping tourban management.

In 1992, the KSCST became the nodal agency for implementation
withinKarnataka of a national-level project to create digital
applications for naturalresource planning in district centers. This
Natural Resources Data ManagementSystem (NRDMS) project faced the
formidable challenge of identifying and

testing hardware and GIS software, training personnel from
scratch, obtaininghard-copy base maps and creating digital
versions, obtaining different types ofraw data, devising a range of
overlays for the presentation and analysis of data,and implementing
decision support at the district and state levels. The projectbegan
with offices and small staff in three districts, and a central
laboratoryhoused behind the KSCST offices in Bangalore.27 The
project teams in Mysoreand Bangalore experimented with a variety of
software packages, includingGeo-Referenced Area Management (GRAM),
a package developed at the IndianInstitute of Technology in Mumbai,
but eventually obtained access to ArcInfoand ArcView, products by
Environmental Systems Research Institute (ESRI)

that were becoming industry standards in the United
States.28

Despite lack ofproduct support in India during the early 1990s,
they settled on Oracle as theapplication package for database
construction. Despite difficulties in obtainingdatabases, by 199495
the three centers had base maps at a scale of 150,000,experimented
with larger resolutions for single villages, and produced a
numberof workable overlays.

The NRDMS project was of little immediate relevance to urban
planning,however, because efforts focused on district-level data
and explicitly ignoreddata from areas classified as urban. Indeed,
the managers of the project listedBangalore as the last district
for the implementation for the project. The NRDMSthus had no
immediate impact on urban planning in Bangalore and, in any
case,the scale at which they were digitizing had limited potential
for urban manage-ment. The existence of the NRDMS was seminal,
however, in building thecomponents of a GIS community.

GIS applications

The first application of GIS to urban planning in Bangalore was
a study of slumsconducted by M. J. de Wit, a member of an
Indo-Dutch initiative calledSpearhead Urban Poverty Alleviation
that addressed poverty issues, and fundeda project called Bangalore
Urban Poverty Alleviation.29 He aimed to develop aSlum Analysis
Support System that would pinpoint any organizing principles
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in the spatial distribution of slums or slum characteristics in
Bangalore. de Witcreated a base map by aligning a Spot-XS
multi-spectral satellite image fromNovember 1991 with a 1983 map of
Bangalore from the Survey of India, and

linked these with a database of socio-economic variables
collected throughsurveys by the United Movement of Karnataka Slum
Dwellers (KarnatakaKolageri Nivasagala Samyukta Sanghatane). He
made a preliminary attempt toidentify spectral signatures
associated with different categories of slum construc-tion,
potentially useful in monitoring changes in the growth of slums.
This wasthe most successful and comprehensive GIS study of
Bangalore through the1990s.30

After funding a series of studies31 on Bangalore in the late
1980s, the UnitedStates Agency for International Development
(USAID) established an Office ofEnvironment, Energy and Enterprise
(E3) including, as part of its enterprise

component, a 10-year, $10 million program in Bangalore channeled
through theCenter for Technology Development (CTD), itself located
above the offices ofthe KSCST. The CTD gave support to Applied
Technology Centers thatprovided training and technical assistance
for developing technology manage-ment capabilities.32 One of the
centers was a GIS training laboratory located atthe NAL. The
manager of operations there was S. Rajagopalan, who had adoctorate
from the Indian Institute of Technology in Kanpur, and had
directedthe KSCST for 12 years. The cooperation of the CTD and the
NAL was thus anoutgrowth of the 1987 aerial photography and mapping
project. Between 1994and 1996, the laboratory used US-built
hardware and software (includingArcInfo) to train six persons who
created a variety of GIS products, including

several overlays of Bangalore city digitized from Survey of
India sheets.33 Thelaboratory trained personnel who went on to
careers in private-sector GIS firms.

The head instructor of the CTDs Applied Technology Center moved
toSiemens Information Systems Limited, a division partly linked to
Siemens AGand to Siemens Nixdorf, which started in 1992 as a means
for providing servicesfor the parent companies through typical body
shopping arrangements that sentskilled programmers from India to
European markets. This process spawned anumber of functional areas
that eventually resolved into business lines, includinga Graphics
Products division specializing in GIS products and services.34
In1997, the company as a whole employed 600 people in India,
including 300 in

Bangalore and the remainder in Mumbai, Chennai and New Delhi.
Projectstapped into a research and development software engineering
pool consultedfor application execution and utilizing personnel
from multiple divisions. TheGraphics Products division, with its
head office in Chennai, had three operations.First, they
specialized in software development for SICAD, the third
mostpopular GIS in the world, originally running on Silicon
Graphics workstationsbut modified by their engineers to run on
other platforms. Second, they workedas applications specialists
executing projects for clients overseas in Germany,Russia,
Singapore, and Indonesia, as well as in India.35 Third, they
marketed GISproducts such as SICAD, Frances GEO IMAGE, and their
own product,CARIS. Actual projects and sales were few. There was,
however, lots of interest
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and commitment among a wide range of organizations that were
increasinglyconcerned with issues of accountability and measurement
in their planningprocesses. These companies included
telecommunications and utilities firms

facing pressure from lending agencies to utilize GIS tools and
databases.36S. Rajagopalan, manager of the CTDs Applied Technology
Center, became

a founding member of Technology Informatics Design Endeavour
(TIDE),formed in 1992 to bridge the gap between scientific and
technological innovationand the application of new tools to
development issues among the neediestpopulations, in harmony with
the environment and through participatory pro-cesses. For this
business, he teamed up with Vinod Vyasulu, who had a doctoratein
economics from the University of Florida and had been working at
Banga-lores Institute for Social and Economic Change (ISEC). TIDE
initially concen-trated on five main areas of consultation:
renewable energy, GIS, information

management, rural industry, and solid waste disposal. The
company expandedrapidly from three persons in 1994 to 26 employees
in 2000. The clients of TIDEwere government departments and NGOs
that were looking for consultingexpertise in a range of
technological and social science areas. This was a newbreed of firm
in Bangalore, benefiting from the gradual shift from
bureaucraticcentralization within government departments toward a
consulting model.37

TIDEs early GIS projects included work in Bangalores urban ward
ofMalleswaram in cooperation with the BCC and Mythri Sarva Seva
Samithi, alocal NGO responsible for a Wastewise program.38 This
project used a 1993survey map for Malleswaram (available at 12500
and 1500 scale from theBCC), plus additional work by hired
surveyors to assemble and plot spatial and

attribute data for roads, land parcels, bins, open garbage
dumps, and wastegeneration routes. TIDE also did a consulting job
for the Centre for EnvironmentEducation (CEE) with a base map at
1500 scale attached to parcel level dataand a detailed
socio-economic survey of 507 families for the
low-incomeneighborhood of Satyanagar, leading to a comprehensive
development plan forthe area. Finally, TIDE delivered software and
data to the CEE and trained theirstaff. 39

The first attempts to create private Indian corporations
specializing in GIStechnology also began in the early 1990s.
Tangerine Informatique, Ltd. was aproject of Om Hemrajani who, in
198283, began a company that supplied

computer hardware, supplies and assembly services to larger
companies, andoperated storefront operations selling computer
hardware. In 1994, the companymade a decision to diversify into the
GIS field, and a subdivision calledTangerine Geoscience was set up
in Bangalore with an initial investment ofRs.10 crores ($3
million). Their initial strength was a Photogrammetry Division.They
purchased three Carl Zeiss P33 Planicomp machines (each for Rs.1
crore)and software for conversion of aerial photographs into
digital products. Theyalso set up a Conversion and Mapping division
for digitizing hard copy basemaps. The GIS Imaging and System
Integration division used workstations togenerate GIS products
using a wide range of software packages, in keeping witha
philosophy to remain platform independent. By the middle of 1997,
there were
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50 professionals on the payroll and an office space of 15,000
feet on KanakapuraRoad south of Bangalore. A number of these
personnel, including the director ofthe Photogrammetry Division,
were long-time employees of the Survey of India

who were attracted to the private sector by better salaries or
greater technologi-cal challenges.

The Photogrammetry division obtained Tangerines largest initial
contract,through a personal acquaintance of the management, for the
production of acomplete series of images for Kuwait City at the
scale of 11000. Anotherproject for International Irrigation
Management involved the linking of satellitedata and a variety of
databases for riverine irrigation systems. Contracts fordigitizing
survey sheets came from a number of cellular phone companies
inIndia. The most challenging project for Tangerines GIS division
was anarrangement with the public-sector Computer Maintenance
Corporation to pro-

vide a turnkey GIS and linked management information system for
LucknowDevelopment Authority (LDA), which performed for the Lucknow
metropolitanarea the role that the BDA performed for Bangalore. The
Tangerine team thatcarried out this project over a 2-year period
conducted a complete systemsanalysis of the LDAs operations,
beginning with land survey and notification,and running through the
acquisition process, development into layouts, and saleto the
private sector. Production began with revenue survey sheets of
agriculturalland and progressed through stages of parcel assembly,
land-use planning,construction of utilities, and division into
saleable parcels. The young team thatcarried out the project had no
model on which to base their product, andinvented the entire system
from scratch. It was the only product on the market

that was specifically designed to support the operations of
Indian metropolitandevelopment authorities.

With adequate technology and dynamic personnel, the main problem
facingTangerine in the late 1990s was marketing. Private
corporations within India hadlimited interest in the contributions
of photogrammetry and automated mappingto architecture or in
contracting for construction projects since labor-intensiveforms of
planning and visualization were still cost-effective. This left the
publicsector as the main potential market, with huge potential for
conversion andconstruction of management systems. This market,
however, was very slow tomature, since most bureaucrats only began
to learn about the capabilities of GIS

after 1995, and a long gestation period was required for
inserting computeriza-tion projects within the legislative budget
process dominated by professionalpoliticians. While putting
constant effort into educating its potential customersabout the
value of its services, Tangerine simultaneously attempted to expand
itspresence in the international market in order to guarantee a
basic cash flow whilewaiting for the Indian market to mature. By
1995, a number of Indian firms hadmoved into this field and
established relationships with US companies. Theresult was that
Tangerine found itself a small player with a cash flow problemin an
increasingly crowed market, ready to work but looking for
customers,while larger potential competitors like Siemens were
capable of waiting forcustomers to emerge.40
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The first marketable GIS product in Bangalore came from
VenkataramananAssociates, the second oldest firm of architects in
the city.41 V. Narasimhan(Naresh) was the son of the companys
founder, trained in architecture and

design, who found in mapping an outlet for his graphical
interests. DuringBangalores construction spree in the mid-1990s,
when his firm was building upto 14% of all new works, he became
increasingly frustrated by the lack ofplanning he saw around him
or, more properly, the lack of a common databasefor planning.
(Naresh identified 52 different agencies or organizations
dealingwith the development of Bangalore, most of them relying on
different graphicimages.)

Fed up with lack of progress on the mapping front, Naresh used
the facilitiesof his company to embark on a new initiative in 1995.
He made arrangementsto obtain IRS-1C satellite photographs of
Bangalore at a resolution down to

6.3

6.3 meters. Unwilling to spend money on a complete version of
ArcInfo,he put some programmers to work in developing a customized
system thatcontained only the essential modules of a GIS package.
The team created avector-based file from the pages in Bangalore AZ
and from a 1980 Survey ofIndia guide to Bangalore. After 6 months
of pressuring to obtain clearance andworking with the personnel of
the Remote Sensing Center in Bangalore, theywere able to
superimpose their layers on a projected satellite photograph of
thecity, in order to check the veracity of their vector data. For
further verification,they sent two researchers into the field with
geographic positioning system toolsto take readings from major
intersections and other crucial spots, especially inthe suburbs. At
the end of this process, Nareshs team had eight layers, or

overlays, showing a range of variables.42 They imported their
data into electronicpublishing software to create printouts of
areas 1 km square with the streetsclearly represented by white
lines. A task force of 75 students and employeesthen went into
neighborhoods with these printouts to obtain ground-truth data
onstreet names, locations of parks, hospitals, public buildings,
and small lanes orunpaved roads that did not appear on the base
map. After the addition ofsymbols for these attributes, the result
was a series of full-color guidebooks, thefirst of which was ready
for the market in July 1997. A spin-off company beganto produce and
market these guidebooks.43

In May 1997, Naresh began a series of meetings with government
officials

including the State Minister of Urban Planning, Commissioner of
Bangalore, andCommissioners of the BDA and the BMRDA, to show them
his product and tooffer his software for planning purposes. He
devised several pilot studies todemonstrate problems with current
information systems and the applicability ofGIS software to their
solution. His team digitized a representation of the wardstructure
for the city of Bangalore and laid this over the vector image to
showmajor inaccuracies in the boundaries of the wards. They
digitized sections of the1995 revised CDP, cleaned up some major
inaccuracies with the aid of thevector image, and then laid over
this the image of planning districts, indicatingthat these
districts had no relationship with any geographical features.
Theyproduced a map of the Commercial Street area, then sent a team
to collect data
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on a wide range of architectural and design features on the
street as part of aproposal to renovate the shopping center.
Government officials were quitepositive in their responses, but no
official action took place, even though Naresh

offered to carry out further work on these projects without a
fee. One of the mainproblems, in his view, was the multiplicity of
actors involved in any urbanplanning decision, lacking one person
or group who could mediate differencesand drive projects through to
their conclusion (unlike other cities in India whereauthority was
clearly concentrated within one person or office, enabling
majoraccomplishments such as the renewal of Surat after the bubonic
plague crisis ofthe mid-1990s, and the establishment of a single
official mapping system forKolkata).

Planning agencies fund GIS

GIS applications finally became part of urban planning when the
BMRDAdecided to develop a product in 1997. TIDE, the consulting
firm hired toimplement the project, set up a GIS center, installed
hardware and software, andposted K. N. Shankar, a graduate from the
Applied Technology Program, asproject manager at the BMRDA
offices.44 In a first phase, TIDE and BMRDApersonnel tested four
software packages and eventually chose CARIS, marketedby Siemens,
which provided training. Tangerine Geoscience did some
digitiza-tion of base maps at a scale of 150,000, after competition
among eightagencies. In a second phase, the team assembled a series
of overlays at 150,000scale and databases for Devanahalli Taluk, to
test whether their processes

worked.45 They moved on to the other eleven taluks and then
joined themtogether with satellite data from INRIMT. The final
phase of the project wastraining and harnessing the application to
specific problems. There was littleindication, however, that
progress occurred in this phase. In late 1999, theproducts of
INRIMT and TIDE were lying unused, suffering the fate of
manymanagement information systems.

The KUIDFC, in receipt of money from the ADB, moved ahead with
thescheme, now entitled The Karnataka Urban Infrastructure
Development Proj-ect.46 For this purpose, the ADB had decided in
March 1995 to provide fundingworth $112 million (Rs.447 crores),
with the bank giving $85 million while state

and local governments would contribute $27 million. The
Government ofKarnataka then contracted with the British/Hong Kong
consultants GHK Inter-national to conduct two types of study in
199798. One study dealt with theBangalore Metropolitan Region as
defined by the BMRDA jurisdiction. Theother study dealt with what
the consultants called the Southern KarnatakaRegionthe districts of
Bangalore Urban, Bangalore Rural, Kolar, Tumkur,Hassan, Mandya,
Mysore, and Chikmagalurencompassing 50,555 km2 and apopulation of
17,414,000 (6,853,000 urban and 10,561,000 rural).47 The
originalgoal of the consultants was to investigate the possibility
of establishing newtowns that could draw away population from
Bangalore, effecting the contain-ment of future growth in the
Bangalore conurbation and the dispersed concen-
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tration of growth in outlying satellite towns and growth nodes.
The consultingteam was able to use the GIS products generated by
the INRIMT study andcommissioned a second set of satellite
photographs to design, through MapInfo,

the most sophisticated planning graphics seen so far in the
Bangalore region.These graphics became the centerpiece of a
multi-volume report that eventuallybecame BMRDAs structure
plan.48

The BDA began its own GIS experiments in 1998, when it
cooperated withTIDE and several other NGOs in a small (Rs.134 lakhs
or $359,000) IntegratedUrban Environment Improvement Project
(IUEIP) that covered neighborhoods infour layouts over a 3-year
period. The heart of the project lay in neighborhoodresidents
committees, clubs, and womens circles that would cooperate in
themaintenance of green spaces and the management of solid waste,
and eventuallydevelop self-sufficient programs. Expanding on its
earlier experiences, TIDE

conducted user needs assessments, assembled spatial data for the
neighborhoods,performed walkthrough surveys and attribute data
collection, and introducedhardware with software that allowed
application development. Multiple userscould portray and plan
systems for waste disposal as well as systems for waterharvesting,
conservation, and planning of public land.49 This project
providedorganizational learning for the BDA as it geared up for the
first full-scalecooperation by public institutions in the
utilization of GIS for planning, whichfinally got off the ground at
the end of the 1990s.

Under an IndoFrench protocol signed in 1995, a loan of Ff50
million becameavailable to the BWSSB for improvement of plants and
infrastructure, includingFf6 million to support computer mapping
that would aid the water distribution

system. In 1997, representatives from the BWSSB began to engage
in conversa-tions with BDA Commissioner Lakshmi Venkatachalam, who
solicited technicalinputs from consultants on the types of products
required. These discussions ledto an agreement between the BDA and
the BWSSB to share the cost of Rs.29.37lakhs ($82,000) paid to the
NRSA in Hyderabad for a complete set of aerialphotography, shot in
early 1998. It required more than a year of subsequentconversations
to form a public services GIS consortium that pushed for
agovernment order authorizing the production of images at scales
ranging from12000 to 120,000. Because of national security
regulations, there was nobidding process for this work that might
involve private enterprises, and the

NRSA received another contract worth Rs.542.5 lakhs ($1.5
million) to producemaps for the use of the participating agencies.
The BDA was the nodal agencythat coordinated the project, with the
BWSSB enjoying priority in receivingoutputs.50 By the time TIDE had
delivered a functional IUEIP in June 2001, theBDA was describing
the products ability to portray variables within four recentlayouts
as the first phase of application development for the entire
agglomer-ation.51

The firm Strategie-Conception-Etudes (SCE), based in Nantes,
France, re-ceived a contract to construct a GIS for the BWSSBs
water distribution system.After setting up a partnership with
IRAMconsult, based in New Delhi, andestablishing a Bangalore
office, their representatives undertook a 6-month user
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needs phase in 1999 that identified thirty needs (sixteen of
which were incapableof implementation because technical databases
were unavailable). The secondphase, the location of water pipes in
the field, relied on the NRSA maps that

began to appear for the eastern side of the city in early 2000.
Major deficiencieswere revealed when NRSA personnel were still
engaged in the process oflearning how to function as a consulting
operation. Although the BDA wassupposed to be the coordinating
agency, their response time was too slow, soSCE and IRAMconsult
personnel began dealing directly with the BWSSB andthe NRSA. After
the project moved past these growing pains, the immediate goalwas
to set up a head office for the BWSSB that would provide data
throughtransfers of compact disks for five divisional offices
managing the distributionsystem. This system would provide services
for the transnational corporationsNorthumbrian Lyonnaise
International and Vivendi Water, which were projected

to take over the water distribution system for Bangalore during
the followingdecade. The mid-term goal of the project was to
establish an office functioningas an application service provider
for all public offices utilizing GIS. By the endof 2000, this most
ambitious of mapping projects had generated some spatialdata, but
no functional management applications. 52

Karnataka Chief Minister S. M. Krishna, taking office in 1999
and retainingthe portfolio for Bangalore City Development, became
receptive to initiativesfrom within the bureaucracy and from the
technology-based corporate sector toprovide information technology
inputs to the governance process and manage-ment of infrastructure
projects. K. Jairaj, educated at Harvard and Princeton, andmember
of the Indian Administrative Service, came up with the concept of
a

high-level committee comprised of the heads of government
authorities andrepresentatives from corporations that would
recommend changes in administrat-ive practice and also control a
budget to support specific projects. The chiefminister agreed in
principle that the heads of government authorities would notbe
transferred for 2 years, to allow for managerial continuity during
theimplementation of projects.

Thus was born the Bangalore Agenda Task Force (BATF) in December
1999,designed to function simultaneously as a think tank and an
agency that could cutred tape in the improvement of urban
infrastructure. 53 The BATF mandate wasto provide:

A citizen friendly approach. Upgrades through better processes.
Capacity building and improvement. Models for best practices and
inter-stakeholder sharing. A partnership model of cooperation
between corporations, citizens, and the

state. Deployment of appropriate technology to enhance
efficiency. Motivation and involvement through mass media
campaigns.

The BATF agenda was to devise time-bound, short-term and
long-term plans to
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make Bangalore the best city in the country by 2004,
benchmarking its programsagainst the standards of Singapore. Each
of seven civic stakeholders, consistingof the major administrative
authorities in the metropolitan region,54 developed

action plans within a Bangalore Forward Movement that came under
reviewduring summits at 6-month intervals, occurring initially in
January and July2000. The BATF campaigns such as Swachha Bangalore
(Clean Bangalore) andSwayam Ghoshane (Self Promotion) built on NGO
initiatives during the pre-vious 5 years and functioned most
effectively in a few upscale neighborhoods.Accompanying their
activities at every stage, a blizzard of publicity appeared inthe
newspapers and the electronic media, including the commissioning
oftelevision commercials and websites. The BATF regularly conducted
polls thatprovided citizen opinions on progress and areas that
required the most immediateattention. Most remarkably, the agenda
stimulated the financial involvement of

the business community and, by the end of 2000, several dozen
sponsorscontributed Rs.20 crores ($4.6 million) for service and
infrastructure improve-ment schemes. In this way, the BATF began to
function as a type of Board ofTrustees for the city, generating
confidence within the business community anda business-oriented
management style.55

With input from one of its members, Naresh, the BATF developed a
GIS toenhance property tax collection. They chose Ward 76 (Richmond
Town) as thesite for a pilot study conducted by four teams.
Personnel of the Bangalore StreetAtlas Company conducted surveys,
and personnel from Magnasoft PrivateLimited (another company set up
by Naresh) performed data entry, GIS creation,and application
development in association with Autodesk.56 Although it was

unclear whether this system could become a part of the larger
system underdevelopment through SCE, it did provide a vision of the
possibilities for linkinginformation technology to planning and
participatory activities at the wardlevel.57

Conclusion

The discussion of innovation in the theory of the information
society describesa movement from a structure of competing firms or
departments with pyramidal

administrative structures toward a system of cooperative,
horizontal linkagesamong departments and multiple firmsthe network
organization within thelearning region. The key principles
underlying this ecosystem are the complexintersubjective and
intertemporal complementarities among the stakeholdersduring the
sequential process leading to an innovation.58

This article has presented a case study from Bangalore that
reveals aconscious attempt to construct projects in which
centralized modes of organiza-tion evolved into, or interacted
with, more complex, multi-entity networksconstructed around
electronic information systems. By examining the history ofGIS
programs in Bangalore, we view within a limited but crucial field
thetransition to a new model of planning that placed information
access and
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processing at the center of organizational learning. The
transition necessarilyinvolved increased levels of interaction
among multiple agencies and firms.

The ultimate sources of funding for projects remained, during
the period

considered here, the public sector (see left-hand side of Figure
3). Initially,funding sources were the several research-oriented
agencies pushing limitedfunds into a few pilot programs that
ultimately had little direct application tofunctional urban
planning applications. During the initial stages of
systemdevelopment, aid agencies and NGOs played an important part
in funding,through local offices and pilot programs that
demonstrated the potential of GIStechnology and trained small
cadres of local professionals (see right-hand sideof Figure 3). By
1994, about 7 years into the process, an array of localconsulting
firms, private business start-ups, and subdivisions of
multinationalcorporations were beginning to compete for contracts
from international aid

organizations and government agencies, or were initiating their
own commer-cially viable projects. Only after 1995 did the main
urban planning agenciesbegin to direct funds into computer mapping
systems.

This process reveals one of the most important changes in human
resourcesoccurring during the 1990s; the migration of Bangalores
professionals fromgovernment agencies into private business and
consulting spin-offs. Thefounders of TIDE came from government
research institutions, the KSCST andthe ISEC, and recruited
personnel from the Applied Technology Centers alongwith the local
division of Siemens, while the original managers of
technicalsections in Tangerine came from the Survey of India.
During the late 1990s, theirprivate start-ups were competing with,
but also interacting with, NGOs such as

the CEE and international consulting firms such as GHK, to
utilize previouslydeveloped products and to generate more complex
applications that had becomepotentially functional. We therefore
witness, during the 13-year formative periodexamined here, the
evolution of a technical planning field specializing in thecapture,
processing, and management of digitized information, not through
theolder procedure of generating public-sector bureaucratic
entrepreneurs, butthrough the generation of a network of
organizations. Interaction among theseplayers required the open
formulation and sharing of data structures on the onehand, and the
implementation of communication protocols through
contractualobligations on the other. This network did not
compromise, but enhanced the

functionality of parastatals that retained their dominant
position in servicedelivery.The provision of funds by donors and
banks required organizational capacity

that increasingly became tied to documentation produced through
informationtechnology applications. Throughout the 1990s,
parastatal authorities overseeingurban development projects could
not afford to equip their own laboratories andtrain personnel to
generate information technology applications, and only slowlycame
to appreciate the importance of those applications for spatial
planning.They needed outside help. The earliest attempts to
automate mapping processeswere experiments bringing together the
public sector with aid agencies forsmall-scale research problems or
pilot projects. Those experiences stimulated the
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Figure 3. The evaluation of GIS application for urban planning
in Bangalore.
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minimal level of management learning and personnel training that
served as abasis for more complicated endeavors. Simultaneously,
with the successes of theIndian space programs remote sensing
program, an awareness of the potential

for computer-based spatial data and software had grown among a
handful ofpublic sector units and an emerging cadre of private
consulting firms staffed byformer government employees.

By the mid-1990s, when ADB funding mandated the assembly of a
crediblestructure plan for the metropolitan region, parastatal
authorities were able todraw upon transnational and domestic aid
agencies and consulting firms in orderto coordinate
multi-organizational projects with GIS at their core. After
thesuccessful completion of the structure plan, government leaders
and bureaucratswere willing to invest more resources in GIS
products. By 2000, a multi-authority project required the transfer
of development funds to several domestic

and foreign consultants for the production of a common database
to be sharedby all investing offices. Five years earlier, the BDA
had presented an inadequatemaster plan for Bangalore by employing
its own personnel to generate arelatively crude series of hard-copy
maps that remained virtually unavailable forthe public. Now, by
involving itself in a collaborative work mode, it was aimingtoward
an information system that offered the potential for sophisticated
quanti-tative analysis and access by the public.

During the 1990s, following the early lead of Japan, governments
in NorthAmerica and Europe began instituting Information Society
programs designed topave the way for a transnational transition
into a digital age. While relying oninnovation within the private
sector, these programs visualized the transform-

ation of work processes within the public sector toward
paperless offices, withan improvement of democratic participation
and service delivery through theapplication of information systems.
By the late 1990s, the government of Indiaand the state government
of Karnataka had followed suit by establishingspecialized
ministries and departments focused on the implementation of
infor-mation society programs.

This article has been a contribution to an analysis of such
programs and theirrelationship to theories of the milieu of
innovation, a subspecies of the globalcity. The case study
presented here indicates that, in the field of urban
planning,organizational change within the public sector remains
embedded in more

long-term historical processes of social and technological
innovation. Thehistory of GIS in Indias city of the future,
demonstrating the growth of widernetworks of expertise and
specialization, suggests that the transition to anurbanized
information society will involve a gradual expansion of
institutionalcomplexity and a re-positioning, rather than a
supplanting, of long-establishedparastatal authority.
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Bangalore Metropolitan Region Developmentplanning policy,
proposals and prospects, NationalSymposium on Planning and
Development of Metropolitan Bangalore, March 2729, 1987
(Bangalore:Bangalore Development Authority, 1987). See also
Bangalore Metropolitan Region Development Auth-ority (BMRDA): a
note on the activities of the BMRDA, distributed at the Karnataka
chief ministersmeeting to discuss the Comprehensive Development of
Bangalore City, 7 December 1996.

14. The chief minister of the state government was the chair of
BMRDA, while the Minister for UrbanDevelopment was the
vice-chairman. The board consisted of nineteen members representing
variousparastatals and the city government. There was also an
executive committee chaired by the Minister forUrban Development.
The director was a Metropolitan Commissioner from the Indian
AdministrativeService, assisted by two town planners and an
Assistant Commissioner from the Karnataka Administrative

Service. The BMRDA employed several town planners with a small
support staff. Interviews with P.Bathanlan, Deputy Director of Town
Planning, Bangalore Metropolitan Region Development Authority,June
1997 and August 1999.

15. Government of Karnataka, Human Development in Karnataka 1999
(Bangalore: Planning Department,1999), pp 156, 161162.

16. For the history of water provision in Bangalore until the
1990s, see Suryanath U. Kamath (ed), KarnatakaState Gazetteer
(Bangalore: Government of Karnataka, 1983), part 2, p 475; A. N.
Thyagaraja, Provisionof water supply, sewerage and solid waste
disposal in Bangalore metropolitan area, National Symposiumon
Planning and Development of Metropolitan Bangalore, March 2729,
1987 (Bangalore: BangaloreDevelopment Authority, 1987); and
Comprehensive Development Plan (Revised) BangaloreReport, opcit,
Ref 12, p 53.

17. In 1998, United Nations Habitat rated the Cauvery Third
Stage project a good practice, an example ofcoordination among
seven government agencies with financing from HUDCO and the Life
InsuranceCorporation of India. Website: Habitat Best Practices,
http://www/bestpractices.org/cgi-bin/

bp98.cgi?cmdpreview, accessed 1 July 2002. See A. Ravindra,
Cauvery Water Supply Project forBangalore: A Multi-Agency Approach
to Financing,
http://www.sustainabledevelopment.org/blp/learning/casebooks/uncrd/ravindra.pdf,
accessed 1 July 2002.

18. Government of Karnataka, Human Development in Karnataka
1999, op cit, Ref 15, p 163; and BangaloreWater Supply and Sewerage
Board, http://www.bwssb.org, accessed 1 July 2002. All dollar
prices areUS$.

19. Karnataka Urban Infrastructure ProjectAn Outline. Proposal
to the Asian Development Bank (Banga-lore: Bangalore Metropolitan
Region Development Authority, 1993).

20. Interviews with David Antell, Asian Development Bank
technical team, August 1994; and P. Bathanlan,Deputy Director of
Town Planning, Bangalore Metropolitan Region Development Authority,
June 1997.

21. The Indian Space Research Organisation (ISRO) had launched
its first operational remote sensing satelliteIRS-1A in 1988,
followed by the second, identical satellite IRS-1B in 1991 (both
launched on Vostokrockets from the USSR). Subsequent launches of
remote sensing satellites included IRS-1C (1995), IRS-P3(1996), and
IRS-1D (1997). The launch of IRS-P4 (OCEANSAT) in 1999 on the
Indian Polar Satellite

Launch Vehicle marked the moment when the remote sensing program
achieved self-sufficiency in bothsatellite and launch capabilities.
Subsequent planning called for IRS-P5 (CARTOSAT) and
IRS-P6(RESOURCESAT) by 2002. The NRSA near Hyderabad received data
from the IRS satellites and also USLANDSAT images, processed them
at the NRSA Data Center there, and made them available togovernment
agencies and to consultants with adequate connections. The
Spacecraft Control Centre, one ofthree ISRO ground stationsthe
Secretariat of the National Natural Resources Management System
thatprovided data servicesand a Regional Remote Sensing Service
Center were located in Bangalore. Seewebsite: ISRO,
http://www.isro.org, accessed 1 July 2002.

22. The satellite photographs included a series shot by IRS-1B
in 1994 and LANDSAT imagery from 1985.See Integrated Resources
Analysis for Structure Plan of the Bangalore Metropolitan Region:
Technical

Report (Hyderabad and Bangalore: Indian Resources Information
and Management Technologies (Private)Ltd. and Bangalore
Metropolitan Region Development Authority, 1995).

23. Structure Plan for Bangalore Metropolitan Region (Bangalore:
Bangalore Metropolitan Region Develop-ment Authority, 1995).
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24. Comprehensive Traffic and Transportation Studies of Greater
Bangalore (New Delhi: Central RoadResearch Institute, 1973).

25. Japanese economic assistance (beginning in 1996) funded the
involvement of Pacific ConsultantsInternational, the international
arm of Pacific Consultants Group based in Tokyo. Founded in 1951,
this

firm specialized in planning, engineering and construction, and
employed 1600 professionals with officesin fourteen countries. See
website: Pacific Consultants International,
http://www.pci-world.com, accessed1 July 2002.

26. Bangalore AZ (Bangalore: Karnataka State Council for Science
and Technology, 1989). Financial supportfor this project came from
the BCC, the BDA, Karnataka Electricity Board, the BWSSB, and the
stateDepartment of Science and Technology. The house numbering
plan, which would establish a US-styleallocation of even or odd
numbers to plots, remained unimplemented in the late 1990s. See
NaheedAtaulla, House numbering system in city is put on the
back-burner, Times of India, 9 January 1995.

27. One-half of the funding for the NRDMS came from the
Government of Indias Department of Science andTechnology, and
one-half from the Government of Karnatakas Department of Science
and Technology.The types of data initially sought by the teams
included commercial establishments, industries,
villageadministration, cropping patterns, forestry, election
polling stations, roads, educational institutions, banks,health
facilities, veterinary facilities, milk societies, watershed
geography and water resources, and ruraldevelopment projects. See
interviews with D. R. Ramesh, central NRDMS laboratory, Bangalore,
October

1994; Kamala Prabushankar, Project Associate at NRDMS, Mysore,
November 1994; and NaturalResources Data Management System for
Karnataka (Bangalore: Karnataka State Council for Science
andTechnology, 1993).

28. The ESRI began as a consulting group in Redlands,
California, USA in 1969 with an investment of $1100.The
introduction in 1981 of its GIS software package, ArcInfo,
propelled it to global leadership in themarket share of GIS
software, especially after the introduction of its graphical front
ends, ArcView (1991)and ArcCAD (1992). See website: ESRI,
http://www.esri.com(, accessed 1 July 2002. The NRDMS centerin
Mysore first received a copy of ArcView during a visit to their
laboratory by Dr Gerald Rushton anda team from the Geography
Department at Iowa State University.

29. In 1986, The Netherlands Habitat Commission (NHC) was
founded to consolidate funding and raiseawareness in government
circles on problems of global urbanization. It began to focus on
Bangalore asthe site of its activities in India after 1990, through
a request by the Government of India for a modelprogram in large
cities. The biggest problem they identified was a lack of
coordination among the largenumber of NGOs attempting to address
poverty issues. They therefore appointed a local coordinator to

facilitate and monitor project implementation, and to assist in
the formulation of project proposals byBangalore NGOs. His brief
called for the construction of an information system that would
providedecision support for slum dwellers, and for the
organizations supposed to aid them. In 1992, a neworganization
formed by the government of The Netherlands called the Spearhead
Urban PovertyAlleviation (SUPA) replaced the NHC as the source for
assembling and sending aid to Bangalore. InNovember 1993, based on
the preliminary work carried out by the local coordinator, SUPA
established theBangalore Urban Poverty Programme with funding of
Rs.1.5 crores ($4.8 million). See Cor Dijkgraaf andJoop de Wit,
Participatory approach to urban poverty alleviation in Bangalore,
in Kulwant Singh andFlorian Steinberg (eds), Urban India in Crisis
(New Delhi: New Age International, 1996), pp 219232).

30. de Wit utilized the vector-based package Genamap 4.1, the
raster-based package GRASS, and therelational database RIM to
portray 100 variables gathered through questionnaires canvassed in
411 slums.He then digitized a 1983 Survey of India map of Bangalore
at 120,000 scale as a base and combined itwith administrative
boundaries from the BDAs 1984 CDP map, on which to overlay
distributions of slumlocations. de Wit created attractive
chloropleth maps that showed areas in the city where different
slums

displayed similar values, in relation to distance from dual city
centers or in relation to buffers aroundroads, railways, or water
lines. I first encountered this study when Cecil J. Saldhana
displayed some of itsslides during a presentation on the
environmental crisis of Bangalore at National College in July 1994.
SeeM. J. de Wit, Geographical Information Systems, Remote Sensing
and Slums in Indian Cities: The Caseof Bangalore (Amsterdam: Indo
Dutch Programme on Alternatives in Development, 1992); and Cecil
J.Saldanha (ed), The slums of Bangalore, an example of a GIS as a
decision support system, inKarnatakaState of Environment ReportVI
(Bangalore: Centre for Taxonomic Studies, 1993), pp 5781.

31. These included: Workshop on Technology Development, Finance
and Human Resources in Karnataka, 57March 1987 (Hyderabad: Dr Rao
Associates, 1987); Innovations in Industrial Development and
Compet-itiveness in Karnataka (Hyderabad: Dr Rao Associates, 1987);
Arthur D. Little, Inc., Technology

Development on a State Level Focused on National Goals: A
Concept Paper Applied to the State ofKarnataka, India (New Delhi:
United States Agency for International Development, 1987); Tim
Campbelland Bill Wicksteed, The Spatial Implications of Technology
Development in Bangalore (New Delhi: Officeof Technology
Development and Enterprise, United States Agency for International
Development, 1987);
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and SRI International, Karnataka in Transformation: A Blueprint
for Action (New Delhi: United StatesAgency for International
Development, 1987).

32. Extract from a USAID project paper: Emerging Industries in
Karnataka, Project 3860507 (Bangalore:Centre for Technology
Development, 29 July 1989).

33. Equipment in the NAL laboratory included four computers with
Intel 80386 processors, a plotter, severaldigitizing tables,
printers, and software that included AutoCAD and ArcInfo. I worked
in this laboratoryfor 4 months in early 1995. See also Annual
Administration Report, April 1993March 1994 (Bangalore:Centre for
Technology Development, 1994), p 14.

34. The other business lines included: (1) business database
systems including a strategic alliance with SAPAG of Germany to
market their SAP R/3 product; (2) real-time systems for medicine,
transport anddefense, embedding knowledge bases, fuzzy logic and
process model bases; (3) applications for computer-aided
manufacturing; (4) computer-aided engineering with SIGRAPH
relational systems; (5) turnkeytelecommunications solutions; (6)
multimedia portfolios; (7) automated translation utilizing
METAL(Machine Translation and Analysis of Natural Language) for
Western European languages; and (8) officeautomation solutions.

35. Siemens GIS projects in India included cooperation with
Annamalai University in Tamil Nadu on coastalzone management and a
management system for the city of Chennai, plus a pilot project in
Bhopal forthe government of Madhya Pradesh on integrated forestry
management with funding from the World Bank.

36. Data for this paragraph come from an interview with A.
Sreenivas Bhashyam, Senior Executive,Marketing, Siemens Information
Systems, Inc., Bangalore, August 1997; Siemens: A unique
perspectiveto Information Technology (Bombay: Siemens Information
Systems, Ltd, 1997); and website: Siemens

Information Systems Limited,
http://www.sislindia.com/htmls/services/gis.htm, accessed 1 July
2002.37. In 199596, TIDEs science and technology projects included:
developing a workbook and demonstration

software for the GIS program GRAM that ran from a single floppy
disk on Microsoft Windows-basedcomputers; creating a research
database system for the Institute of Wood Science and
TechnologyBan-galore, based on a customized database package
running on Windows-based computers; writing afeasibility project on
the commercial extraction of hecogenin from sisal plants; the
technical developmentof micro-hydel power packs; editing the
journals Bioenergy News and Energy for Sustainable Develop-ment;
compiling a directory on conversion of waste to energy for the
National Bioenergy Board andco-hosting a national conference on
this topic; and writing studies on the financial viability of a
centralincinerator for hazardous medical waste, the feasibility of
establishing centers for processing dead cattle,and vericomposting
in private homes. TIDEs Development Research Foundation was
conducting basic

social and economic research on productivity and employment,
poverty alleviation, education, and theeconomic strengthening of
rural women for a variety of national and international NGOs. From
interviewswith S. Rajagopalan and Vinod Vyasulu, June 1997; and
Annual Report, 1996 (Bangalore: TechnologyInformatics Design
Endeavour, 1996).

38. The Mythri Sarva Seva Samiti began in 1987 with a mission to
benefit the poor, children, the environment,and civic engagement.
The Wastewise program promoted environmentally sound and socially
responsiblesolid waste management with participation by the
informal sector. See Directory of Voluntary Organisa-tions in
Karnataka and in Chittoor District, Andhra Pradesh (Bangalore:
Bangalore Cares, 2000), pp185186; and website: Bangalore Cares,
http://www.bangalorecares.org, accessed 1 July 2002.

39. The CEE, established in 1984 with support from the Ministry
of Environment and Forests of theGovernment of India, was
affiliated to the Nehru Foundation for Development. Its mission was
to improvepublic awareness of environmental issues and develop
programs for education and sustainable develop-ment. The CEE viewed
organizational networking as one of its primary goals,
participating in the Southand South-East Asia Network for
Environmental Education. Among the four regional cells, Bangalore
was

the home for CEE South, which identified priority projects in
community hygiene, solid waste manage-ment and protection of urban
greenery. See Sustainable urban development: the case of
Bangalore,Proceedings of the Consultative Seminar, 56 October
(Vancouver: Sustainable Development ResearchInstitute, University
of British Columbia, 1998), pp 3440; and Annual Report 199899
(Ahmedabad:Centre for Environment Education, Nehru Foundation for
Development, 1999), pp 6364. CEEs projectin Satyanagar was rated a
best practice in 1998 by United Nations Habitat. See website:
Habitat BestPractices,
http://www.bestpractices.org/cgi-bin/bp98.cgi?cmdpreview, accessed,
1st July 2002.

40. Information on Tangerine comes from several extended visits
to their offices in 1997, 1998 and 1999,including interviews with
their senior managers and staff. I produced proprietary reports on
the GIS marketin the United States in 1997 and 1998 for
Tangerine.

41. Information for this paragraph comes from an interview with
V. Narasimhan, Venkataramanan Associates,August 1997.

42. The overlays included arterial roads, secondary roads,
narrow roads, and narrow lanes; railway lines; lakes,drains, and
parks; and facilities including cinemas, hospitals, petrol bunks,
bus stops, and post offices.
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43. The Bangalore Street Atlas: A complete guide to the streets
of Bangalore City and its suburbs (Bangalore:Street Atlas Company
(India) Pvt. Ltd., 1998), 2nd edn.

44. They procured an IBM 320 PC server with a Pentium 100
processor, 32 Mb of memory, 1 Gb of diskspace, which ran Windows
NT. Two copies of the GIS application, one for the server and one
for a

separate node, cost a total of Rs.6 lakhs ($17,000). Information
on the initial stages of this project comesfrom an interview with
K. N. Shankar, Project Manager, TIDE, August 1997.

45. They ended up with overlays for contour lines, village
boundaries, roads, drainage (including tanks),railroads, and
settlements. For each entity they created a record in dBASE with
basic statistics and, forvillages, fields from Census reports. The
features were all fully functional by the beginning of
August1997.

46. The project funding channeled through KUIDFC (ADB Loan No.
1415-IND) supported the BangaloreSub Regional (BSR) Plan,
commencing 3 March 1997 for a 15-month consultancy.

47. Sonora Jha Nambiar, Plan to decongest Bangalore gets nod
from ADB, Times of India, 14 March 1995.For information on Gilmore
Hankey Kirke (GHK) International, see website: GHK,
http://www.ghkint.co.uk, accessed 1 July 2002.

48. Government of Karnataka, Karnataka Urban Infrastructure
Development Project (ADB Loan No. 1415 IN)South Karnataka Region
(SKR) Concept Plan: Executive Summary; Preparation of Bangalore
Sub-Re-gional Plan: South Karnataka Region (SKR) Concept Plan;
Bangalore Metropolitan Region (BMR) Draft

Structure Plan; and Priority Programmes and Projects: Companion
Report (Bangalore: GHK InternationalLimited, UK, in association
with Tata Institute of Social Sciences and Tata Economic and
ConsultancyServices, 1998).

49. The IUEIP received assistance from the Norwegian Agency for
Development Cooperation amounting toRs.290 lakhs ($776,000). The
BDA and the CEE contributed an additional Rs.74 lakhs
($198,000).Cooperating institutions included TIDE, the Tata Energy
Research Institute, and Wastewise, an undertak-ing of the Mythri
Sarva Seva Samithi. See Annual Report 199899 (Ahmedabad: Centre for
EnvironmentEducation, Nehru Foundation for Development, 1999), p
61; Annual Report 199899 (Bangalore:Bangalore Development
Authority, 1999), pp 1314; Government of Karnataka, Urban
DevelopmentDepartment, Annual Report 19992000 (Bangalore:
Government Press, 2000), p 38; and Annual Report,2000 (Bangalore:
Technology Informatics Design Endeavour, 2000), pp 45.

50. The consortium included the following agencies, each
contributing 16% of the cost: BDA, BWSSB,Karnataka Electricity
Board (KEB), Department of Telecommunications of the Government of
India, BCC,and seven City Municipal Corporations (Bommenahalli,
Byatarayanapura Dosanahalli (Dasarahalli),

Krishnarajapura, Mahadevapura, Pattanagere, and Yelahanka). In
addition, the Bangalore MetropolitanTransport Corporation chipped
in 4%. See Government Order No. UDD/308/MNJ/98/Bangalore, 4December
1998; and interview with L. R. Rudraiah, Urban Planner, Bangalore
Development Authority,August 1999.

51. Bansy Kalappa, BDA has every locality at its fingertips,
Times of India, 19 June 2001.52. Information on the SCE-IRAMconsult
operations in Bangalore comes from an interview with Serge

Rochepeau, Manager, SCE Asia Branch, Bangalore, December 2000.
He made available to me schematicsof hardware system design and
documentation. See Computerised Mapping, GIS Development and
UtilitiesComputerisation for Bangalore Water Supply and Sewerage
Board (BWSSB), Bangalore, India (Banga-lore: SCE Asia Branch,
2000); Expertise NRSA base maps provided on 14th September 2000:
Qualityassessment, proposal for integration and consequences for
BWSSB, BWSSB GIS Project, Phase 9, Report5) (Bangalore: SCE Asia
Branch, 2000); and websites: SCE, http://www.sce.fr and IRAMconsult
Inter-national Private Limited, http://www.iramconsult.com,
accessed 1 July 2002.

53. The chairperson of the Bangalore Agenda Task Force was
Nandan Nilekani (Managing Director of

Infosys), and its members included Kalpana Kar (a longtime
member of Tata Administrative Services andHonorary Director of the
Cancer Patients Aid Association), Naresh (Venkataraman Associates),
SamuelPaul (Director of the Public Affairs Centre), M. K.
Ramachandra (President of the Greater MysoreChamber of Commerce),
chartered accountant Ramesh Ramanathan (owner of an investement
firm,Ramanathan Capital, Mauritius), M. K. Ravichandar (head of
Feedback Marketing Services), and scientistRaja Ramanna
(chairperson of the Governing Council of the Indian Institute of
Science). Secretary K.Jairaj was replaced by Shantanu Consul, who
went on leave and was replaced by Jaykar Jerome (Directorof the BDA
and acting Commissioner of BCC). For the mission of the BATF, see
Government ofKarnataka, Urban Development Department, Annual Report
19992000 (Bangalore: Government Press,2000), p 3.

54. The seven civic stakeholders were the BCC, the BDA, the
BWSSB, the Bangalore MetropolitanTransport Corporation, Bangalore
Police, Karnataka Power Transmission Corporation Limited,
andBangalore Telecom. See website: Bangalore Agenda Task Force,
http://www.blrforward.org, accessed 1July 2002.
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55. One example of publicity was a commission given to filmmaker
Michael Isaac





						
LOAD MORE                    

                                    


                
                    
                    
                                        
                

                

                        


                    

                                                    
                                6FDA Report 2-year Gains and Success.pdf

                            

                                                    
                                New haven - Luxury 2 BHK & 3 BHK apartments, Bangalore's first Green Township, Tumkur Road. Call 9740410022

                            

                                                    
                                Hypontise Yourself for Success.pdf

                            

                                                    
                                THE BOOK OF ME - LIFE COACH YOURSELF TO SUCCESS.pdf

                            

                                                    
                                Case Study MANTRI SQUARE MALL, …cistup.iisc.ac.in/pdf/madeprolib/Mantri.pdfMANTRI SQUARE MALL, MALLESHWARAM CONTEXT Urban Fabric MALLESHWARAM ~ One of Bangalore's early residential

                            

                                                    
                                27 Secrets To Landing Page Success.pdf

                            

                                                    
                                Bangalore's traffic mess Solutions

                            

                                                    
                                H.Douglas Brown - Srategies for Success.pdf

                            

                                                    
                                The Secret Code of Success.pdf

                            

                                                    
                                By Eric Taller - d1t9m963ilj7ob.cloudfront.netd1t9m963ilj7ob.cloudfront.net/.../Brain-Elevation-for-Success.pdf · Secret to Success – and Why Brain Elevation Is By Eric Taller

                            

                                                    
                                mogappairmail.commogappairmail.com/wp-content/uploads/2016/04/May1.pdf · TRAINING COURSE Dayca re Come & Explore Bangalore's most admired preschool NOLAMBUR 410+ TRANSPORT AVAILABLE

                            

                                                    
                                roadmap to ielts speaking success.pdf

                            

                                                    
                                Graphic1 - Benaka Electronicsbenaka.com/images/Brochure_Benaka.pdf · 2014. 1. 30. · manufacturing facilities in Bangalore's prominent industrial park at Rajajinagar. The company

                            

                                                    
                                From Stress to Success.pdf

                            

                                                    
                                GOLDEN GATE'S PRESIDENTIAL TOWER - 3, 4, 5 BHK luxury apartments, Bangalore's tallest . 9740410022

                            

                                                    
                                 · Bangalore's growth story as Silicon Valley of India is ... Old Madras Road and Old Airport ... Big Bazaar Hypercity

                            

                                                    
                                BANGALORE'S PROPERTY PROMOTER'S NEVER ENDING WOES

                            

                                                    
                                An Integrated Transport Systems Approach to Solving Bangalore's Mobility Problems

                            

                                                    
                                to Success.pdf    Created Date 3/14/2004 2:05:14 PM 

                            

                                                    
                                assesing expatriate success.pdf

                            

                                                    
                                Bangalore's Greenest Homes: Chockalingam Muthiah on his green home

                            

                                                    
                                Vegetation in Bangalore's Slums: Boosting Livelihoods, Well-Being 

                            

                                                    
                                Silverturtle's Guide to SAT and Admissions Success.pdf

                            

                                                    
                                Bangalore’s bitter PIL - Policy Forum ...wgbis.ces.iisc.ernet.in/energy/...bangalores-bitter... · 6/7/2018  · Bangalore's bitter PIL Can public interest litigation save the city's

                            

                                                    
                                Richer Bosses, Poorer Workers · Richer Bosses, Poorer Workers . Bangalore's Garment Industry . CIVIDEP & SOMO . July 2009

                            

                                                    
                                ลายแทงแห to success.pdf · 2013-08-27 · คำาปรารภ สารบัญ ๑. ลายแทงแห่งความสุข ๑ 1. The Roadmap to

                            

                                                    
                                the success.pdf

                            

                                                    
                                Practical Micro. Mn el-A5er Easy Success.pdf

                            

                                                    
                                Bangalore's Greenest Homes: GV Dasarathi's Kachra Mane

                            

                                                    
                                Oral connective tissue grafting- evidence-based principles for predictable success.pdf

                            

                                                    
                                _Quotes_ for Teachers_ Perseverance, Determination, Achievement and Success.pdf

                            

                                                    
                                Dasarathi - Bangalore's Traffic Mess

                            

                                                    
                                IBM Customer Success.PDF

                            

                                                    
                                Bangalore's traffic mess Solutions. The problem 54365865449674% increase 201020072005200019951990 198 51980Year Road space needs to double every 5 years

                            

                                                    
                                Digital Structured Interviews-The Secret to Doubling Your Recruiting Success.pdf

                            

                        
                    

                                    

            

        

    

















    
        
            
                	About us
	Contact us
	Term
	DMCA
	Privacy Policy



                	English
	Français
	Español
	Deutsch


            

        

        
            
                Copyright © 2022 VDOCUMENTS

            

                    

    










