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Abstract  

This paper explores the use of GIS to improve the system of service delivery and strengthen 

finances of urban local bodies in India. A few good practices have been deconstructed to 

identify the role of GIS and enabling factors that have led to a smooth transition from a 

manual system to an IT-enabled administrative operations as well as service delivery in 

Indian cities.   



2 
 

I. Introduction 

The poor state of delivery of basic services in Indian cities and towns is a matter of growing 

concern as urbanisation picks up pace in the context of structural transformation of the Indian 

economy. Close to 91 million people were added to India’s urban population between 2001 

and 2011, and another 200 million are expected to come on board over the next 20 years. 

These numbers are daunting because they point to the immense pressure on local 

governments to ensure efficient delivery of services. To prepare the cities for the challenges 

of rapid urbanisation, the Jawaharlal Nehru National Urban Renewal Mission (JNNURM), 

launched by the Ministry of Urban Development, Government of India in 2005 was a 

programme targeted at bridging the investment deficit in urban infrastructure. While it is true 

that good quality infrastructure must be put in place and maintained for services to be 

provided, inefficiency in delivery mechanisms will make investments in the former count for 

naught.  

Information Technology has a major role to play in improving the efficiency in delivering 

public services and making the process of delivery transparent. The role of information 

technology (IT) in improving competitiveness of private sector operations is well known. 

Evidence is beginning to emerge in Indian cities, which suggests that IT can yield similar 

dividends in the public sector. A number of cities like Hyderabad, Bangalore, Ahmedabad, 

Surat, Mumbai, Kalyan-Dombivli, Pune, Chennai, and Kolkata are using IT to deliver public 

services such as issuing birth and death certificates, building permits, paying  utility bills, 

accepting applications for passport, etc. online and through citizen civic centres.  

Geographical Information System (GIS) has emerged as an important instrument in 

improving operational efficiency in planning and management of urban infrastructure and 

services in India. It integrates hardware and software applications to capture, analyse and 

display all forms of spatially referenced information of an area, e.g., location, density, 

surrounding infrastructure, etc. Since GIS database and other complementary IT technologies 

will need to be maintained by urban local bodies (ULBs), it is important that they are 

financially able to do so. This calls for the need for levying and raising user charges. Besides, 

predictable transfers from the Centre and states, and an own list of “exclusive” taxes will go a 

long way in helping ULBs gain the financial autonomy to discharge the larger responsibilities 

assigned to them under the 74
th

 Constitutional Amendment.  
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This paper presents qualitative evidence on the role of GIS in city management in India. 

Section III presents an overview of GIS-led technological innovations that are underway in 

improving the delivery of some basic services such as water supply, solid waste management 

and power supply in India. Section IV discusses the contribution of GIS in augmenting 

finances of municipal bodies through better mobilisation of revenue from property taxes and 

user charges on delivery of some services. Section V focuses on need for administrative and 

legislative reforms as key enabling factors for reaping the gains of technology in the system 

of service delivery. Section VI concludes. 

 

II. GIS as a mapping and information tool 

The origins of the use of GIS in India can be dated to the 1980s when satellite imagery was 

used for national security and natural resources management. GIS uses satellite image and 

aerial surveys to coordinate and track movements of troops, supplies and weapons, and plan 

airstrikes with a level of accuracy that ensures minimum loss of life. It also serves as an 

information and planning tool for mining and related activities with minimum environmental 

damage, conservation of natural habitat of species by accounting for climate change and 

human activity, etc. However, its application for urban planning and public service delivery is 

more recent. The novelty of this technology lies in its ability to assimilate and analyse data by 

integrating multiple layers of thematic information and attributes (soil quality, area under 

wheat cultivation, drainage networks etc.). The information database acts as an analytical tool 

for planned action when thematic layers are juxtaposed with other parameters such as 

population trends, rainfall patterns etc.  

However, GIS is beneficial only after the requisite spatial and non-spatial information is 

available to run multi-variate analysis. Satellite images and aerial surveys are an important 

component of a dynamic database, and therefore must be updated regularly for GIS to be an 

effective policy instrument. Japan is an excellent example where aerial images and maps are 

updated with higher resolution every year. This exercise is crucial to maintain the quality of 

the database of a country which is highly prone to natural disasters. In India, there hardly 

exist updated GIS maps for any region. The presence of different resolution maps for cities 

pose a challenge when then the agency that prepares the map is not the same as one which 

provides its updated version.  
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On a positive note, GIS technology has been used by urban local bodies (ULBs) to extend 

coverage of water supply and solid waste management, reduce power losses and increase 

property tax collection. It was also used to guide relief operations as a massive earthquake 

shook the Kachchh district of Gujarat in 2001. Four cities - Bhuj, Anjar, Bachau and Rapar - 

suffered near total destruction; the damage was also widespread in other cities like 

Ahmedabad, Rajkot, Jamnagar and Patan. GIS maps played a crucial role in relief and 

rehabilitation operations. Base data on the extent of damage, requirement of relief material, 

shelter and rehabilitation etc., was collected by Environment Planning Collaborative, an NGO 

based in Ahmedabad, and linked to the district boundary map on the GIS database.  

Unlike in developed countries, GIS technology has not been used much in urban planning in 

India (Box). Most Master Plans are manually prepared by urban local bodies, which is a time-

consuming exercise, and by the time they are ready to be implemented, population growth, 

change in land use, etc. render such plans redundant. Although preparing a base map for GIS 

is also time consuming, adding/editing information is faster once the map is ready. The 

strength of GIS is its ability to create/update distinct layers of information on roads, water 

and sewerage networks, open spaces, etc. which can be superimposed on a base map of the 

planning area.  

Box 

In 1996, the Government of Gujarat launched a GIS-based approach to town planning for 

Anand Municipality. The objective of the project was to develop an information system for 

Town Planning Schemes by re-constituting properties according to the landuse database on 

GIS. The details of the original plot (area, value, ownership details), which were added to 

GIS helped in arriving at a compensation to the landowners after re-constitution of properties. 

GIS was also used to prepare a development plan for Kalyani municipality (part of Kolkata 

Metropolitan Area) under the DFID project to provide urban services to the poor, in 2007. 

The Development Plan recommended the opening of health centres for slum dwellers in 

Kalyani. Since the slums were spread unevenly across the municipality and vacant land was a 

constraint, GIS was used to determine the optimum location of the health centres. More 

recently, the Directorate of Town and Country Planning of Bhopal collaborated with Indian 

Space Research Organisation (ISRO) to prepare a Master Plan 2011 for Indore using GIS and 

Remote Sensing technologies. At the start of the planning process in 2001, it was estimated 

that the city’s population would increase from 18 lakh to about 27 lakh by 2011. To meet the 
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additional pressure on land, an integrated planning scenario combining physical attributes of 

the terrain, environmental parameters such as flood-prone regions, air and water quality, and 

infrastructure facilities was generated on a GIS platform. The final suitability of land for 

urbanisation was carried out by merging the urban land-use analysis with the environmental 

sensitivity layer on the GIS. 

 

III. Using GIS for efficient delivery of public services: Water Supply, Solid Waste 

Management, and Power supply 

GIS can be used to achieve operational efficiency in the delivery of water supply, solid waste 

management and power supply. In the case of water supply and electricity distribution, GIS 

has been used to expand coverage, identify leakages and detect illegal connections. In the 

case of solid waste management, it has been used to determine the location of community 

dustbins, optimal collection route, and landfill sites. An integration of GIS with IT 

applications like Management Information System
1
 (MIS) creates a two-way transparency 

and accountability between the urban local body and the citizens. 

(a) Water Supply 

The present state of service delivery in India shows that close to half of the country’s urban 

population does not have access to piped water, and even those with access receive only three 

hours of supply per day, on average (MoUD, 2011). Three stages can be identified in the 

water delivery system – location of bulk source at a reasonable distance from the city and 

adequacy of bulk supply, a distribution network of pipes within the city, and 

individual/shared connections to ensure access and billing. The deficiencies relate to poor 

coverage of the distribution network resulting from breaks/leakages in the pipes, ill-

maintained capital assets, un-metered connections, theft, and poor billing and collection. 

These deficiencies result in a large proportion of water not generating any revenue on 

                                                           
1
 A Management Information System is a computer-based set of systems and procedures that gather information from a 

range of sources, compile it into a single database for efficient decision-making. For example, it allows the 
managers/officials to view financial data such as daily revenues and expenses at a glance and attribute them to specific 
departments. The system can generate reports to provide a comprehensive overview of all the business processes and 
resources for greater operational efficiency and transparency.  
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delivery, commonly being referred to as Non-Revenue Water.
2
 In India, about 50 per cent of 

the water supplied is “lost” in the distribution networks, either through physical losses (i.e., 

breaks/leakages in the pipelines), or financial losses (i.e., theft, un-metered connections, and 

un-paid bills).
3
  

GIS-led IT innovations have made significant contribution in overhauling the system of 

service delivery, beginning with preparing a database of existing infrastructure assets and 

planning for their augmentation; identifying leakages in pipes, illegal connections, etc.; and 

finally, bringing about transparency in administrative functioning through proper metering, 

generation of electronic bills and enabling payments online.  

Faced with the rising demand for water and sanitation services by a growing urban 

agglomeration, Bangalore Water Supply and Sewerage Board became the first utility to 

develop a GIS database of the entire distribution network from the bulk source to individual 

connections in 2000. The base map covering an area of 290 sq km was provided by the 

National Remote Sensing Agency. The project was implemented in collaboration with the 

Government of France, and M/s SCE France was assigned the work of developing GIS. A 

private company (Genesys International) was awarded the contract of operating and 

maintaining the GIS database in 2003. The French company developed a GIS database, called 

Bangalore Information System on Networks (BISON), which comprises of multi-layer data 

on consumer demand and billing records, road network, spatial and non-spatial attributes of 

water and sewer lines, reservoirs, pumping stations, water treatment plants, sewage treatment 

plants, etc.  

The presence of a comprehensive GIS database has enabled the Bangalore Water Supply and 

Sewerage Board to improve service delivery through better operation and maintenance of 

existing assets, augmentation of distribution networks, tracking consumers who have 

defaulted on their bills, quick identification of leakages and redressal of consumer 

complaints, water audits, etc. The water supply and sewerage bills that are issued to the 

consumers are linked to the GIS. This has improved collection efficiency from 80 per cent in 

2002-03 to 92 per cent in 2011-12. However, in spite of a complete database on the water 

                                                           
2
 Non-Revenue Water refers to technical and operational inefficiency in the delivery of water supply. Technical losses are a 

result of poor maintenance of capital assets and weak incentives for water conservation. Commercial losses include less 
than 100 per cent billing, distribution of free water (public standposts as well as illegal connections), and lack of willingness 
of consumers to pay because the service is so bad. 

3
 Administrative Staff College of India (ASCI), 2011 
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distribution network, the Board has not been able to leverage this information to reduce Non-

Revenue Water, which has remained high at 40 per cent.  

Maharashtra Sujal Nirmal Abhiyan (MSNA), a state-led reform programme in 2010 provides 

a holistic way of addressing the challenge of drinking water delivery by combining the power 

of technology with good administrative practices, and building in some elements of 

sustainability. The reform programme was launched with the final objective of achieving 

continuous supply of water along with improvements in sanitation in all 283 urban local 

bodies (excluding Mumbai) in Maharashtra.  

The use of GIS for preparing a database of existing assets was a pre-requisite before any 

infrastructure work could be undertaken. To support the development of a comprehensive 

database, field surveys were undertaken to collect demand details of the consumers. This 

information was added to GIS to identify illegal connections and regularise them. GIS was 

integrated with Hydraulic Modelling to analyse the deficiencies in the existing distribution 

network. But even before hydraulic modelling was undertaken, a re-zoning of distribution 

network was done to create District Metered Areas. Bulk flow meters were installed to 

monitor the flow of supply and identify points of leakage. A hydraulic model generates an 

ideal scenario (“what-ought-to-be”) of a water distribution system by making use of currently 

available information such as length of piped network, age and material of pipelines, etc. This 

scenario is then compared with the amount of water at each stage of the distribution system 

(“what-is” scenario) to identify the points of leakage. The district metered areas help to 

isolate the leakage within a specified neighbourhood. A hydraulic model can test the 

adequacy of the existing infrastructure of the water system (i.e., bulk source, water treatment 

plants, reservoirs and pipelines) to cater to the needs of a growing population over a 30-year 

period. GPS technology is used to collect geo-referenced information on the 

components/characteristics of the water network (location of reservoirs, length and diameter 

of the main pipeline, type and material of valves, municipal boundary, etc). With the help of 

GPS technology, the location of water leakage in pipelines, valves etc. can be traced in the 

GIS-based water network for immediate rectification. 

WaterGEMS software, used for hydraulic modelling, utilises attributes of the water network 

to run specific technical checks for assessing the suitability of the system to deliver water 

with a given quantity and pressure at different times of the day. If the existing system is 

found inadequate, the software recommends upgrades such as replacement/laying of pipes, 



8 
 

repair of valves, provision of additional reservoirs etc.
4
 The success in achieving and 

maintaining 24x7 water supply lies in combining the use of technology with a host of 

administrative reforms to reduce Non-Revenue Water, e.g., metering of all connections, 

energy audit of equipment for optimal power consumption, and water audit of the distribution 

system for operational efficiency.  

In a separate innovation to improve service delivery, most ULBs have moved to 

computerised billing and collection of water charges. The MSNA introduced a volumetric 

tariff structure for all categories of consumers. This means that the price per unit of water 

consumed remains constant upto a certain pre-determined level (block). As the water 

use increases beyond that point, the tariff is higher for the next block of consumption. This 

was supported by Automatic Meter Reading (AMR) system for transparency in billing 

procedures. The AMR-enabled water meters can be read from a distance through radio 

frequency captured by a handheld device. In order to encourage conservation of water, the 

ULBs offered a 15 per cent discount for usage of less than 55 lpcd by users.  

The use of automatic meter readers is relatively uncommon for water utilities as they are 

expensive. Most urban local bodies have adopted the cheaper option of providing GPRS-

enabled mobile phones to the revenue officials to generate bills and collect payments at the 

consumers’ doorstep. The Hyderabad Metropolitan Water Supply and Sewerage Board was 

among the first to initiate spot billing and collection of water charges in 2009. This was in 

response to the problems with reading water meters, maintaining a manual record, and the 

lack of integration with the online financial accounting. A fleet of meter reading staff were 

given GPRS-enabled hand held device (with an integrated printer) to issue bills and collect 

receipts at the customers’ doorsteps. The information on amount payable was instantaneously 

uploaded on the organisation’s server and integrated with its online accounting module. 

Similar improvements in collection efficiency through spot billing were later incorporated in 

Bangalore, Nagpur and the three cities of Karnataka namely, Hubli-Dharwad, Belgaum and 

Gulbarga.  

  

                                                           
4
 Although hydraulic analyses can be conducted independent of a GIS, an integrated approach yields more reliable 

information for evaluating existing deficiencies with the help of operational data such as nature of customer complaints, 
repair history etc. In India, since GIS databases are not frequently updated and seldom depict the development plan of a 
city, hydraulic modelling can be done with the help of a snapshot (QuickBird view) of the area. But the model will reveal 
robust results only when it is integrated with an updated GIS database.  

http://www.sswm.info/glossary/2/letterw#term1430
http://www.sswm.info/glossary/2/letterw#term1430
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(b) Solid Waste Management 

Municipal Solid Waste (Management and Handling) Rules, notified by the Government of 

India in 2000, entrusted the urban local bodies with the responsibility of collection, 

segregation, transportation, processing and disposal of solid waste in their area. In 2008, the 

Ministry of Urban Development, Government of India set service level benchmarks which 

included 100 per cent collection, transportation, treatment, segregation and scientific disposal 

of solid waste. India generates close to 1.3 lakh tonne of municipal solid waste per day. Only 

70 per cent is collected, and a meagre 12 per cent is treated (CPCB, 2012). There is an urgent 

need for an integrated approach to solid waste management at the local level, particularly 

since with rising incomes, the solid waste is projected to increase to 4 lakh tonne, and its 

composition is expected to change to a lower share of biodegradables by 2025.
5
 The state 

governments should play an important role in facilitating the replication of good practices 

among urban local bodies.  

The use of GIS in developed countries in planning for collection, transportation and disposal 

of municipal solid waste has many lessons for developing countries like India. Countries like 

Greece, Australia and New Zealand use GIS to determine the optimal location of transfer 

stations, recycling units and landfills. With the data collected for GIS-generated collection 

routes, solid waste volumes are estimated which in turn determine the size of the transfer 

facility and landfill. The size of the facility is used as an input to determine the area required 

by ‘running a GIS query’ to select all plots of undeveloped land from a land-use map. Since 

transfer stations often face public opposition due to concerns of litter and odour, the ‘selected 

plots’ within a given distance (buffer) of schools, hospitals, etc, are eliminated by saving this 

as a distinct layer on the GIS. Another layer is created using these selected parcels and the 

road network to determine a subset of land plots that has adequate access to the landfill site 

with minimal impact on existing lifestyle and traffic patterns. The GIS-based approach in 

locating waste disposal sites not only reduces time and cost of site selection, but also provides 

a digital databank for long-term monitoring of the site. In the long-run, as a landfill reaches 

its capacity, GIS software can be used to analyse landfill cap scenarios based on the impact 

on adjacent land, volume and type of soil required for the cap, cost and duration of 

construction, etc. But even as GIS equips municipal authorities to plan for collection, 

transportation and disposal of solid waste more efficiently, the importance of segregating 

                                                           
5 

What A Waste: A Global Review of Solid Waste Management, World Bank Urban Development Series Knowledge Papers, 
March 2012  
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waste at source cannot be ignored. In fact, segregation ensures that the wet waste can be used 

for compost and biogas in a decentralised manner, thus reducing the energy needs of 

transporting this waste through long distances. The recyclable can then be handled separately 

and only the inert waste is transferred to the landfill, to be disposed of in a scientific manner. 

In India, the use of GIS is limited to mapping the municipal boundary to monitor the 

movement of garbage vehicles fitted with GPS tracking device (Box). Even though this 

limited application of technology enables the municipalities to reduce their fuel costs and 

improve collection efficiency, the increase in operational efficiency would be much more if 

GIS is used to plan the optimal location of the community dustbins and collection routes by 

analysing trends in garbage generation, traffic conditions at different times of the day, while 

taking account of properties, roads, capacity and number of garbage vehicles, etc.   

Box 

E-Management of Municipal Solid Waste: Pimpri-Chinchwad 

In 2010, Pimpri-Chinchwad Municipal Corporation implemented an IT-enabled programme of solid 

waste management. GPS-GPRS technologies were used for geographically referencing (or, geo-

coding) community dustbins on a Google map to arrive at an optimum collection route. A web-based 

application was developed to flag the bin as “served” once a picture (with a date and time stamp) was 

uploaded by the sanitary workers on the server through GPS/GPRS-enabled cell phones. All 

municipal vehicles were fitted with a GPS tracking device, and the web application alerted the 

officials if deviations were observed from the specified route. The software generated Management 

Information System (MIS) reports which were used by the Corporation to record the status of the bins 

(cleared/uncleared), number of trips made in a day, attendance of sanitary workers, quantity of waste 

deposited at the transfer station (through RFID tags on vehicles connected to the central server), etc 

on a real-time basis. This allowed for greater transparency in operations and accountability at the time 

of grievances lodged by the citizens for poor service delivery. 

In 2007, a GIS-based study
6
 was conducted to determine the optimal location of landfill site 

in Pondicherry. The selection criteria for the site were based on the guidelines from the 

Central Pollution Control Board of India and Central Public Health Engineering and 

Environmental Engineering Organisation.
7
 The land use map depicting human settlements, 

                                                           
6
 Centre for Pollution Control and Energy Technology, University of Pondicherry, and Centre for Environmental Studies, 

Anna University, Chennai 

7
 CPCB (2003); CPHEEO (2007) 
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agricultural land, water bodies and barren land, served as the base layer of the GIS. Thematic 

maps depicting the level and quality of groundwater, air quality, roads, ecologically sensitive 

areas, extent of soil permeability etc. were prepared as they were considered important 

factors influencing the location of a sanitary landfill.  An analytical software was used to 

assign weights to each theme based on the magnitude of its impact on the site location. Once 

the buffer maps (exhibiting the permissible distance beyond which the landfill can be 

situated) were superimposed on the base map with each thematic map acting as a governance 

criterion, an algorithm performed a constraint-mapping technique to eliminate the potentially 

unsuitable sites, and revealed 17 potential sites for construction of the landfill. Thereafter, the 

immediate local conditions were assessed to further reduce the potential site locations to only 

3. Most of the sites were eliminated on account of their proximity to high tension power lines 

and upcoming settlements, high permeability of soil, and distance from the municipal 

boundary.  

(c) Power Supply 

The power sector in India has long suffered from financial losses. Quite apart from the 

problem of the willingness to charge power tariff which covers costs, there are problems of 

inefficient operation and poor maintenance resulting in technical losses of electricity in the 

distribution network. The result is high levels of aggregate technical and commercial losses 

incurred by the electricity distribution companies. Attempts have been made to use 

technology to bring down high distribution losses of the power utilities. The adoption of GIS 

for network mapping, and its integration with other software packages is beginning to show 

improvements in service delivery of power distribution companies. 

The first step towards any improvement in service delivery is to prepare a base data of the 

infrastructure and the population being served. GIS has been used to prepare and update a 

dynamic network which can be traced down to the actual consumer at each feeder node. As in 

the case of real-time monitoring of water supply systems, power utilities have also made 

frequent use of SCADA to detect and regulate the flow and voltage of electricity and identify 

faults in the system on a real-time basis from a single point. With the integration of GIS and 

SCADA, the distribution companies can view the entire electrical network and locate the 

exact point of leakage.  

Tata Power Delhi Distribution Limited (serving 1.2 million people) and Reliance 

Infrastructure Mumbai Distribution Business (serving 2.7 million people) are among the few 
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distribution companies in India that are using GIS-based Outage Management System to 

detect and diagnose outages.
8
 The system is integrated with SCADA (to identify the fault 

location) and enterprise management systems (e.g., SAP) to dispatch repair crews and 

maintain a record of the outages to replace/renovate vulnerable assets over time. The use of 

automatic meter readers, based on GPRS/CDMA technologies, for billing, energy audit and 

theft identification have been critical in reducing AT&C losses from 54 per cent in 2002-03 

to 12 per cent in 2012-13 by Tata Power.
9
 In a further innovation to improve service delivery, 

RInfra’s outage management system is synchronised with mobile technology such that 

ground staff is immediately alerted about the outage, and the type of default and the estimated 

time for restoration is uploaded on the company’s server through GPRS-enabled mobile 

phones. This integrated approach allows the distribution companies to track their ground staff 

and communicate outage-related information to the consumers via sms/email alerts. 

Most slum areas do not have access to formal supply of electricity. This is partly because the 

density of settlements makes setting up of the distribution infrastructure difficult, and partly 

because sometimes it is assumed that the residents of slums would be unwilling to pay. The 

power utilities in Delhi and Mumbai have used GIS to extend coverage in slum areas for 

more inclusive service delivery, and also to reduce some part of their commercial losses 

(pilferage in supply accruing to non-slum areas is already mapped on GIS). Each cluster of 

hutments is allotted a unique walking sequence number and an electric meter, which in turn is 

connected to a numbered electricity pole on the GIS. To build a relationship beyond “purely 

commercial” interests, Tata Power and RInfra are providing life insurance and free medical 

check-ups to build trust with the slum dwellers. This has resulted in an increase in collection 

efficiency from 50 per cent in 2008-09 to 90 per cent in 2012-13 for Tata power and 40 per 

cent in 2008-09 to 95 per cent in 2012-13 for RInfra.  

Any effort at expanding coverage and managing network with GIS will be futile if the utility 

cannot reap the benefit of an increased consumer base through higher collections. Spot billing 

is being used by the State Electricity Boards of Karnataka, Andhra Pradesh and Rajasthan to 

eliminate the delay between meter reading and bill generation. The hand-held device is pre-

loaded with a software that is used to update information on various parameters (such as 

house number, meter number, meter readings). The data stored in the hand-held device is 

                                                           
8
 An outage management system is a software application that models the electricity network for tracking and displaying 

fault locations to guide restoration activities. 

9
 In the case of RInfra, the AT&C losses were merely 14 % in 2002-03, which declined further to 9.5 % in 2012-13 
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downloaded to a central server, and updated MIS reports on monthly revenue collections, 

trends in energy consumption and tariff charged to the consumers etc can be generated by the 

distribution companies.    

 

IV. Using GIS to mobilise municipal finance  

In recent years, a number of urban local bodies have used GIS technology to improve 

coverage and realize the revenue potential from property tax. Since property tax is the biggest 

contributor to a ULB’s own revenue (53 per cent as per the Thirteenth Finance Commission, 

2010), and the coverage of properties is relatively low, improvement in collection would 

require that all taxable properties are brought under the tax net. The prerequisite for a GIS-

linked property database of a city is a base map of all properties. The satellite image of the 

area is vectorised to create a base map and is printed on paper (along with the legend sheet) to 

facilitate a field survey. A field survey is necessary to combine non-spatial information such 

as type of land use (residential, commercial, government or vacant), year of construction, 

FSI, ownership details, etc, with the spatial data to build an “Information System”. Once GIS 

is integrated with the property tax database, it is able to show details of tax liability such as 

amount paid and amount due. This integration not only enables the Corporations to identify 

defaulters and check whether appropriate tax is assigned as per current land/building use but 

also allows the taxpayers to monitor their tax records. 

Mirzapur in Uttar Pradesh was the first municipality to use GIS for property tax reform in 

1995. Forced by a near bankruptcy when the municipality did not even have the revenue to 

pay the salaries of its employees, the government of Uttar Pradesh entered into a tripartite 

agreement with the Government of India and the Government of Netherlands to develop a 

GIS database of all the properties in Mirzapur. Under the Infrastructure and Community 

Development Project (ICDP), the property records were updated after 35 years as new 

properties were identified, existing records were digitised, and field surveys were conducted 

by the municipal staff to collect information on the type and age of construction, location, 

built-up area etc for tax valuation. A synchronizing of the survey results with the GIS maps 

revealed a 10-fold increase in the number of properties to 2.4 lakh. A complementary set of 

reforms such as re-zoning and revaluation of properties resulted in a tripling of revenue to Rs 

33 lakh between 1995 and 1999. 
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Bangalore was the first city in India in 1999 to attempt an across-the-utilities application of 

GIS to improve the standard of public service delivery. The Government of Karnataka 

constituted a Bangalore Agenda Task Force (BATF) with stakeholders from Bangalore 

Development Authority, Water Supply and Sewerage Board, Metropolitan Transport 

Corporation, Municipal Corporation, Karnataka Power Transmission Corporation, BSNL, 

Police department, private sector and civil society.  The objective of the Task Force was to 

provide high quality infrastructure and services, and enhance administrative capabilities of 

the member organisations. To achieve seamless integration of data across the urban local 

bodies for planned urban development, a GIS data centre was to be set up. To achieve cost 

efficiency in building a GIS, the civic bodies pooled resources for obtaining the satellite 

image from the National Remote Sensing Agency (NRSA). But inordinate delays in 

completion of the base map led the other stakeholders to procure their own maps at different 

scales/spatial reference and software for building a GIS database. Coordination failures meant 

that resources were wasted in multiple rounds of household surveys which also made 

updating the database costly. A decade later, in 2009-10, Pimpri Chinchwad Municipal 

Corporation created 20 different layers on GIS including properties, water supply networks, 

roads, hospitals, fire stations, electricity transformers, street lights, but has yet to integrate the 

information contained in each module for better governance. For example, if the record of 

water bills can be integrated with property tax paid by a household, then the Corporation 

could disconnect the water connection if the citizen defaults on the payment of property tax. 

Moreover, if the electricity distribution network is extended to link the transformers to 

households then outages and leakages/theft can be efficiently tracked and redressed. The 

integration of utility applications (water, sewerage, solid waste management) with property 

tax on GIS is easier when a single ULB is responsible for delivering such services, since 

problems of coordinating activities among multiple organisations are avoided.   

The other successful stakeholder was the Bangalore Mahanagar Palike (BMP) that launched a 

new regime of property tax reforms using GIS in 2002.The GIS database comprised of two 

distinct layers for all properties and the connecting road networks. Therefore, each parcel of 

land was assigned a unique ID comprising of ward-street-plot number. But even before 

mapping of properties, the Corporation divided the city into different tax zones and 

introduced an optional Self-Assessment Scheme (SAS) for taxpayers, in 2000. Though 

property tax rates were not increased, the collection increased by over 100% in the first year 

primarily due to a shift in properties from a lower to higher tax zone. The introduction of 
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SAS freed the taxpayers from harassment by tax collectors and lowered the cost of tax 

compliance. A rebate of 5% to those who filed their returns before close of the financial year 

(i.e. March 31) and heavy penalty for false declarations ensured timely payment. The result 

of re-zoning of properties, SAS with Area Based System method of valuation and 

introduction of GIS was an increase in tax collection from Rs 440 crore in 2007-08 to Rs 

1350 crore in 2012-13, and coverage of properties from 7 lakh in 2007-08 to 16 lakh in 2012-

13. 

In 2004, the Government of Karnataka extended the Bangalore model of property tax to all its 

213 ULBs under a statewide reform programme through the Municipal Reform Cell (MRC) 

in the Directorate of Municipal Administration.
10

 Under project ‘Aasthi’, the process of tax 

collection and record-keeping of the revenue department of the ULBs was computerized and 

streamlined through a common software application. So far, the Municipal Reforms Cell, in 

partnership with Survey of India, has prepared base maps of all the properties in 59 ULBs. 

Field surveys were conducted by survey assistants and ULB officials to collect information 

on non-spatial attributes of each property (ownership details, type of construction, FSI etc.) 

and integrated this information with revenue records to arrive at a Management Information 

System (MIS) database for each ULB. Once the GIS and MIS databases were integrated at 

the Municipal Reforms Cell and the data was cross-checked by the District Urban 

Development Cells and Directorate of Municipal Administration, computerized notices were 

generated to those who had not paid their dues, and the information on tax demand and 

revenue collections was automatically updated on the central server. As a result, the system 

has created accountability on part of the bill collectors and revenue officials since the entire 

property tax collection system can be monitored independently of the manual provision of 

information. 

Kanpur presents another case of GIS-based property tax reforms. In 2002, Kanpur Municipal 

Corporation began the process of updating its property tax registers with the help of GIS. The 

base map was created through digitisation of satellite imagery, and field surveys were 

undertaken to capture information on land use, occupant’s details, built-up area etc. Each plot 

of land was assigned a unique identification code which was transcribed on the GIS using 

GPS devices. An interactive GIS-based website was developed to provide online information 

to citizens on property tax liabilities, status of paid taxes and the amounts due. The website 
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also allowed the taxpayers to calculate and pay the tax online, and lodge a complaint in case 

of errors in tax records. The project was completed in 2006, during which time the method of 

assessment was changed from Annual Rental Value to Area Based System. The result of re-

zoning of properties, self-assessment of tax with online payment of dues, and the introduction 

of GIS was an increase in tax revenue from Rs 34 lakh in 2007-08 to Rs 61 lakh in 2010-11 

and coverage of properties from close to 2 lakh in 2007-08 to a little over 4 lakh by 2010-11. 

It goes without saying that technology is, at best, an enabler that must be supported by good 

administrative practices to improve the systems of service delivery. In the case of property 

tax for example, the advantage of bringing all properties under the tax net will soon begin to 

diminish if the method of assessment is not correct, revaluations are delayed, revision of rates 

is not timely and the cost of tax compliance is not reduced (through self-assessment schemes, 

online payment facility etc). At the core of Karnataka’s municipal reforms programme was 

the use of IT to monitor, measure, and compare the performance of the ULBs across service 

delivery indicators through a common software. An integral component of the reforms 

programme was the creation of an IT cadre to recruit professionals to develop, operate, 

upgrade various softwares applications and maintain a centralised database of performance 

indicators of all ULBs. 

The use of GIS has also allowed municipal authorities to augment their finances through 

water tax. GIS-based hydraulic modeling has been an important innovation in plugging 

leakages in the distribution of water supply, thereby reducing the cost of service delivery and 

improving tax revenue by imposing user charges on new connections. As discussed in section 

II of the paper, GIS-based mapping, supported by field surveys, was crucial for identifying 

and regularizing illegal connections under MSNA. Although it is difficult, at best, to separate 

the effect of GIS-based hydraulic modeling from other reforms such as energy audits, 

metering, levying user charges and computerized billing and collection in bringing down the 

level of Non-Revenue Water, the former has played an important role in increasing tax 

revenue of the municipal bodies. For example in Anjangaon, a city in the Amravati district of 

Maharashtra with a population of roughly 60,000, there was a near doubling of revenue from 

Rs 54 lakh in 2011-12 to Rs 106 lakh in 2012-13. Similarly in Akot, close to the city of 

Aurangabad with a population of about 90,000, revenue increased from Rs 80 lakh in 2011-

12 to Rs 105 lakh in 2012-13. 
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V. Complementary Reforms and Enabling Environment 

The power of technology to deliver public services efficiently and in a transparent manner, 

and also augment municipal finances, cannot be harnessed without the necessary 

administrative and institutional reforms. For example, a persistent shortfall in property tax 

collections since the adoption of Area-Based System in 2004-05 led the Municipal 

Corporation of Delhi to prepare a GIS database of its properties in 2007. However, lack of 

integration between GIS and MIS databases, delay in field surveys for updating information 

on change in property classification
11

, and low resolution of satellite image on part of the 

private company, meant that cross-validation of tax declared by the citizens was 

cumbersome, and in some cases impossible. There was greater possibility of tax evasion 

since the tax registers were outdated, and even the property-related consumer information 

that existed was not synchronized with GIS. The re-zoning of properties into appropriate tax 

brackets was also not done in some cases.  

The case of Delhi can be seen in sharp contrast with the successful contribution of GIS to 

property tax reforms in Bangalore. In Bangalore, extensive field surveys were undertaken to 

update the tax registers of the Corporation that helped in zoning of properties into different 

tax brackets. Once the MIS and GIS databases were integrated, the city officials were able to 

identify those who were un-assessed or under-assessed as well as the defaulters. The citizens 

were also able to view the history of the tax payments on the website, and lodge an online 

complaint in case of an error in the records. By offering a tax rebate on timely payments, 

imposing heavy penalties on the defaulters, and using GIS to list the defaulters on the 

website, the Municipal Corporation kept tax evasions under check. 

As mentioned earlier, Karnataka launched a statewide IT-enabled municipal reforms 

programme in 2004. The use of technology was central to the programme to compare and 

monitor performance of the ULBs across service delivery indicators such as water, sewerage, 

solid waste management etc. The Survey of India was appointed as the state level GIS agency 

to provide technical assistance for the implementation of GIS in all ULBs. These IT 

professionals are also in-charge of building capacity of the ULB officials in new 

technologies. The creation of a central database at the Municipal Reforms Cell (MRC) 

through the use of a common software for e-delivery of services as well as financial 

accounting, formed the basis for performance-based ranking of each ULB. But the strength 
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and sustainability of the programme was largely due to the creation of new cadres of IT 

professionals at the local level. Even at the state level for the MRC, professionals were hired 

specifically for upgrading software applications, developing new IT tools, and operating and 

maintaining the centralised database.  

Coordination failure in spatial planning for infrastructure development is not surprising, since 

the responsibility of service delivery is shared among multiple organisations (e.g. 

parastatals/state departments and municipal bodies). Bangalore’s attempt at developing an 

across-the-utilities GIS to improve the system of service delivery achieved limited success 

primarily because of coordination failure. As the growing urban population puts pressure on 

local governments to provide and maintain good quality infrastructure, it is necessary to have 

a coordinated and integrated system including GIS to take into account matters of common 

interest between jurisdictions including spatial planning, sharing of water and other physical 

and natural resources, development of infrastructure, environmental conservation, etc. to 

strengthen urban planning. For GIS to be an effective decision-making tool, it must be 

updated periodically.  It is equally important to build a cadre of IT officials to operate, 

maintain and upgrade the IT system.   

 

VI. Way Forward  

A vision for National GIS was recently launched by the Government of India under the 

inclusive growth agenda of the Twelfth Five Year Plan. The Vision document states that 

“GIS applications are critical to many aspects of governance and nation building and can 

power more open-government methods and, thereby, leverage economic and social 

development more effectively; help in reaching the gains of development to the most needy 

and the right places and also bring in accountability and responsibility of public and 

national development activities”. At present, GIS datasets exist in silos across different 

ministries/departments and tiers of government. To assimilate the use of technology in the 

decision making process at all levels of government, it is important to synthesize and 

standardize existing satellite images, topographical maps into a single database that is 

regularly updated and can be easily accessed.  

The Indian National GIS Organisation (INGO), constituted by the Planning Commission, 

Government of India, has been entrusted with the responsibility of building, operating and 
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maintaining a national platform for GIS and related activities, including training and capacity 

building. Under this program, the Government of India plans to prepare a multi-layered 

database with information on natural resources, disaster-prone areas, urban and rural 

infrastructure, land use etc., which the stakeholders at all levels of government can use and 

share for informed policy decisions. With the help of a common database, local governments 

for example, will be able to prepare strict guidelines for building plans in seismic zones. A 

standardised system ensures efficiency in updating of respective information sets since all 

maps are of the same scale. The resolution of maps depicting micro-level information such as 

water and sewerage networks, is very important to discourage cities to prepare separate GIS 

databases more suited to their needs. A pilot project to launch this nationwide program is 

under implementation in Karnataka. This pilot project will provide a template to other state 

governments on collection, conversion and collation of data within a spatial framework, 

which is a major challenge faced by cities in India. The time is ripe for GIS to be seen as an 

important tool for development policy as cities experience densification and rapid peripheral 

expansion. There is growing need for technical training institutes, schools of planning, etc. 

offering GIS education to bridge the deficit of skilled professionals.  

This paper makes the case for adoption of technology in general, and GIS in particular, to 

streamline the functioning of local governments to augment their finances and, at the same 

time, allow transparency and accountability in service delivery. It focuses on a few examples 

from India that have successfully internalized the use of technology in efficient delivery of 

water supply, solid waste management and power supply. In all these cases, the introduction 

of technology was facilitated by a pro-active administration that created an enabling 

environment for the benefits to be harnessed. 

 

 


