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Abstract
Do Private Water Tankers in Bangalore Exhibit "Mafia-like" Behavior?
By
Anirudh Rajashekar
Submitted to the Department of Urban Studies and Planning
on May 21, 2015 in partial fulfillment of the
requirements for the degree of Master in City Planning

While there is an increasing acceptance in academic literature about the importance
of informal water delivery in cities around the developing world, public opinion is
often divided. Many citizens see informal water vendors as businesses controlled by
extortionary "mafias" and call for government regulation. This thesis explores
whether government regulation is justified in the case of Bangalore, India where
water issues have become increasingly pressing and informal water vendors, also
known as the "water mafia," have grown in number and in influence. In particular,
this thesis will explore whether private tankers display any form of anti-competitive
behavior by addressing two questions: 1) Do private water tankers exhibit
monopoly power, and 2) Do private water tanker prices vary depending on the
characteristics of the customers they serve? Evidence collected in July-August 2014
and January 2015 indicates that tankers do not operate in an anti-competitive
manner and that government intervention is not justified on these
grounds. However, tankers do contribute to declining groundwater levels and
government intervention on these grounds ought to be explored.

Thesis Supervisor: Bishwapriya Sanyal
Title: Ford International Professor of Urban Development and Planning
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Chapter 1: Introduction
On June 30, 2014, The Hindu, a widely circulated south Indian broadsheet,
featured Hanumathe Gowda, the proprietor of Prateeksha Water Supply. Mr. Gowda
is one of the many entrepreneurs that form Bangalore's private water tanker
industry.1 His job, he explains, is to supply his thirsty customers with the tasty
water they have come to expect from him whenever they want it.
The picture accompanying the brief description of Mr. Gowda's work shows
him standing by his water tanker, pipe in hand, ready to pump water out of his truck
into a customer's house. Mr. Gowda explains that his job is tiring, a 24/7 ordeal,
where he has to be available at all times of the day and night - and especially so
during Bangalore's hot summer when demand is higher. At the same time, he faces
constraints on how quickly and effectively he can transport and sell his water.
Sometimes the borewell 2 in his house runs dry; other times the power supply to his
borewell motor is intermittent; and occasionally traffic and street congestion is so
bad that he is unable to move his truck at busy intersections.
But Mr. Gowda explains that he is happy. He earns far more from this job
than he did as an attender at an engineering college. The additional salary allows
him to offer his children comforts he never had, and allows him to aspire for a better
future for them. He hopes, for example, that his son gets a "good [white collar] job"
and he dreams of his daughter becoming a doctor. Yet, more than anything else, Mr.

1 Private water tankers are synonymous with Bangalore's informal water vending industry. Tankers
extract groundwater using borewells and transport it in tanker trucks to customers citywide.
2 Borewell is an Indian-English word that is used to describe what is commonly known as a borehole.
A borehole is a deep narrow hole that is drilled deep underground to extract groundwater. Most
boreholes rely on motors to pump water to the surface.
12

Gowda is motivated by the satisfaction of seeing the "smiles on the faces [of his
customers]" everyday. For these reasons, he hopes to keep his business going as
long as he has water in his borewell (Sebastian, 2014).

The feature on Mr. Gowda and his life is unique because it stands in stark
contrast to the widespread image of the "water mafia" that has garnered an almost
mythical quality in urban India. With their brightly colored trucks, eye-catching
graphics, and catchy slogans, tankers are a ubiquitous feature of any Indian city, but
remain poorly understood. They drive down streets, back alleys, and highways at
most times of the day and throughout the year but evoke reactions from everyday
citizens ranging from intrigue to disdain to fear.
This is particularly true in the water-starved city of Bangalore. Located in
the middle of the semi-arid Deccan plateau, Bangalore was originally settled in the
1500s but grew in size during the 19t century after it was established as a British
cantonment. What it lacked then and still lacks now, is a steady source of surface
water in the form of rivers or streams (see Figure 1).
Over the last 20 years, the city's rapid expansion has challenged the
government's ability to ensure the delivery of basic services to all its citizens. To fill
this void, a private industry of informal water sellers and distributers has emerged.
However, in recent years, public discontent with this largely unregulated but
thriving industry of small, mobile water vending businesses has come to a head, as
residents, community activists, journalists, and policymakers have dedicated
innumerable newspaper pages and television segments to chronicle the plight of
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city dwellers held ransom by the city's private water tanker "mafia" (Sivanand
Bora, 2012).
Figure 1: Bangalore and its sources of water
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While the term "water mafia" conjures up varied images, the dominant theme
is one of a parallel water system that operates separate from formal rules and
regulations of the state (Ranganathan, 2014, p. 90). Moreover, the term implicitly
condemns that system as one that is inefficient, unsafe, and exploitative while also
alluding to its subversive quality, corrupt nature, and lack of accountability and
legitimacy. Indeed, most would argue that the existence of a thriving private
unregulated water vending industry highlights many of India's chronic
developmental challenges that are yet to be overcome (The "BangaloreWater
Mafia," 2014).
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Water tanker company owners and employees are painted in a similar
negative light as a self-serving "coalition of thugs, local politicians, and municipal
employees" that cheat the average urban dweller out of high-quality, low-cost basic
services (Ranganathan, 2014, p. 89). Corrupt backdoor dealings, violent conduct,
and extortionary behavior are but some of the actions that are commonly used to
characterize these individuals. Such is the general public perception that often any
discussion about the "water mafia" is conducted in hushed tones.
The portrayal of Bangalore's private water vendors as a "water mafia"
distracts from an objective understanding of the informal mobile water delivery
industry and the role it plays in increasing access to basic services to those who are
currently underserved by public utilities. Moreover, the fact that they are
condemned without much by way of empirical evidence is both unfair and
unproductive in planning for the future. This thesis is an attempt to explore the
issue of water delivery from the lens of the informal water vendor and to shed light
on whether they actually exhibit monopoly power and anti-competitive behavior.

To centralize or to decentralize?
Small Private Sector Providers of water (SPSP)
Bangalore's private water tankers belong to a category of informal water
vendors, commonly referred to in the literature as small-private sector providers
(SPSP). SPSPs are not unique to Bangalore or even to India. Indeed, many of the
world's larger urban areas - particularly in the Global South - have or have had
extensive informal water delivery systems that operate separate from the local
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utility. To date approximately 10,000 SPSP operations have been counted in 49
countries, but this is probably an underestimate given that many SPSP systems
remain undocumented (Solo, 1999).
SPSPs have not been studied in great detail. Part of this oversight stems from
the difficulties in finding and getting access to them, and part of this lies in the
general perception of informal vendors as not being particularly important.
Informal vendors have traditionally been viewed as filling one of three
supplementary roles: 1) providing services in areas that receive intermittent or
poor quality service from utilities; 2) offering services in areas that are currently not
served by utilities; or 3) purchasing water in bulk from local utilities and selling it to
consumers. In short, informal water delivery is perceived as a second best option
when compared to the "ultimate" choice of a private, piped water connection
(Kariuki, Collignon, Taisne, Valfrey, & Plummer, 2005).
SPSPs come in a variety of shapes and forms but have a number of
similarities. In general, they operate in small geographic areas, usually in
neighborhoods or small, peri-urban towns, but rarely at a city scale (Bhatt, 2006, p.
27); they function as independent, privately funded businesses that do not receive
support from local governments or NGOs (Conan, Andrews, Weitz, & van Heeswijk,
2005, p. 9); they use a variety of distribution methods including motorized and nonmotorized transport such as trucks, tractors, bicycles, and hand-drawn pushcarts, as
well as stationary point-of-sale terminals such as water kiosks and standpipes, and,
occasionally, commercial piped connections (Kjellen & McGranahan, 2006, p. 2); and
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finally, SPSPs usually obtain their water from alternate sources to the local utility
such as dugwells, boreholes, streams, or nearby lakes (Bhatt, 2006, p. 27).3
A typology outlining different forms of procurement and delivery is included
in Table 1 below:

Table 1: Typology of SPSP operations

Water source
Independent
Dependent
Network Operator
Type I: Uses own water source and Type II: Purchases water from
sells via mini-grid
utility and sells via mini-grid
Stationary Provider
Type III: Uses own water source
Type IV: Purchases water
and sells at fixed location
from utility and sells at fixed
_
_:_location
Mobile Distributor
Type V: Uses own water source
Type VI: Purchases water
and delivers to customers
from utility, delivers to
customers
Source: (Kariuki & Schwartz, 2005, p. 12)

Despite differing contexts, SPSPs generally offer decentralized water delivery
or "autonomous management of water by sub-city units" (Pierce, 2015, p. 120). The
popularity of decentralized water delivery as a form of water provision has waxed
and waned ever since the first human habitations, but have largely mirrored
arguments for and against centrally controlled and managed network
infrastructure.

3 On some occasions, vendors obtain their water via piped, municipal connections. Either domestic

connections are used to acquire water that is then commercially resold or water is tapped illegally.
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Networks

Network infrastructure refers to infrastructure that is often centrally
controlled and extends in some organized pattern throughout a space. It is often
referred to as piped infrastructure when describing water and sanitation, as both
these services are delivered using pipes. The popularity of piped/networked
infrastructure stems from ideas of modernity that first emerged in Western Europe
during the 1800s. During this time, new technologies were seen as a means of
controlling and taming nature and space, and ideas of progress were closely
intertwined with the spread of centrally managed infrastructure such as telegraph
and phone lines, roads, sewers, and pipes. Similar thinking saw the emergence of
the city as a machine to be centrally controlled and organized (Graham & Marvin,

2001).
Water systems were of particular significance. Emerging first in the city of
London, water infrastructure spread across Western Europe and served as a means
of "cleansing" cities of impurities, but also extending systematic state control
(Graham & Marvin, 2001, p. 44). In addition to laying out infrastructure, new
sewage systems brought with them novel conceptions of hygiene and public health
that necessitated outreach and education. These "bio-political" dynamics of state
power, where the state extended its presence into "realms of life... previously
outside the political realm" drew from the same conceptions of the city as a space to
be centrally controlled, disciplined, and regulated (Gandy, 2006, p. 468).
The idea of mitigating moral and social ills through the use of technical
solutions - either physical or infrastructural improvements - spread from Western
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Europe to many parts of the Global South via colonial administrations (Gandy, 2006,
p. 505). Here, European settlers used standardized grids and systems to "eradicate
superstition and prejudice" and construct places laid out on "clear, rational
principles" (Legg, 2008, p. 21). Yet, systems in newly colonized lands were not
erected as a means of integrating societies but rather as a means of demarcating
spatial separations between European and native populations. The purpose of
erecting infrastructure networks, and water supply in particular, was to highlight
and reinforce differences and separations between "modern" and "primitive"
societies as a means of strengthening colonial control. Kooy and Bakker, for
example, point out that differences in terms of water access between European and
native populations in Jakarta confirmed ideas that local populations were
"undeveloped." Over time, however, westernized native populations used evidence
of European unwillingness to extend networked infrastructure as a means of
stoking anti-colonial sentiment (Kooy & Bakker, 2008, pp. 379-382).
All of this is to say that the discussion around piped and networked water
infrastructure from the 19t century onwards has left it firmly entrenched within the
development discourse (Kooy, 2014, p. 2). This is evident in the kind of dialogues
that many national governments in the Global South have pursued soon after
independence, as well as in the conversations that take place amongst today's
development practitioners. Only through technical solutions such as piped water, so
the argument goes, can many obstacles related to public health and economic
growth be eliminated. Indeed, access to piped water is still associated with one's
identity as a "modern" citizen (Kooy & Bakker, 2008, pp. 384-385).
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Economics of water: Shift from public to private

Given that piped and networked water infrastructure is the defacto means of
water distribution, debates in the sector today generally revolve around: 1) how
water ought to be managed and distributed and 2) who ought to distribute it. These
arguments center on a number of competing economic questions over the cheapest
and most efficient form of water supply and delivery, and how water should be
valued.
The case for centrally managed infrastructure systems as the best form of
water distribution stems from a number of arguments that originated in Victorianera discourses but have since been rearticulated in economic terms. First, the high
cost of fixed capital infrastructure makes it more efficient for large single entities to
serve entire cities and regions. Water is expensive to transport, purify, and store
making it more efficient - and presumably cheaper - for large centralized agencies
to manage. Second, large entities are also more likely to benefit from economies of
scale because incremental increases in water conveyance have a negligible impact
on costs. This has the potential to increase efficiency and theoretically extend
access. Finally, lumpiness - that is the size of these systems - makes it more viable
to expand systems at a single point in time rather than over a long period of time,
which makes it easier for larger organizations to handle compared to smaller ones
(Hanemann, 2005, p. 75-76).
These cases for centralized management and distribution of water have
generally led to approaches that favor public provisioning. Such arguments often
ground themselves in two financial reasons. First, government bodies are generally
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seen as being most able to finance large infrastructure projects that are risky,
difficult, and require complicated inter-temporal financing. Second, public agencies
are also seen as more willing and able to operate on a cost recovery basis - that is
only charging for the operating costs of the water infrastructure, not the water per
se - allowing for it to be delivered at prices that are low and affordable (Hanemann,
2005, p. 76). However, the strongest case for public water provisioning comes
down to the question of accountability and governance. Water's essentialness to
human life coupled with its status as a "public good" with positive externalities has
meant that government agencies, which are accountable to the public, are perceived
as the institutions most capable of delivering water in a safe and equitable manner.4
Debates and arguments have changed over time and today there is an
increasingly vocal call for the private provisioning of water. The shift gradually took
place during the 1980s as economists and policymakers blamed public institutions
for failing to meet their obligations to provide basic services, and increasingly
recognized private institutions as capable of achieving the twin goals of providing a
universal supply of "safe" water and sanitation services and better management of
scarce natural resources (UN-HABITAT, 2003, p. 160). To this end, the Dublin
Statement on Water and Sustainable Development at the International Conference
on Water and the Environment in 1992 can be seen as a watershed moment. This
declaration, known as the Dublin Principles, articulated a change in the perception
4 Arguments for water as a public good largely stem from the legal status of flowing water held in

Roman, English, and American common law, as well as in civil law societies. Under these laws,
flowing water was deemed a resource for navigation that made it both non-rivalrous (consumption
by one individual did not prevent consumption by another) and non-excludable (it was impossible to
exclude individuals from consuming it), and therefore common to everyone. These ideas still color
many commonly held views of water, even when it is applied to the use of water for human
consumption (Hanemann, 2005, p. 72).
21

of policymakers at multinational institutions in favor of private sector participation
and partnership as the most efficient form of water distribution and management.5
This change in thinking was prompted by the perceived fiscal inadequacies of
national governments. Contrary to earlier arguments, governments were
increasingly regarded as structurally incapable of finding adequate capital financing
to build water infrastructure and extend access. This was because their low tariffs
and their mandate to operate on a cost recovery basis made them unable to finance
high upfront capital costs to pay for new pipes and treatment facilities. Similarly,
corruption, existing debt obligations, and inefficiencies were seen as a major
impediment in their ability to offer high quality services. Conversely, private
utilities were able to raise tariffs to finance new infrastructure and improve
operating efficiency (UN-HABITAT, 2003, p. 171). A new fervor in favor of private
provisioning was reflected in the lending patterns of multilateral agencies, like the
World Bank, which between 1990-2000, actively promoted private sector
involvement in water and sanitation utilities through loans and other forms of
financing (Roaf, 2006; UN-HABITAT, 2003, p. 173).
Private sector distributors were also seen as better placed to prevent the
excessive use of water. Articulated in the Dublin Principles, most of the arguments
in favor of reducing waste were based on a new understanding of water as an
economic good that ought to be subject to "competitive pricing" above a certain

5 There are major differences in the terms "privatization," "participation," and "partnership." While
"privatization" has been used to allude to all three words, it more accurately refers to institutions
that are owned and operated entirely by private companies. "Participation" and "partnership" often
refer to lesser degrees of private involvement that range from concession contracts to PPPs with
shared risk (UN-HABITAT, 2003, p. 163).
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threshold amount or basic level of service (Perry, Seckler, Rock, & Seckler, 1997, p.
2). By charging people a higher rate, pricing mechanisms could create a negative
incentive on the excessive use of water thereby preserving precious resources.
Private delivery mechanisms were regarded as best able to respond to these
newfound ideals and were subsequently lauded as the best form of delivery.

Growing acceptance of informal vendors
The Dublin Principles also highlighted a shift toward decentralization
(Mukonge & Harvey, n.d., pp. 341-342). By the late 1990s, a general consensus
emerged that non-governmental stakeholders could offer "low cost alternatives" to
increasing water provision and access. One consequence of this shift in thinking
was a greater acceptance of decentralized water delivery via SPSPs and other
informal vendors in urban areas (UN-HABITAT, 2003, p. 160). The reasons for their
increasing popularity were numerous, but were tied to the argument that informal
vendors increase access to basic services for those underserved by public sector
piped services in rapidly urbanizing areas around developing world. For example,
informal vendors were seen as important agents in delivering services to the urban
poor with no land tenure and no hope of accessing private piped connections (L.
Sima & Elimelech, 2011, p. 2). In addition, delivery of water by informal vendors
was seen as a way to reduce the financial burden of water delivery on city
governments since they tended to operate independently and on a financially
sustainable footing (UN-HABITAT, 2003, p. 181). This independence also allowed
informal vendors to be adaptable and responsive to their clients, seeking out
23

business opportunities in areas without regular access to water while actively
building customer loyalty (L. Sima & Elimelech, 2011, pp. 5-7). As such, informal
vendors were believed to provide better quality and more reliable services than
piped water provided by the state (Kjellen & McGranahan, 2006, p. 14).
Today, informal water delivery is gaining popularity amongst scholars for
environmental reasons as well. Not only is waste - that is, unaccounted for water
(UFW) - virtually nonexistent (L. Sima & Elimelech, 2011, p. 7), but marginal cost
pricing also means that households consume less water (L. C. Sima, Kelner-Levine,
Eckelman, McCarty, & Elimelech, 2013a; Solo, 1999). Further, the energy costs
associated with the delivery and transport of water are much lower. Scholars
increasingly question the over-purification of water for non-potable uses, and see
water delivered via informal vendors as a means of segregating water for different
uses. Since informal vendors mostly rely on naturally occurring groundwater
sources, and offer little by way of purification, end users are responsible for
purifying water for drinking purposes. This makes it rare that water is overpurified for non-domestic uses like flushing, cleaning, or gardening (Srinivasan,
2008, p. 26). Similarly, informal water delivery reduces the environmental impact
of pumping water from surface sources far away - a practice that results in high
energy use, carbon emissions, and leakage from old pipes (Colombo & Karney, 2002;
L. C. Sima, Kelner-Levine, Eckelman, McCarty, & Elimelech, 2013b). Consequently,
informal vendors traditionally relegated to the "early stages of a linear development
trajectory" or, best case, the "second best policy," have slowly entered the center
stage (Kooy, 2014, p. 2).
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Arguments for public intervention
The move by scholars to favor informal vendors does not imply that informal
vending is the most appropriate method of water delivery in all contexts. Indeed, as
Whittington et al argue, there are situations where public intervention is justified in
informal water vending markets (Whittington, Lauria, & Okun, 1988, pp. 30, 41).
The first case for intervention is if there is a public health concern due to vendors
supplying water of questionable quality. The risk of pandemics - and lack of
information on the part of households consuming tanker water - means that
governments ought to intervene. The second justification is if anti-competitive
behavior, which can be manifested in the form of monopolistic profits or price
extortion, is evident. The third case for government intervention is if vendors
obtain their water from a source that is controlled by a single individual or a group
of individuals. Given the potential for monopoly profits to be collected by the owner
of the water source, a government would be justified in stepping in to ensure that
resources are more equitability distributed (Whittington et al., 1988, pp. 41-42).
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The Trouble with Tankers
Research aims
My interest in undertaking this thesis is to evaluate the case for decentralized
water delivery by private water tankers in Bangalore. In particular, I want to
explore the tension between the academic literature and public opinion to examine
whether tankers operate in a manner that necessitates public intervention. To do
this, I will focus on the second criteria for public intervention laid out by
Whittington et al above: whether water tankers exhibit anti-competitive behavior as
is alluded to by the Bangalore city media. In doing so, I hope to evaluate the
question of whether private water tankers should continue to ply their trade
because they increase access to water, or whether their strategies are exploitative
and need to be addressed via government intervention.
Specifically, my research evaluates two important characteristics of the
tanker market. First, do tankers, on average, exhibit monopoly power? That is, do
they reap exorbitant profits, charge prices significantly higher than their costs of
operation, and benefit from high barriers to entry or economies of scale? Second, do
tankers, on average, charge different prices depending on where their customers
live or how much water their purchase? That is, do tankers extort customers who
lack access to alternate sources of water, purchase water less frequently, or come
from lower socioeconomic classes? My aim with these questions is to see whether
tankers operate as a perfectly competitive industry, or whether they operate as
fragmented monopolies that extort their customers on price. The goal of these
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questions is to identify if there is any case for public intervention to increase access
to water.

Summary of findings
My observations are that the informal vendors of Bangalore operate in a
manner that contradicts the common perception in the media: they do not operate
in an anti-competitive manner. There is little evidence that tankers earn monopoly
profits or that they extort customers based on where they live and their access to
other sources of water. As such, they should not be viewed as a "water mafia" but as
"social entrepreneurs" who combine the spirit of free enterprise and water delivery
to address gaps in basic service provision. Stepping into areas traditionally
neglected by public utilities, these entrepreneurs have enabled the growth of the
city both in terms of population and geography in a way that would not have been
otherwise possible.
However, the system is not functioning perfectly. While my primary research
indicated that tankers do not necessarily extort their customers, it also revealed that
vendors are not taking the necessary measures to ensure the long-term operation
and health of their water sources. Though not a focus of my thesis, these findings
are corroborated by existing research on the changing state of Bangalore's
groundwater table (Hunse, Farooqi, & Jayaprakash, 2011; Murthy, 2011). It is clear
that tankers are exacerbating a major environmental issue that will eventually have
a severe burden on the city and its citizens.
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The question of what to do is an enormous challenge. The issue goes beyond
the operations of water tankers themselves and enters a discussion on how
groundwater is currently managed. I conclude by arguing that public intervention is
justified on the grounds of environmental degradation, and I offer several strategies
for remediation.

Impact and limitations
The thesis contributes to the literature on informal water vending in three
different ways. First, despite much of the rhetoric decrying Bangalore's "water
mafia," evidence and in-depth research of how tankers operate is relatively thin.
Information about the number of tankers that operate in the city, the prices they
charge, the customers they serve, the source of their water, and the potential
environmental consequences of their behavior is largely non-existent. Most
descriptions have largely been anecdotal. I have attempted to contribute to the
discussion of tanker operations using a more analytic approach. Second, this
research offers a glimpse into water vending outside the realm of the urban poor.
Most research in the area of informal water vending has centered on delivery to the
urban poor, despite the fact customers lie across the socioeconomic spectrum. This
is especially true in Bangalore where middle and upper class users are the
predominant beneficiaries of tanker water (Ranganathan, Kamath, & Baindur,
2009a). Third, my research expands on Whittington's criteria, and the conversation
on public intervention in informal water vending, to include an environmental
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component. Indeed, the standout issue in Bangalore's informal water market is not
a question of price but one of unchecked groundwater extraction.
My study has a number of key limitations. First, I did not explore specific
issues related to groundwater extraction or quantify the impact that tankers have
on groundwater levels in different parts of the city. This is certainly an area for
future exploration. Second, I chose not to explore issues of water quality when
evaluating patterns of tanker behavior. My reason for this was because of the
limited time and resources I had for fieldwork, and because there have been few
reported cases of widespread diseases originating from tanker water consumption.
In fact, the predominant quality concern from all surveyed users is water
"hardness," but this does not pose a major health hazard. Regardless, this is an area
of research that ought to be further explored. Third, time constraints meant that the
project could only touch on the discussion of water access for non-domestic users,
such as commercial establishments and industries, and had to exclude an
examination of the poorest members of society. For Bangalore's poorest citizens,
issues of water access are already well documented in a number of studies by
Gronwall (J. T. Gr6nwall, Mulenga, & McGranahan, 2010;

J. Gr6nwall,

2008, 2011)

and Connors (Connors, 2007). Additionally, these studies, as well as my analysis,
have determined that water tankers do not spend a large portion of the time serving
the poor; most of their clients are wealthier members of society (J. Gr6nwall, 2008).
However, more research on the relationship between private water tankers and
both non-domestic users and the poorest members of society ought to be explored
before any conclusive understanding of tanker behavior can be put forth.
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It is also important to note that this study was conducted during July-August
2014 and December-January 2015. Consequently, while all the analyses are an
accurate reflection of tanker behavior during these times, they might not be as
relevant when assessing tanker behavior in the summer (March-June) when
demand for water is at its highest. Future studies ought to expand on this work to
see if tanker behavior is similar across seasons. And finally, this study is an
exploration into one aspect of "mafia" behavior that is exhibited via tanker prices.
However, there are many other facets of mafia behavior that have not been explored
including issues of collusion, poor service delivery, or control by political
authorities. These are other aspects of tanker behavior that ought to be explored in
future studies of tankers and their operations.
Chapter overview
This thesis is divided into six chapters. Following the introduction and
methodology chapters, Chapter 3 will offer a brief history of water delivery in
Bangalore, outlining the pace of urban growth and the ways in which the city
government has adapted to cope with these circumstances. It will also highlight
reasons for the emergence of a private water market and its role in water delivery.
Of particular note is one major trend: urban growth and expansion has outstripped
the capacity of Bangalore's existing utility network, which has in turn fuelled a
thriving tanker market.
Chapter 4 will evaluate tanker operations based on interviews with tanker
companies. In particular, this chapter will describe how tankers operate, and also
include economic analyses of the tanker market including price-cost margins,
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barriers to entry and economies of scale to evaluate whether tankers exhibit
monopoly power.
Chapter 5 will empirically test for whether price dispersion in tanker prices
across Bangalore offers any evidence of extortion. In particular, the chapter will
focus on spatial variations in tanker prices to determine which customer
characteristics influence tanker prices and whether any patterns in pricing indicate
price extortion or anti-competitive behavior.
Chapter 6 will conclude by highlighting some of the key environmental issues
that tankers contribute to as well as offering policy recommendations on how to
intervene. The recommendations will hinge on lowering municipal tariffs for nondomestic users, selling utility water to tankers, and taxing tankers for water they
extract from the ground.
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Chapter 2: Methodology
I used both qualitative and quantitative methods to explore the issue of
private water tanker operations. The mixed method approach was necessary to first
understand the major issues that govern tanker behavior and then to describe and
evaluate the relationship between tankers and domestic water users.

-

My research can be divided into four different phases. First, during July

August 2014 and December 2014 - January 2015, 1 undertook a series of semistructured interviews with policymakers, civil society organizations, and academics
to better understand the broad issues concerning private water tankers and
informal water delivery in Bangalore. In total, I interviewed 11 policymakers across
various Bangalore government agencies. These included current and former
officials at the Bangalore Water Supply and Sewerage Board (BWSSB), the city
municipality or the Bhruhat Mahanagara Pallike (BBMP), the Pollution Control
Board (PCB), the Department of Mines and Geology (DMG), the Regional
Transportation Office, Karnataka (RTO), and the Central Groundwater Board
(CGWB). In addition, I spoke to the heads of four civil society organizations/ social
enterprises that dealt in some capacity with water policy and governance in
Bangalore. These included Biome Rainwater Harvesting, Arghyam, Data Meet
Bangalore, and NextDrop. Finally, I interviewed five professors and researchers to
discuss their past and present research on issues related to water access,
environmental economics and/ or groundwater extraction in Bangalore. These
included Professor Deepak Malghan and Dr. Madalasa Venkataraman (Indian
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Institute of Management, Bangalore); Dr. Jenny Gronwall (Stockholm International
Water Institute); Professor Sekhar Muddu (Indian Institute of Sciences, Bangalore);
and Professor Malini Ranganathan (American University).
Second, I conducted structured interviews with 33 water tanker companies
during the same time period (July - August 2014 and December 2014 - January

2015). These interviews included a mix of phone and in-person interviews.
Tankers were chosen with the intention of ensuring a good spatial distribution of
responses. Candidates for in-person tanker interviews were selected based on their
proximity to where I lived, while candidates for phone interviews were chosen from
the classifieds website Justdial.com, which lists tanker phone numbers and contact
details. Tanker drivers often directed questions to their superiors - the water tanker
company owners - and in these circumstances supervisors were asked to complete
the survey. A map of where these water tankers operated is included below (Figure
2), and a copy of the survey that was used in all the tanker interviews is included in
Appendix A.
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Figure 2: Map of surveyed tankers
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Tanker interviews were used to conduct a series of financial and economic
analysis to understand tanker operations, the results of which are included in
Chapter 4. Not all tankers completed the survey. Some tankers completed half the
survey while others did not complete it at all. As many tanker responses as possible
were used to generate descriptive statistics, with sample sizes ranging from 25-27.
However, when determining the price-cost margins and conducting regression
analyses, only 25 completed surveys were used.
Third, the Indian Institute of Management, a Bangalore newspaper, Citizen
Matters, and I ran an online survey during the months of January and February
2015. This survey, which was offered in both Kannada and English, was
disseminated via two apartment management companies (Apartment Adda and
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Apna Complex), three civil society organizations (Whitefield Rising, Arghyam, and
NextDrop), and two newspapers (Citizen Mattersand One India). The online survey
yielded 128 random responses from apartment managers and residents from across
the city of Bangalore over six weeks (January 9 - February 20, 2015). The survey
asked questions about the amount of water each apartment used, where they
procured it (i.e. from municipal pipes (BWSSB), borewells, and/or tankers) and how
much they paid for

it.6

Three respondents chosen at random at the end of the

survey were awarded four free tickets each to a local cinema.
The purpose of this survey, which is included in Chapter 5, was to explore
whether there was any significant variation in the price of tanker water across
different parts of the city. After excluding responses from those who did not
purchase tanker water - and hence did not report tanker prices - and after

"winsoring" outliers that exceeded the 95% percentile values (6 values), I was left
with 96 observations with which to conduct statistical tests. I first conducted a oneway ANOVA to determine if there was significant variation in prices between
consumers with different access to water (i.e. BWSSB pipes, borewells, or both).
Next, I ran a Global Moran's I to determine the level and significance of spatial
autocorrelation in tanker prices (Rs. per kl) across the city. Finally, I ran a series of
multivariate regression analyses, using information on tanker office locations
obtained from the Regional Transportation Office (RTO) and real estate prices from
the Indian Institute of Management, Bangalore (IIM-B), to better understand the
Some calculations were performed in order to obtain these amounts. For example, in order to
determine how much tanker water was consumed, I multiplied 1) the frequency of tanker orders, 2)
the number of tanker purchases per order, and 3) the capacity of tankers. A copy of the survey is
included in Appendix B.
6
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factors - both demand and supply - that influence prices. A map of all survey
respondents is located is included below (Figure 3), and a copy of the survey that
was disseminated is included in Appendix B.
Figure 3: Map of surveyed apartments
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Finally, I conducted an in-person structured interview with 20 malls/
shopping centers in Bangalore in August 2014 and in January 2015. The purpose of
these structured interviews was to better understand non-domestic water
consumption patterns and how dependent non-domestic users are on tanker
waters. I chose to interview malls/ shopping centers as these non-domestic users
are major consumers of water, are well distributed across the city, and have varying
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levels of access to other sources of water (BWSSB and borewell). Because this
information was not robust enough to warrant a separate chapter, it has instead
been included in the conclusion as part of my suggested policy recommendations. A
map indicating the location of the malls/ shopping centers that were interviewed
are included in Figure 4 below. A copy of the non-domestic water survey is
included in Appendix C.
Figure 4: Map of surveyed malls
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Table 2 below provides a summary of all the interviews that were
undertaken:
Table 2: Table of interviewees

Respondents
Policymakers
Civil Society organizations
Academics/ Researchers
Private Water Tankers
Non-Domestic users
Domestic water users

Semi-Structured
Interviews
Structured Interviews
Online Survey
1

__

__

1Total

Interviews
11
4
5
33
19
128
200

There are a number of limitations in terms of my sample selection. Most of
these choices were determined by the amount of time I had to conduct all my
interviews and the amount of manpower I was able to mobilize. This is especially
relevant to the sample selection of domestic water users who are likely to belong to
middle or upper income brackets because the survey was conducted online and
because most respondents either lived in established housing complexes or
independent bungalows.
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Chapter 3: Growing Pains
Present day Bangalore, or Bengaluru as it is now known, is one of India's
largest metropolitan areas. With a population of around 9.6 million, the city has
grown from a sleepy backwater known for its natural beauty, salubrious climate,
and popularity as a retirement destination, into one of the country's most dynamic
and highly industrialized urban centers.
Bangalore's origins can be traced back almost 400 years to 1573, when a
feudal king, Kempegowda, first established a mud fort in the area. After changing
hands between various rulers, the city was eventually conquered by the kingdom of
&

Mysore and remained under its authority until the late 19h century (Ramesh
Krishnaiah, 2013, p. 7).

When the British arrived in the mid-1800s, they chose Bangalore as the
location for a military base. Over time, the city developed two parallel centers
consisting of an old city - also known as Pettah - in and around the original Fort,
and a newly established cantonment catering to British and Anglo-Indian residents.
Each portion of the city was separately governed, with the cantonment being
administered by the British government, and the city areas being governed by the
State Government of Mysore ("Bangalore Development Authority (BDA)," n.d.).
Both areas continued to expand, eventually incorporating almost 26 extensions and
villages so that, around the time of India's independence in 1947, they were largely
contiguous.
In 1949, the two halves of the city were consolidated under the Corporation
of the City of Bangalore. This period also marked a time of rapid urban expansion as
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Bangalore was appointed the capital of the newly created state of Karnataka (1956)
and quickly became a major center of industry and commerce. By 1961, it was the
fifth largest city in the country in terms of population and its boundaries were
constantly expanded to reflect this in-migration (Ravindra, Venkataraman, Edadan,
& Masta, 2012, p. 15). The city's administrative areas were most recently expanded
in 2007 after seven municipal councils, one town municipal council, and 110 village
councils were incorporated to form the Greater Bangalore metropolitan region - the
Bruhat Bengaluru Mahanagara Palike or BBMP - increasing the total city area from
225 sq km to approximately 741 sq km (Ravindra et al., 2012, p. 8). This growth can
be seen in Figure 5 below.
Figure 5: Bangalore Urban Expansion
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Bangalore's spectacular levels of urban growth did not take place in a
uniform manner across the city. Indeed, G.S. Sastry characterizes Bangalore's urban
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expansion in the immediate post-independence period as one of state-led
"institutional leap-frogging" and subsequent "residential infilling" resembling urban
sprawl (Sastry, 2008, p. 5). Government decisions to locate education institutions
like the Indian Institute of Sciences and the Agricultural University, and state-owned
heavy industries such as Hindustan Aeronautics Limited (HAL), Hindustan Machine
Tools (HMT), Bharat Electronics Limited (BEL), and the Indian Space Research
Organization (ISRO) outside the original city core gradually pushed its boundaries
outwards with residential colonies forming in their wake (Sastry, 2008, p. 4). These
trends accelerated over the last decade, though largely fueled by private sector
investments.
Bangalore's sprawl-like urban expansion has been exacerbated by two
further developments. First, land use planning has centered on commercial and
industrial developments along road networks. These have created "ribbon like"
patterns, with developed areas located close to new roads and vast areas of barren,
underutilized land farther away (Ravindra et al., 2012, p. 44). Second, the absence
of clear, thought-out residential infilling strategies has worsened irregular urban
expansion as indicated by the number of unofficial agricultural land to nonagricultural land conversions, encroachment of established green belts, and a robust
speculative market for residential housing, also known as "revenue layouts"
(Ravindra et al., 2012, pp. 5, 97). As such, Bangalore's rapid but poorly managed
expansion has meant that quality of life within the city has deteriorated over time.
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Bangalore Planning Authorities
Despite Bangalore's piecemeal urban growth, institutions for planning do
exist. If anything, the city has too many interweaving authorities, which has fueled a
number of organizational conflicts (Aranya, 2003, p. 11). Indeed, the long and short
of the city's woes stem from a lack of clear coordination between authorities at the
state level and those at the city level in terms of balancing the dual aims of rapid
economic growth and adequate spatial planning. To this day, the state government
reserves the sole authority over industrial policy and the economy, while land use
and spatial planning rests with metropolitan authorities. These competing goals
and responsibilities have resulted in many of the city's most pressing urban
problems.
Bangalore's premier planning institutions are, for the most part, para-statal
entities. A vast majority of these institutions are managed by and are accountable to
state governments, which, back in the 1950s, was seen as the best way to shield
them from the "machine politics" of city government (Connors, 2007, p. 52). At the
forefront of these institutions is the Bangalore Development Authority (BDA), which
was established in 1976 to prepare, enforce, and implement plans. Even today the
BDA, whose planning tools include land use plans, zoning regulations, building
permissions, and building by-laws, remains the city's main spatial and physical
planning authority (Aranya, 2003). Other para-statal planning agencies that have
played a major role in the urban land market include the Karnataka Industrial Areas
Development Board (KIADB), the Karnataka Urban Infrastructure Development
Finance Corporation (KUIDFC), and utilities such as the Bangalore Water Supply and
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Sewerage Board (BWSSB) and the Bangalore Electricity Supply Company
(BESCOM)(Ravindra et al., 2012, p. 14).
At the other end of the institutional spectrum lies the city municipality, or the
Bruhat Bengaluru Mahanagara Palike (BBMP). Established in response to top-down,
state-level planning, the BBMP was created via the Karnataka's Municipalities Act of
1964 and Municipal Corporations Act of 1976 as a local authority responsible for
urban infrastructural assets. The BBMP is a locally elected body that operates on
property and building taxes, and serves the role of a service provider and
maintenance agency for civic amenities, road maintenance, and civic services, such
as waste collection and fire response (Aranya, 2003). Corporators are elected from
each ward (urban local body - ULB) to form a city council; a mayor and deputy
mayor are also elected, while a Municipal Commissioner - who is appointed by the
state government - implements the corporation decisions. In the ideal scenario, the
state's BDA and the city's BBMP would form Bangalore's two urban planning pillars,
with the former developing areas as per a comprehensive plan and the latter
maintaining them.
Despite the existence of both these planning agencies to manage and regulate
urban land markets, state-level economic policies have had a disproportionate
influence on the city's development (Aranya, 2003). In particular, the KIADB, a
state-level agency with a mandate to promote industries and the power to acquire
and develop land, has developed a number of industrial corridors and economic
development areas over the last two decades to grow the city's information and
biotechnology industries. The development of technology parks has been one of
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their main initiatives and locating these parks along Bangalore's outer periphery has
significantly altered the spatial arrangement of the city by expanding it outwards at
an unprecedented rate (Sastry, 2008, p. 5). More importantly, this rapid urban
growth has not been matched by efforts from the city's primary planning authorities
to systematically develop necessary infrastructure. As such, despite the successes of
state institutions in generating economic growth and increasing Bangalore's profile,
steady expansion has increasingly contributed to a worsening quality of life for the
average citizen.
Rapid urban expansion and sprawl is problematic for various reasons
including inefficient use of vast tracks of land, worsening mobility and accessibility
for urban residents, and major environmental degradation. However, the biggest
challenge that sprawl poses to Bangalore residents is poor access to basic
infrastructure. This is evident in many sectors including public transportation and
electricity, but none more so than water and sanitation services.
Like the BDA, the Bangalore Water Supply and Sewerage Board (BWSSB) is a
para-statal water and sewerage utility. It was established in 1964 as one of India's
first utilities. Prior to this, much of Bangalore's water was supplied via a series of
kalyanis or tanks that captured rainwater and distributed it along cascading streams
(Suseelan, 2008).
The BWSSB was created to solve the engineering challenge of bringing water
from the Cauvery River, located almost 100km away, to the city. To achieve this, the
utility had to overcome two major planning issues. First, it had to bear sole
responsibility for water supply in more than one municipality. This was
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unprecedented in India, where local governments were responsible for delivering
-

water and sanitation services. Second, the BWSSB - and the state of Karnataka
had to negotiate the acquisition of water from the Cauvery River, which also
supplies water to the neighboring state of Tamil Nadu. While disputes have

regularly flared up between the two states over the amount of water that can be
drawn from the river, the latest Cauvery Water Tribunal (CWT) verdict allocated
Bangalore approximately 1,469 million liters of water per day (MLD) of potable
water (J. T. Gr6nwall et al., 2010, p. 40). A breakdown of Bangalore's water supply
system is provided below (Figure 6).
Figure 6: Water Supply
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Of this allotment, the BWSSB's current infrastructure delivers approximately
959 MLD of water from the Cauvery River to over 530,000 households, 292,000
non-domestic entities, and 157 industries. 7 A majority of these connections are in
core city areas; only 10% of all connections are in the newly incorporated urban
periphery (Ranganathan, Kamath, &Baindur, 2009b, p. 157). Most of this
infrastructure, seen in Figure 7, was constructed in stages or schemes beginning in
the 1970s. The current phase of construction is expected to augment the city's
water supply to nearly 1400 MLD when it is completed (Mehta, Goswami, KempBenedict, Muddu, & Malghan, 2013, p. 43)
Figure 7: BWSSB Pipes
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Source: ("Open Bangalore - Data Repository," n.d.)

By most metrics the BWSSB is comparable to other utilities in India. Its
-

success in the area of meter coverage (95.5%) and staff-to-connection ratio (5.2)

7 The utility also supplies water to approximately 160,000 partially non-domestic connections
(Mehta, Goswami, Kemp-Benedict, Muddu, & Malghan, 2013).
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an indication of efficiency - are especially noteworthy. The utility also has the
distinction of being one of the first among major Indian metropolitan cities to
operate on a cost-recovery basis rather than at a loss. Moreover, even with the
constraints of a "no-profit, no-loss mandate," the BWSSB has provided some level of
access to informal settlements (Connors, 2007).
Despite its trailblazing origins and general success, the BWSSB falls short in
key areas. One major shortcoming is the high rate of unaccounted for water (UFW).
Bangalore's UFW - the total water supply entering the city minus that which is
distributed - was as high as 45.1% in 2007 (Asian Development Bank & Ministry of
Urban Development, 2007). Approximately 37-40% of losses occur because of leaks
in core areas of the city, where pipes are almost 70 years old, and losses in
transmission. The rest of the losses are due to inaccurate meter readings and
unauthorized tapping of pipes (Zaerpoor, 2012, p. 21).
Not only are these losses much higher relative to comparable utilities, but
they also significantly impact the amount of water available for domestic users.
Without leaks, the current supply of 959 MLD does not meet the estimated demand
of 1125 MLD from domestic households ("Excreta Matters: The Deccan," 2012, p.
305; Mehta et al., 2013, p. 44); with leaks, the amount of water available for
domestic use is approximately 74 liters per capita per day (LPCD), just above the
WHO stated minimum of 70 LPCD necessary to sustain human life (Asian
Development Bank & Ministry of Urban Development, 2007, p. 41; Mehta et al.,
2013, p. 45). In practical terms, this means that many households face significant

47

shortfalls and irregular service, such that water is usually available for only 2-4
hours per day every other day (Ranganathan et al., 2009b, p. 33).
The BWSSB also does not adequately track and appropriate water supplies
for non-domestic users. BWSSB demand projections rely solely on population
estimates and do not take into account industrial and commercial demand
(Zaerpoor, 2012, p. 21). The result is that the BWSSB fails on two fronts: it remains
unable to supply water for domestic users, but equally, it also fails to understand
and meet the water demand from non-domestic users.
Poor service quality is also manifested spatially. Most domestic and nondomestic connections are available within the city core but are largely absent
outside this area. As the city expands, new connections have been slow to follow.
Areas incorporated into the city limits in 2007 remain without access (Ranganathan
et al., 2009b, p. 157). Furthermore, water pressure is measurably uneven across the
city, especially for residents in hilly areas (Zaerpoor, 2012). The extent of BWSSB's
coverage is seen in Figure 8 below:
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Figure 8: BWSSB Coverage
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Nevertheless, the utility is trying a number of new tactics to increase the
amount of water available citywide. First, it has started selling treated or recycled
water for non-potable uses, such as gardening, and is in the process of building new
wastewater treatment facilities (J. Gr6nwall, 2008, p. 72). Second, it has encouraged
individual households to adopt rainwater-harvesting technologies to reduce
reliance on municipal pipes. To this end the utility has even constructed a Rainwater
Harvesting Theme Park to raise awareness and to highlight the benefits of rainwater
harvesting (Zaerpoor, 2012, p. 7).
The BWSSB has also sought to increase access to users located in peri-urban
areas. First, the BWSSB operates and maintains between 7,000 - 10,500 borewells
connected to standpipes cross the city (J. T. Gr6nwall et al., 2010, p. 42; Mehta et al.,
2013, p. 43). Second, the BWSSB also manages its own water tanker fleet with
approximately 65 trucks delivering water across the city. Although mostly intended
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as an emergency delivery service, customers are also able to purchase tankers to
supplement their piped water connections. Finally, the BWSSB has sought funding
from multilateral agencies, most notably the Japan International Cooperation
Authority (JICA), to extend municipal pipes to eight satellite towns outside the core
city area under the Cauvery Stage IV scheme (Mehta et al., 2013).
Nevertheless, the BWSSB still remains unable to fully supply domestic and
non-domestic water users with adequate amounts of water. This has forced citizens
to supplement piped water with a mix from other sources, most notably
groundwater. Indeed, the Central Ground Board estimates that almost 40% of the
population depends on groundwater, an observation that is borne out by the
number of new residential, commercial, and industrial entities that have been
developed around the city's urban periphery without any connection to municipal
pipes (Mehta et al., 2013). In terms of volume, self-supply via groundwater is
estimated to account for almost 261 MLD (IIHS, 2014, p. 17), or about 30% of
BWSSB supply, extracted by close to 500,000 private borewells (J. Grbnwall, 2013, p.
20).

Enter the "water mafia"
In addition to self-supply, both domestic and non-domestic users also
purchase water from a thriving private tanker market. Tankers, which extract
groundwater and transport it via trucks to different parts of the city, account for
almost 40 MLD, or about 5% of Bangalore's total water supply (Lele et al., 2013, p.
12; Mehta et al., 2013), though more recent estimates indicate that it is closer to 160
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MLD or 18% of Bangalore's total water supply (IIHS, 2014, p. 17). Tanker water is
delivered to a variety of users including domestic, commercial, and industrial users,
most of whom either do not have access to groundwater or municipal water, or need
to supplement the water they obtain from other sources.
It is hard to point out exactly how or when Bangalore became increasingly
dependent on private tankers, but a great deal of it can be attributed to 1) the city's
rapid increase in size and population and 2) failures in the city's public institutions
to respond to these pressures. In many ways, the private tanker market has
emerged to fill a gap, allowing the city to expand in a way that would not otherwise
be possible.
Nevertheless the general perception of water tanking as an industry run by
"mafia-like" entrepreneurs stems from the key assumption that the prices charged
by tankers are exploitative and are not an accurate reflection of the true price of
water. Indeed, many claim that tankers charge users for a resource that should be
made available at the price charged by the local utility (Selva Kumar, 2015). As
such, those who run the business are viewed as rent seeking profiteers, especially to
residents who live without access to municipal pipes.
Newspapers consistently highlight the way that tankers charge high prices
and earn large profits. The Hindu, for example, recently reported on how residents
were forced to pay "through their nose" for water while tankers "made hay,"
implying that tankers profit at the expense of citizens (Yasmeen, 2015). Other
papers accuse tankers of playing on the miseries of the "water starved" while
"laughing [their way] to the bank" (Reddy, 2012). Newspapers are especially
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sympathetic to residents without access to either municipal water or groundwater
sources. Recently, the Times of India reported how Bangaloreans living in suburbs
had no option but to "submit to the mafia... and their price" (Yadav, 2015b).
Similarly, The Economic Times also lamented the "highly profitable" business of
tanking and how it is especially harmful to those on the urban periphery,
unconnected to the city's water supply (Yadav, 2015a).
While newspapers themselves do not provide reliable insight into the inner
workings of the tanker industry, they do reveal holes in the knowledge that exists on
this informal sector and raise key points that as of yet have not been empirically
evaluated. Notably, the media consistently advocates for one common solution,
government regulation (Rai, 2012; Reddy, 2012; Yadav, 2015a), and they center
their arguments on the need to regulate tanker prices, control for quality and place
restrictions on where they can or cannot operate. However, none of these
arguments are based on anything more than anecdotal evidence.
With this research, I will address whether the private water tanker market in
Bangalore requires government regulation. In particular, I will look to address
whether private tankers actually exhibit monopoly power and earn monopoly
profits, or whether their prices reflect the higher costs they incur, and I will also
explore whether tankers charge prices that disadvantage customers with certain
characteristics - i.e. consumers without access to other sources of water in the
urban periphery - or whether they operate in a manner that is characteristic of a
competitive market. The next two chapters will use interview and survey data from
field research in 2014 and 2015 to answer these questions.
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Chapter 4: Phase I - Tankers and Monopoly power
Bangalore's private water tankers have developed a reputation for operating
like monopolies, but little has been done to evaluate whether this is true. As
indicated in the previous chapter, newspapers often write about the high price of
tanker water and their extortionary profits but few stories delve into why this is the
case. In this chapter I will address this vacuum in the literature with data collected
through interviews and surveys to provide a snapshot of Bangalore's private water
tanker operations. I will also provide a breakdown of tanker costs and a simple
regression analysis using guidelines developed by Whittington et al in their analysis
of water vending in Ukunda, Kenya and Tegucigalpa, Honduras (Whittington, Lauria,
Okun, & Mu, 1989).
The aim of this chapter is to answer three questions. First, how does the
tanker industry work and how do tankers operate? Second, what are the major
costs that tankers incur and what are the estimated profits given these costs? Third,
are the financial barriers to entry and economies of scale within the tanker industry
characteristic of monopoly behavior? In answering these questions, I conclude that
tanker prices are high because tankers incur high operation and management costs.
Further, low financial barriers to entry and low economies of scale indicate that, on
average, they do not operate like monopolies. This chapter serves as a Phase I
analysis that centers on tanker costs. The next chapter will conduct Phase II
analysis with a greater emphasis on tanker prices.
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The Business of Tanking
overview
Nobody really knows when the first water tankers emerged or whether they
existed before Bangalore's rapid growth in the mid 1990s. Tanker owners who
were interviewed reported various occupations prior to entering the water
distribution business. These included shopkeeping and trading. For many, water
vending still remains a side business and one amongst many petty trading
occupations. Other respondents, mostly government servants and bureaucrats,
indicated that water vending was a steady post-retirement career.8 Tanker owners
frequently reported that they got into the water distribution business overnight
after hitting groundwater while drilling borewells for personal use. Good yields and
a high demand for tanker water prompted these entrepreneurs to explore the
possibility of turning water delivery into a business ("Fieldwork: Private tanker
interviews," 2014).
Today there are various estimates for the number of tanker companies that
operate in Bangalore. Ranganathan puts the number of tanker companies at
approximately 200, while others believe the number to be between 100-120
("Excreta Matters: The Deccan," 2012, p. 308; Ranganathan, 2014, p. 96). These
companies own between 1,000 and 3,000 trucks. BWSSB officials believe that there
are in excess of 2,500 tanker vehicles, the Central Ground Water Board (CGWB)

8 Some private tanker owners indicated that they entered into the business after retiring from the
police force or other bureaucratic job. Ranganathan also discusses how private water vending is a
major source of revenue for local politicians - also known as "corporators" - in many parts of the city
(Ranganathan, 2014). Although I came into contact with some tanker owners I suspected to be local
politicians, it is difficult to conclusively state if they were corporators.
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estimates around 2,800, and the Karnataka Regional Transportation Organization
(RTO) puts the number at approximately 1,000 (Central Ground Water Board, 2011,
p. 20). Given that tankers, according to interviews, own between 2-4 trucks, it
appears that the RTO estimation is likely to be most accurate. As such, a map of all
registered tanker vehicles and where they operate by ward, based on RTO data, is
included below.9

Figure 9: Tankers & Tankers per HH by Ward
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Source: Regional Transportation Office, Bangalore

The most striking aspect of Figure 9 is that private water tankers are
clustered around the city's periphery where they serve a range of consumers who

9 This map was produced according to data on registered water tankers provided by the RTO central
office in Bangalore in August, 2014. 1 am responsible for all geocoding and any associated
inaccuracies. Any tanker vehicle that was listed as either a government agency or a private company,
such as a brewery, construction company, or restaurant, was removed when making these maps.
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lack BWSSB municipal connections. These include industrial users such as factories
and construction companies, as well as a variety of non-domestic establishments
such as shopping centers, hospitals, hotels, and restaurants. In addition, tankers
also deliver water to domestic users ranging from individual homeowners to mega
apartment complexes ("Fieldwork: Private tanker interviews," 2014).
Interviews with tanker companies reveal that Bangalore's water tankers are
a Type V Mobile Distributor according to the Kariuki and Shwartz typology provided
in Chapter 1 (Kariuki & Schwartz, 2005, p. 12). Tankers generally obtain their water
from their own sources - usually borewell dug on the premises of their house- or
from households that sell excess borewell water, and transport this water directly to
customers. A diagram of tanker operations is provided in Figure 10.
Figure 10: Overview of Tanker Operations
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Breakdown of Tanker Profits

In order to measure tanker company profits and clearly understand tanker
costs, I investigated a number of key aspects related to how tankers conduct their
business. This included identifying their average revenues from estimates of
average tanker capacity, distance traveled, frequency of trips, and prices charged; I
also determined their costs from estimates of the amount they spend on water
acquisition, labor, transport, and licenses.
As stated above, most tanker companies owned three or less trucks ranging
in capacity from 2,500 liters to 15,000 liters. Examples of tanker types can be seen
in Table 3 below. The most frequent tanker size is around 6,000 liters ("Fieldwork:
Private tanker interviews," 2014). However, tanker companies indicated that
customers do not always order a full tank, so the amount of water that is actually
delivered is sometimes half this capacity. Often, tanker companies that owned
larger trucks - between 6,000 - 15,000 liters - tended to exclusively supply nondomestic users.
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Table 3: Tanker Capacities

Frequency

Capacity (liters)

1

4,000 - 5,000

22

5,001 - 7,000

2

7,001 - 10,000

6

> 10,000

Source: ("Fieldwork: Private tanker interviews," 2014)

Tanker companies also indicated that they hire the same number of drivers
as they have trucks. On occasion some owners choose to hire additional "helpers"
who work with drivers to fill and pump water. For most, hiring decisions are made
with the intention of ensuring that their business can operate around the clock
("Fieldwork: Private tanker interviews," 2014). A summary of this information is
included in Table 4 below:
Table 4: Trucks & Employees

Personnel

Average
3

Median
2

Trucks

2

2

Min

0

Max
9

14

n=25
Source: ("Fieldwork: Private tanker interviews," 2014)

The number of trips tankers make per day is mostly determined by demand
for water, which varies by season. On average tankers make between 4-5 trips per
day during the wet season, compared to a reported 10-12 trips per day in the
summer. Distances that tankers travel range between 4-5 km (average: 4.8 km), and
most tankers indicated that it was only on rare occasions that they ventured to
areas 8-10 km away from their base of operations. Most tankers also revealed that
they travelled beyond their areas of operation only if they are able to procure water
from households in other parts of the city ("Fieldwork: Private tanker interviews,"
2014). This information is illustrated in Figure 11 and Table 5 below:
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Figure 11: Number of trips per day and average distance per trip
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Source: ("Fieldwork: Private tanker interviews," 201,
Table 5: Number of trips per day and distance per trip

Average

Me dian

Distance per trip (kin)

4.8

4.5

Trips per day

13

13

Min
1.5
3

Max
10

42

n=27

I

Source: ("Fieldwork: Private tanker interviews," 201.

Profits and Price-Cost margins
When this study was conducted, the prices reported for a tanker truck varied
depending on capacity, with a 6,000-liter truck costing between Rs. 350 to Rs. 700.
This translates to approximately Rs. 30 per kl to Rs. 85 per kl (average: Rs. 71 per
kl), as seen in Figure 12. In comparison, the average price of municipal tanker water
is approximately Rs. 60 per kl while the average tariff for piped municipal water is
approximately Rs. 20.55 per kl (Asian Development Bank & Ministry of Urban
Development, 2007, "No Water? Call BWSSB's Tankers," 2014; J. Gr6nwall, 2008, p.
314).
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Figure 12: Tanker Prices
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Source: ("Fieldwork: Private tanker interviews," 2014)

Tanker owners report that their pricing strategy is determined by two key
factors: 1) the amount of water purchased by consumers and 2) the distance their
trucks have to travel from their base of operations. According to them, higher
distances mean higher prices, while more frequent and bigger water purchases
mean lower prices. They also indicated that their prices vary by season. Prices in
summer months are consistently Rs. 100 to Rs. 200 higher per truck. Seasonal
prices correspond with increasing demand for water, but they also reflect the fact
that tankers have additional supply side costs including higher electricity prices
("Fieldwork: Private tanker interviews," 2014). Tanker owners also revealed that
they usually keep prices stable year-round for frequent customers to whom they
either provide water on a regular basis or with whom they have entered into annual
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contracts. Contract agreements usually stipulate an annual increase of between 510% in prices ("Fieldwork: Private tanker interviews," 2014).
A breakdown of daily costs and revenue for tankers, along with an imputed
monthly and annual profit, is included in Table 6 below. Monthly revenue was
generated using trips per day, tanker capacity, and price per kl. Tanker costs were
broken down into two categories: 1) estimated operating costs and 2) estimated
capital costs.
Estimated operating costs, including water acquisition, water transportation,
licenses, and taxes paid to local authorities, were determined from interviews and
surveys. Given the short time available for fieldwork, it was not possible to
determine accurate estimates of all fixed capital costs, which generally arise from
purchasing a vehicle and drilling a borewell. However, tankers did indicate that the
capital cost of a 6,000-liter truck was between Rs. 700,000 and Rs. 1,000,000. In
order to estimate the impact of capital payments on monthly capital costs, I chose to
include Capital Recovery Factor rates (CRF) of varying degrees (CRF: 0.12

+

15

years, 9%; CRF: 0.16 - 10 years, 10%; CRF: 0.20 - 10 years, 15%) on the average
tanker price of Rs. 850,000 (Whittington, Lauria, & Mu, 1991).
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Table 6: Estimated tanker costs & revenues (n=25)
Average

Median

PCT(O.05)

PCT(O.9S)

13
6.7
71

13
6
70

3
5
46

27
10.52
92

215,955

126,000

42,900

481,050

e. Water acquisition 10 (Rs. / month)

36,124

35,000

5,500

74,497

f. Transportation (Labor)

33,904

20,100

11,000

105,600

g. Transportation (Fuel)

51,155

26,500

3,150

179,500

h. Fitness Certificate + Maintenancell (Rs. /
month)
i. Road Tax (Rs. / month)
Total Cost (Rs. / month) - e +f+ g + h:

6,776

6,000

2,150

14,920

1,592

1,367

667

2,983

596,218

88,967

22,467

416,343

(If CRF: 0.12 -*15 years, 9%)

8,500

8,500

8,500

8,500

(If CRF: 0.16

10 years, 10%)

11,333

11,333

11,333

11,333

(If CRF: 0.20+ 10 years, 15%)

14,166

14,166

14,166

14,166

(Operating + capital costs, if CRF: .12)

138,051

97,467

30,967

386,000

(Operating + capital costs, if CRF: .16)

140,884

100,300

33,800

388,833

((Operating + capital costs, if CRF: .20)

143,717

103,133

36,633

391,666

Monthly Profits
(Revenues - total costs, if CRF: .12)

77,904

28,533

11,933

95,050

(Revenues - total costs, if CRF: .16)

75,071

25,700

9,100

92,217

(Revenues - total costs, if CRF:.20)

72,238

22,867

6,267

89,384

299

109

46

365

Revenue

(per month)

a. Trips per day
b. Tanker capacity (kl)
c. Price per ki (Rs. / kl)

Total Revenue (Rs. / month) - a x b x c x 30:
Estimated Operating Costs (per month)

Estimated Capital Costs:
(Truck Market Price CRF)/12 months

Monthly Total Costs

Implicit Wage

Rage

12

(Monthly profits/ Hours worked, if CRF: .12)

Source: ("Fieldwork: Private tanker interviews," 2014; Whittington et aL., 1988)

10 Water acquisition costs were calculated in one of two ways. Tankers either reported the cost of
directly purchasing water (Rs. per trip) or reported their electricity costs per month. As such, water
acquisition costs were calculated on a monthly basis either based on the number of trips traveled per
month or the accumulated costs of drawing groundwater.
11 Fitness certificate and maintenance costs were usually reported as one cost.
12 Tankers indicated that they worked as long as necessary everyday of the month. I calculated
hourly wage by dividing monthly profits by 260 - or 10 hours a day, 26 days a month - in order to
obtain a conservative estimate of implicit monthly wages.
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The average monthly profits for private water tankers range between Rs.
72,000 - 78,000. However, the difference between the average profits and median
profits indicates that some high earning tanker companies positively skew these
figures. The median value is therefore a better estimate of tanker profits, and this
value ranges between Rs. 22,800 - 29,000. Substantively, this means that tankers
earn monthly profits that are approximately double the minimum wages for semiskilled workers as stipulated by the Government of New Delhi (Rs. 10,010) ("Office
Of The Labour Commissioner," 2015). Their profit margin is between 22 - 29%, and
their implicit hourly wage is Rs. 109, which is similar to the hourly compensation for
an Indian manufacturing worker in 2010 (approximately Rs. 99, adjusted for
inflation) according to the US Bureau of Labor Statistics ("Manufacturing in India,"
2013). None of these measures - absolute monthly profits, profit margins, nor
implicit hourly wages - imply significant monopolist "rents." As such, the higher
price of water is more likely the result of the higher costs tankers pay to procure
and deliver water to consumers than it is a result of monopoly power.

Barriers to entry and economies of scale factor
In addition to understanding profits, I chose to perform a simple regression
analysis as per Whittington et al (Whittington et al., 1988) in order to develop cost
of supply functions. The following analysis is intended to estimate the set up costs
of the tanker business and to determine the tanker economy of scale factor (the
percentage increase in vendor cost for every percent increase in sales). The
purpose of this analysis is to understand whether tanker markets exhibit high
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barriers to entry (set up costs) and increasing returns to scale, both of which are
more indicative of monopoly behavior.
To undertake this analysis, I first fitted two models to the cost data obtained
from interviews. The first was a linear model and the second was a power model,
both of which are included below:

cJM = flo + ftQ
COM = QJA
Where
COM = Cost of Operation + Maintenance expenses in Rs./ month

Q = Quantity of water
n

=

sold (kl/ month)

25
COM = 32103 + 32.8* Q

R 2 = 0.88

COM = 4.799

*Q08

R2 = 0.85
The first linear equation implies a set up cost of Rs. 32,000, which is incurred
even if no water is sold. This means that new tankers entering the market would, on
average, need Rs. 32,000, which does not imply significant financial barriers to entry
given the willingness of banks and other intermediaries to lend to tanker owners
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("Fieldwork: Private tanker interviews," 2014).13 The second power equation
includes a scale factor (0.874). This indicates that an increase in vendor sales (Q) by
100% would lead to an increase in a tanker's total monthly operating and
maintenance expenses by only 87%. Said otherwise, tankers benefit from
economies of scale, but the economy of scale factor for tankers is low: selling more
water yields a small corresponding decrease in operation and maintenance costs.
As such, tankers do not appear to accumulate the benefits that monopolies tend to
accumulate as they increase sales and expand their business.
Lerner Index of monopoly power
Finally, I tested the extent of tanker monopoly power using the Lerner Index
first published by Abba Lerner in 1934. The index, which measures the social loss
as the divergence between price and marginal cost, highlights allocative
inefficiencies created by the pursuit of monopolist profits. The index is often
described as a measure of "market imperfection" since it measures monopoly power
against a hypothetical competitive equilibrium in which many firms produce with
&

constant returns to scale and with marginal costs equal to their price (Elzinga
Mills, 2011).

13 At least three tankers indicated that they were paying back loans on their trucks. Nevertheless,
financial barriers to entry are not the only indicator of barriers to entry. Others might include social
or political barriers that are created by current tanker operators who might work as local politicians,
or collusive behavior amongst tanker operators. Both of these issues are beyond the scope of this
study.
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The Lerner Index is measured as follows:
L=

P -MC

Where
P = Price (Rs./ kl)
MC = Marginal Cost (Rs./ kl)

The index ranges between 0 and 1, with 0 indicating perfect competition and
1 indicating a monopoly. Anything in between signals firms that show some degree
of monopoly power.
The fitted marginal cost equation above is reproduced below:
COM= 32103 + 32.8* Q
I also fitted a revenue function:

REV

=

-7706 + 74 *

Q

Where
REV = Revenue in Rs./ month

Q = Quantity of water sold

(kl/ month)

The Lerner index shows that tankers exhibit monopoly power of 0.54,
somewhere in between a monopoly and perfect competition. This suggests that
tankers do, on average, display some form of market power, though not as much
power as a monopolist might display.
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How do tankers earn a profit?
,

Despite pricing their water on par with water delivered by the BWSSB1 4

private water tankers still enjoy profits, even without resorting to monopoly-like
behavior. Much of this can be explained by the major differences in average
operating costs between tankers and the BWSSB.
Estimated operating costs for both private tankers and BWSSB tankers
mainly come from water acquisition and water transportation. For private tankers,
the estimated operating cost is Rs. 44 per kl, with water acquisition costs accounting
for Rs. 14 per kl and transportation costs equaling Rs. 28 per kl. 15 For the utility, the
average price of water (Rs. 60 per kl) and the cost of water acquisition (Rs. 23 per
kl) are known, and the difference between these values makes up the cost of
transportation (Rs. 37 per kl), assuming that the BWSSB operates on the principle of
"no profit, no loss."
Table 7: Tanker costs vs. BWSSB costs

Avg. Cost of water
acquisition
% of total

Rs. /kl

Avg. cost of
transportation
Rs. / kl

% of total

Avg. cost of license
fees
% of total

Rs. / kl

Rs. / kI

cost

cost

cost

Total Average
Cost

Tanker

14

31%

28

64%

2

5%

44

utility

23
-9

38%

37
-9

62%
2%

0
2

0
5%

-16

Difference
Tanker
Discount
vs. BWSSB

-9
23

-7%
-39%

= -24%

N/A

-7

60

-16
60

-27%

Source: ("Fieldwork: Private tanker interviews," 2014; Kaggere, 2014)

The average price of tanker water is approximately Rs. 70 per ki while BWSSB tanker water is Rs.
60 per kl.
15 Remaining costs for private tankers are usually made up of licenses and taxes.
14
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According to Table 7, we see that tankers and the utility spend approximately
the same percentage of their total costs on water acquisition and transportation.
The average cost of water acquisition per k1 is approximately 31% of total costs for
private tankers compared to 38% for the BWSSB, while the average cost of
transportation is approximately 69% for private tankers compared to 62% for the
BWSSB. While water acquisition and transportation as a percentage of total costs
are similar for both private tankers and the utility, private tankers perform their
tasks more efficiently because their total average cost is lower.
This lower cost can be mostly explained by looking at the differences in the
average cost of water acquisition and transportation between the private tankers
and the utility. Tankers acquire their water at a 39% "discount" compared to the
BWSSB; similarly tankers are able to transport their water at a 24% "discount"
compared to the BWSSB.1 6 As such, tankers save most of their costs by acquiring
water at a cheaper price.
This reveals a troubling feature: it is cheaper to extract water from the
ground than it is to acquire it via pipes. Therefore, tankers have a greater incentive
to continually extract groundwater given its relatively cheap price. In this way, they
contribute to Bangalore's already problematic situation of an ever-decreasing
groundwater table. While private tanker operators seem to operate in a manner
that is competitive, they are doing so at the cost of the environment. This theme, as

16 Taxes and regulations include road taxes, fitness certificates, and permits. These are applied to
transportation but not to water acquisition. The tanker discount was calculated by measuring the
difference between tanker and BWSSB costs and dividing the difference by the total BWSSB costs.
Hence, the water acquisition discount is equal to (-9/23) and the transportation discount is equal to
(-9/24).
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well as potential policy recommendations, will be explored in greater detail in
Chapter 6.

Summary
In summary, tankers operate in a manner that resembles a competitive
market. Tanker price-cost margins suggest that their prices are highly determined
by costs they incur and their estimated profitability reveals that they are not
charging prices that are significantly higher than their costs. Moreover, the financial
barriers to tanker entry remain low with set up costs equal to Rs. 30,000 and small
returns to scale. Hence, despite the relatively high monopoly power of 0.54
indicated by the Lerner Index, all other indicators suggest that the tanker market
might still be better described as competitive. These results might explain what
many tanker owners mentioned during interviews, which was that their profits
were dwindling due to an influx of competition. Five tankers even mentioned that
the influx of competition has forced them to consider other occupations
("Fieldwork: Private tanker interviews," 2014).
Nevertheless, these findings are illustrative rather than conclusive for a
number of reasons. First, the sample size is small compared to the estimated
number of tanker companies that operate in the city (25 out of an estimated 200).
This is especially important when assessing barriers to entry. Anecdotal evidence
seems to suggest that many tanker owners are corporators, or local politicians. As
such, it is likely that other barriers to entry might manifest in unstudied locations in
ways that are not reflected in set up costs. It could also mean that anti-competitive
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behavior is rife in certain parts of the city. Second, all information was collected in
two periods outside of the Bangalore summer, which is when tanker prices are
reportedly at their highest. Finally, this analysis still does not explore whether the
markups that tankers charge above the cost of water vary by customer. While it
appears that, on average, tankers do not earn profits significantly higher than their
costs, it is still unclear whether prices are discriminatory depending on customer
profiles and where they live in the city.
The next section will attempt to address this concern by exploring the key
factors that affect tanker prices to see if there is any evidence of differentiated
pricing amongst residents with different socioeconomic statuses and different water
consumption patterns.
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Chapter 5: Phase I - Tankers and Price Dispersion
The thrust of the argument regarding the anti-competitive behavior of
Bangalore's private tankers often comes down to variations in tanker prices across
the city. Of particular note are the high prices that tankers are accused of charging
in parts of the city where customers have no access to municipal water connections
(BWSSB).
To recall, water for most Bangaloreans comes from one of three sources: the
BWSSB, domestic borewells, and/or the private tanker market. Generally
consumers seek out municipal water access before resorting to borewells. Next
consumers drill their own borewell and, if they are unable to strike water, they
purchase water from the private tanker market. There is an expectation that
tankers charge monopoly prices to customers in their areas of operation because 1)
customers are geographically constrained and can only chose tankers that operate
in a certain area and because 2) customers are unlikely to know which tankers in
their area offer the lowest price. Moreover, given the fact that tankers do not face
significant "menu costs" and can easily change prices, theories of price dispersion
would suggest that the market for tanker water prices would not converge on one
price, but would vary depending on how much monopoly power tankers exhibit in
their area of operations (Warin & Jones, 2007).
The following section will examine the issue of tanker price dispersion with
the aim of examining whether tankers charge prices that are significantly different
in some parts of the city versus others, and what might be the cause of those
differences in price. In particular, I hope to explore three questions. First, is there a
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marked difference in tanker prices across the city? Second, are people with less
access to water charged a higher price? Third, do prices across the city change
according to different consumer characteristics?

In order to undertake this analysis, the IIM-B, Citizen Matters, and I ran an
online survey in two newspapers during the month of January and February 2015.
This survey yielded 128 random responses from apartment managers and residents
across the city of Bangalore. The survey asked respondents about the amount of
water procured by their apartments, where they obtained their water (i.e. whether
it was from municipal pipes (BWSSB), borewells, and/or tankers) and how much
they paid for

it.1 7

To corroborate survey responses, data on municipal water

consumption for apartments across the city was collected from the BWSSB.18
Additionally, data from the RTO was used to geocode tanker offices. Finally, a
database of the prices of newly constructed apartments compiled by IIM-B was used
as a proxy for customer income levels.

Some calculations were performed in order to obtain these amounts. In order to determine how
much tanker water was consumed, I multiplied the (frequency of tanker orders) * (the number of
tanker purchases per order) * (capacity of tankers). A copy of the survey is included in Appendix B.
18 BWSSB water delivery information was used to corroborate information for some apartments in
the city but not for all. For apartments that receive water, I chose to determine an average
consumption based on the amount of water consumed in one month in the summer and one month in
the winter of 2014. For households that were not included in the list, I used BWSSB tariff rates to
determine the amount of water consumption based on reported monthly bills that survey
respondents were paying to the BWSSB.
17
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Prices and clustering across the city
As part of this study, I asked survey respondents to include information on
the price they pay, on average, for tanker water. A map indicating the price of
tanker-supplied water across the city in Rs. per kl is included below:
Figure 13: Tanker prices across Bangalore
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Source: ("Fieldwork: Domestic User Online Survey," 2015)

Figure 13, at first glance, reveals some variation in tanker price across the
city. Customers reported that prices varied between Rs. 50 14 to Rs. 400 per kl, with
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a mean price of Rs. 120 per kI and a median price of around Rs. 90 per kl.19
However, there appears to be no evidence of spatial clustering in these prices. That
is, there do not appear to be any parts of the city where tanker prices are similar.
This is confirmed by a Global Moran's I of -0.0531 which suggests that there is little
evidence of spatial autocorrelation and clustering of tanker prices anywhere in the
city (p<0.05). This procedure, while cursory, indicates that tankers do not appear to
charge similar prices in different parts of the city.20
To test whether there were any significant differences in the median tanker
price for customers 1) with access to BWSSB water, 2) with access to borewell
water, 3) with access to both, or 4) with access to none, I produced boxplots, which
are included below (see Figure 14). Further, I conducted a one-way ANOVA to see if
mean tanker prices deviated significantly for those 1) with and without access to
pipes, 2) with and without access to borewells, and 3) with and without access to
both. In all instances, the one-way ANOVA failed to reject the null hypothesis
(p<0.05), which indicates that sample average tanker prices are drawn from a
population with the same sample means. Said otherwise, the prices that customers
across the city pay are not significantly different. 21 As such, there appears to be no
significant variation in tanker prices depending on whether consumers have access
to other sources of water.

19 This price is higher than the average price reported by tankers (Chapter 4). This might be due to
overestimation by survey respondents or underestimation by tankers. However, this is not a major
concern for this analysis.
20 In order to perform the Global Moran's I spatial clustering analysis, I used GeoDa to create
Theissen polygons around each point data and generate spatial weights with queen contiguity of
order 1. A scatter plot and a Global Moran's I test is included in Appendix D.
21 Appendix D includes the ANOVA table for all three cases.
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Figure 14: Tanker prices for consumers with different levels of water access
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S

Source: ("Fieldwork: Domestic User Online Survey," 2015)

What determines a tanker's price?
Given that people across the city do not pay significantly more for tanker
water, what are the major factors that affect prices? Do prices vary according to
whether consumers live in different parts of the city; the amount of tanker water
they buy; their socioeconomic status; or the amount of tanker competition? To
address these questions, I chose to run regression analyses and ordinary-least
squares statistical tests.
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Model 1: Original Model
My initial model (Model 1) included customers and their access to the three
sources of water: BWSSB, Borewell, and the amount of water people purchased from
tankers, as interviews with tankers revealed that this was a major factor in pricing.
The model is illustrated below:
Model 1
Y =

+

JAXBWSSB

+

J3 2XBORWELL

+ fJ3XLTANKER

Where
BWSSB: 1 = BWSSB connection 10 = no BWSSB connection
BOREWELL: 1 = BOREWELL 10 = no BORWELL
LTANKER: Log amount of tanker water purchased in kl per month

Predictors BWSSB and Borewell are dichotomous variables (access = 1 no
access = 0) while LTANKER is the natural log of the amount of tanker water
customers purchased in kl per month. All scatter plots of bivariate relationships are
included in Appendix D.
Model 1 indicates that the logged amount of tanker water customers
purchased is negative and highly significant for f3 (p<0.05), while other predictors
are insignificant. This suggests that there is a negative difference in the price of
tanker water for customers who purchase more tanker water. In particular, a 100%
increase in the amount of water consumed per month is expected to show a negative
difference of 10% per kl in the price of tanker water.
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This relationship suggests that tankers do indeed offer their customers
something akin to a volume-discount rate. That is, those customers who purchase
more water receive a lower price per kl from the tanker. Nevertheless the
magnitude of this discount is small, which suggests that tankers are already
charging their customers a low price and are not inclined to reduce prices by much,
no matter how much their customers purchase.

Models 2 and 3: Interactions
Given some evidence of a volume-discount, I tested whether the rate of the
discount varied depending on a customer's current access to other sources of water,
such as BWSSB pipes and borewells. I generated two interaction terms, one that
tested whether there was a difference in the rate of volume discounts for those with
and without municipal piped connections (Model 2), and one that tested whether
there was a difference in the rate of volume discounts for those with and without
borewells (Model 3). The purpose of these models was to see if customers with
access to other sources of water benefitted from larger tanker discount rates
because their demand for water is more inelastic - an indication that tankers exhibit
price discrimination and some degree of monopoly behavior. Moreover, in practice,
any evidence of a larger discount for those with BWSSB connections or borewells
would indicate that those without BWSSB connections or borewells are at a
disadvantage.
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Model 2

9

=

f+

XBWSSB

+

/I2XBORWELL

+

J3 3XLTANKER

+ fJ4XBORWELLxLTANKER

Model 3

9

=

/ 3 + /NXBWSSB

+

J3 2XBOREWELL

+

/ 3 3XLTANKER

+

JJ4XBWSSBxLTANKER

Where
BOREWELLxLTANKER: BOREWELL * LTANKER
BWSSBxLTANKER: BWSSB * LTANKER

Both models indicate that there are no significant differences in volumediscount rates for those with access to either municipal pipes or borewells
(fl3 : p > 0.05 | ,4: p > 0.05). The main effects of having access to municipal pipes or
borewells were also insignificant (p>0.05). However, the amount of tanker water
purchased still indicated a significant (p<0.05) negative difference (100% increase
in tanker consumption per month will result in a 10% decrease in price) on tanker
price. As Figure 15 and 16 below indicate, the volume discount rates between those
with and without BWSSB connections and those with and without borewells are
similar (curve slopes are similar), which suggests that those with access to alternate
sources of water do not benefit from a larger volume discount rate from tankers.
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Figure 16: Logged Tanker price for customers with and
without BWSSB connections
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Model 4: Including socioeconomic measures
To test whether the original model (Model 1) was robust when controlling
for the socioeconomic characteristics of consumers, I included additional variables
to proxy for socioeconomic factors (Model 4). First, I included a measure of income
- natural log of house price - by generating interpolated housing prices from newly
constructed apartments in 2013 (Figure 17).22 Second, I also included the natural
log of distance from the center of the city to account for socioeconomic differences
that might be captured in residential patterns.

22 Housing prices were obtained from the IIM Bangalore's database of newly constructed housing
and their sale price (Rs. per sq ft). In order to interpolate prices, I first generated 50m 2 grids across
the city and used ArcGIS's raster spatial analyst to determine prices for consumers who were not
included in the original dataset.
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Model 4

9 = %+

xBWSSB

+

2XBOREWELL

+

J33XLTANKER

+

J3 4XLHPRICE

+ 85XLDISTCENTER

Where
LHPRICE: Log of interpolated residential housing prices in Rs./ sq ft in 2013
LDISTCENTER: Log of distance from the center of the city in meters
Figure 17: Price of newly constructed apartments

Source: IIM Bangalore

Both socioeconomic measures yielded insignificant results (p>0.05). This
indicates that tanker prices do not vary if consumers have higher incomes. Said
otherwise, tankers do not appear to charge higher prices based on whether a
customer is rich or poor. However, including socioeconomic characteristics made
access to BWSSB a negative (access to BWSSB pipes results in a -0.2% negative
difference in tanker prices) and marginally significant (p<0.1) factor. This suggests
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that while tankers do not discriminate based on income, those with BWSSB
connections appear to pay lower prices. Nevertheless, this relationship is only
weakly significant; the only significant relationship remains the volume discount
(p<0.05) for those who buy more tanker water per month.

Models 5 and 6: Including supply size variables
Finally, I included supply side variables to see if these factors influenced
tanker prices more than demand side variables. First, I included a variable
capturing the natural log of average distance from apartments to where the five
nearest tankers were registered. This was included to account for the distance
tankers have to travel to serve their customers (Model 5).23 Second, I included a
count variable that captured the number of tankers that operated in a 4 km radius of
each apartment to see if competition had any influence on price (Model 6).24 Data
on all registered private tanker trucks and the location of registered offices was
obtained from the Karnataka RTO offices in Bangalore in August 2014.

23 The dataset of geocoded water tankers in the city was layered on top of the geo-tagged apartment
survey and the software Spatial Ecologist was used to determine the distance between each
apartment to the five nearest tanker locations. An average distance was later calculated.
24 The dataset of geocoded water tankers was layered on top of the geo-tagged apartment survey,
and a buffer radius of 4km was used to determine competition around each apartment. A 4km buffer
radius was used as tankers indicated that this was the average amount they traveled to deliver water
(Chapter 4).
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Model 5

9

=

3+

/1XBWSSB

+

/I2XBOREWELL

+

I3 3XLTANKERS

+

/ 3 4XLAVEDIST

Model 6

9

=

flO +

[AXBWSSB

+

IAXBOREWELL

+ fJ3XLTANKERS +

I3 4XCOUNT

Where
LAVEDIST: Log avg. distance of 5 nearest tankers from customer (in meters)
COUNT: Number of tankers within a 4 km buffer of apartment

Neither of the predictors (LAVEDIST or COUNT) are significant, but both
Model 5 and Model 6 re-emphasized evidence of a volume-discount, as the amount
of tanker water consumed is significant (p<0.05) and negatively correlated with the
price of tanker water.

Model 7: Robustness using Instrumented Variable (IV)
The aforementioned models indicate that the only factor influencing the
price of tanker water is the amount of water people purchase from tankers. Model 1
captures this relationship, and given its parsimony, is the most efficient.
However, while the amount of tanker water purchased affects tanker prices,
it is also possible that the price of tanker water affects the amount of water that is
purchased. In order to test for this condition (endogeniety) I included an additional
robustness test using an Instrumental Variable/ two-stage OLS approach.
I ran a two stage OLS regression analysis using the number of flats or units in
each apartment as an instrument. The number of flats in any residential unit is
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highly correlated (p<0.05) with the amount of tanker water that is consumed but
uncorrelated with the prices that people pay. A plot summarizing the relationship
between the logged tanker water consumed per apartment and logged flats per
apartment is included in Appendix D, and it indicates a positive correlation. Flats do
serve as an adequate instrument.
Given this relationship, I regressed tanker water consumption on flats and
used the fitted values to predict tanker price. The instrument variable approach is
highlighted below:

Model 7
It=
Y = f

+

fAXLFLATS

+ fllXBWSSB +

I3 2XBOREWELL

+ I

Where
LFLATS: Log number of units per apartment

The results from the IV render my original finding - the presence of a tanker
volume discount - insignificant. The IV results suggest that the original model
exhibits endogeneity and that there does not appear to be any relationship between
the amount of tanker water consumed and the price of tanker water. Moreover, the
IV approach also indicates that most other predictors are also insignificant, which
suggests that none of these factors affects tanker prices. In other words, the IV
approach signals that prices are largely determined by factors that are not in any of
the above models.
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Summary
A summary table of all the models and approaches is included in Table 8
below:
Table 8: Determinants of Private Water Tanker Prices

Model 1

Model 2

Model 3

Model 4

BWSSB
-0.191
Borewell
-0.133
LTANKER
-0.0972***
BWSSBxLT-R
Borewell-R
LDIST_CE-R

-0.314
-0.133
-0.115*
0.0211

-0.197
-0.187
-0.106***

-0.233
-0.194
-0.146
-0.129
-0.0984*** -0.0972***

Model 5

Model 6

Model 7

-0.190
-0.133
-0.0972***

-0.0318
-0.155
-0.0575

0.0130
0.0205

LH_price
LAVEDIST

0.190
-0.0195

Count_
-cons

5.238***

5.351***

R-sq
mss
rss
df m
df r
F

0.237
6.379
20.53
3
92
9.532

0.238
6.412
20.49
4
91
7.119

5.277***
0.238
6.414
20.49
4
91
7.121

3.458

5.369***

0.251
6.746
20.16
5
90
6.023

0.238
6.406
20.50
4
91
7.109

-0.00000643
5.238*** 4.990***
0.237
6.380
20.53
4
91
7.071

0.208
5.597
21.31
3

BWSSB = Access to municipal water
Borewell = Access to household borewell
LTANKER = Tanker water consumption per month
LDISTCENTER = log-distance center of the city
LH_PRICE = log-housing price
LAVEDIST = log-average distance to 5 closest tankers
Count = Number of tankers in 4km radius
* p<0.05, ** p<0.01, *** p<0.001

n=96

This study offers some interesting insights into the dispersion of tanker
prices across Bangalore. First, prices are relatively similar for tankers across the
city. While prices do vary, and are expected to vary (Varian, 1980), residents who
have access to BWSSB pipes or onsite borewells do not pay a lower price on average
than those who are completely dependent on tankers. This suggests that tankers do
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not operate as monopolists in different parts of the city or charge monopoly prices
for customers who do not have access to alternate sources of water.
Second, tanker prices are, on average, not affected by the amount of water
that is purchased by consumers. That is, tankers do not change their prices based
on volume purchases. While most tankers indicated that they offer discounts to
their regular customers (see Chapter 4), the instrument variable analysis indicates
that this is not always borne out.
Third, the fact that tankers do not change prices according to the amount of
water customers purchase is evidence that the tanker market is competitive enough
to make it difficult for most companies to reduce their prices any further. This is
substantiated by the analysis in Chapter 4, which highlighted that tankers are not
making high profits. In other words, it is likely that tankers are basing their prices
on cost rather than on the characteristics of their customers. This would also
suggest that the tanker industry operates in a competitive manner.
Although statistically robust, these conclusions are merely suggestive and
illustrative of tanker behavior within a sub-segment of the population and are not
indicative of how tankers companies set prices throughout the city. This is
especially true for how tankers interact with the poorest members of society, a
relationship that is not explored in this study. Moreover, no survey data was
collected during the Bangalore summer (March-June) when demand, and therefore
prices, should be relatively high. Hence, these results are not generalizable to the
summertime, when other dynamics might be at play. Despite such constraints,
these results provide an initial understanding of the private tanker market and do
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well to question existing assumptions of tanker behavior and perceptions of these
vendors as an extortionary "mafia."
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Chapter 6: Conclusion
Summary
As I make the finishing touches to my thesis in May, 2015, at the height of the
Bangalore summer, I cannot help but reflect on the unique place that tankers have in
the city. Despite being disliked by many sections of the media and society, tankers
have emerged out of necessity and play a vital role in delivering basic services.
Indeed, their presence has allowed the city to grow and expand in a manner that
would not have been otherwise possible.
This study investigated whether or not tankers operate in ways that can be
termed "anti-competitive"; that is, do they exhibit monopoly power and is price
dispersion indicative of monopoly behavior? In Chapter 4, I looked at a number of
metrics to see if tankers show monopoly power. First, I explored whether tankers
charge prices that are significantly higher than the costs they incur (price-cost
margin) and found that this is not the case. Second, I explored tanker cost
structures to understand financial barriers to entry and whether they benefited
from economies of scale, both of which I found to be low. Third, I used fitted linear
equations to determine a Lerner Index of monopoly power, which indicated that
tankers fell between perfect competition and a monopoly. In short, the chapter
highlighted that tankers do not appear to earn monopoly profits and do appear to
operate in a competitive environment.
In Chapter 5, I explored whether price dispersion in water tankers price
prices is indicative of monopoly behavior. Specifically, I tested whether prices
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increased or decreased depending on consumer location and their existing access to
BWSSB or borewell water. Further, I explored whether price dispersion could be
explained by a number of demand and supply side factors including the amount of
tanker water consumed by customers, socioeconomic status and tanker
competition. None of these factors affected prices with any significance indicating
that tanker prices are largely determined by some other factor - most likely to be
the cost of delivering water.
When taken together, these results indicate that the private water tanker
market can be characterized as closer to a "perfect" market with many suppliers
producing one homogenous good than a fragmented market where certain tankers
have monopoly control over different geographic areas and exercise the power to
extort consumers on price. This revised view of tanker behavior opens doors to
alternative ways of engaging with tanker companies. Moreover, given the evidence,
it is unclear whether public sector intervention is justified on the grounds of anticompetitive behavior, despite repeated calls from media outlets for greater
regulation.

Groundwater extraction and the environment
Although public intervention on the grounds of addressing anti-competitive
tanker behavior seems unwarranted, this is not to say that all forms of public
intervention are unjustified or that the governments should let tankers continue to
operate as they currently do. This is especially true with regard to the issue of
groundwater and the environment.
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Groundwater levels in Bangalore are quickly depleting. While it is difficult to
determine exactly how much water has been extracted over the last few decades,
good indicators are borewell depths and groundwater levels. Reports suggest that
borewell depths have increased over time, and that groundwater levels have
gradually decreased, too (Hunse et al., 2011; Murthy, 2011; Raju, 2011). Figure 18
produced by the Department of Mines and Geology (DMG) indicates how the depth
to groundwater has increased across Bangalore over the last several decades.
Figure 18: Depth to Groundwater 1974-1975, 2008-2009 in meters
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Groundwater levels are determined by two factors: extraction and recharge.
A comparison between groundwater levels in 1974-75 and 2008-09 in Figure 18
indicates that high amounts of extraction by domestic and commercial users are to
blame for deteriorating groundwater levels along the city's urban periphery (Hunse
et al., 2011; Murthy, 2011). By contrast, the relatively low amounts of extraction
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and high levels of recharge - mostly from leaking BWSSB water pipes - accounts for
the higher groundwater levels around the center of the city (Hunse et al., 2011, p.
91).

Groundwater regulations
While the technical reasons for declining groundwater levels are well
perceived by policymakers and citizens, little has been done to improve the
situation. Much of this has to do with the institutional landscape of groundwater
management that consists of poorly constructed legal frameworks and poorly
implemented regulatory activities.
The building block of groundwater law in India is the 1882 Easement Act,
which stipulated water as an easement dependent on land ownership. The
regulation, which still remains valid to this day, means that domestic and
commercial users that own land also have the right to draw as much water as they
want from that land. Although Karnataka's first groundwater law, which came into
effect in 2011, introduced regulations to monitor the number of borewells and
ensure that they are not dug in areas where groundwater is overexploited, poor
implementation has meant that little has been achieved. 25 For example, since the
2011 Act only 66,000 of an estimated 5,000,000 private borewells have actually

25 The 2011 Act required existing borewell owners to register their wells, forcing borewell drilling
companies to register by activities and stipulating government approvals for anyone seeking a new
borewell (J. Gr6nwall, 2013, p. 19). Commercial borewells were also subject to additional tariffs and
caps on how much water they could withdraw (J. Gronwall, 2013; "The Bangalore Water Supply
(Amendment) Regulations, 2012," 2012).
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been registered, and there have been no caps on how much commercial borewells
are allowed to draw from underground aquifers (J. Gr6nwall, 2013, p. 20).
Most of these shortcomings have to do with a lack of clarity over which
authority is responsible for monitoring borewells. Interviews with both the BWSSB
and Department of Mines and Geology indicated that neither authority was entirely
sure where records were kept or who was in charge of day-to-day monitoring
activities.
Poor implementation has also affected initiatives to increase groundwater
levels through rainwater harvesting and groundwater recharge. 26 The two
initiatives, which are designed to reduce consumer dependency on groundwater
resources while also recharging aquifers, were first legislated in the 2009 Rainwater
Harvesting Act. This act stipulated specific rainwater harvesting requirements for
all residential, commercial, and industrial users with buildings greater than 1,200 sq
ft, and for those greater than 2,400 sq ft. In 2011, a revision to the act stated that a
ground water recharge structure could replace a rainwater harvesting structure
(Zaerpoor, 2012, p. 34).
Despite this legislation, only 38,000 households out of 54,000 had erected
rainwater-harvesting structures as of 2011. Additionally, the BWSSB has still not
created solid guidelines or strategies for monitoring to ensure that people are using
this technology properly (Zaerpoor, 2012, p. 34).
While the environmental consequences of tanker behavior on groundwater
levels have not been the focus of this thesis, it is clear that they contribute to
Rainwater harvesting is the capture of rainwater for non-potable uses while groundwater
recharge involves the channeling of rainwater into aquifers to increase groundwater levels.
26
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depleting groundwater levels. As mentioned, tankers extract large amounts of
groundwater - approximately 160 MLD (IIHS, 2014) - for commercial use. In doing
so, they deplete groundwater levels in areas where they operate, usually in the
urban periphery. Moreover, in interviews with tankers they did not indicate that
they stored or transported any rainwater, and it was unclear whether they installed
any facility to recharge the groundwater they extract. In light of these
environmental issues, business as usual is not an option and government
intervention of some sort is necessary to address environmental concerns.

Policy recommendations
In the following section I will outline a number of policy initiatives that the
city of Bangalore could implement with regard to private tankers. Broadly, these
policy recommendations focus on activities to reduce the impact tankers have on
groundwater levels. These include weaning some non-domestic consumers off
groundwater supplied by tankers by changing current water tariffs; encouraging
tankers to use surface water rather than groundwater; and exploring ways to
finance artificial groundwater recharge by levying additional taxes on tankers.

1)

Dis-incentivizing groundwater consumption among non-domestic

users: Surveys with 20 shopping centers/ malls around Bangalore indicated that
many commercial entities are choosing to purchase private tanker water over
BWSSB water, despite having access to municipal piped connections. This decision
boils down to two major factors: tankers supply water consistently (everyday)
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versus the BWSSB, which only provides it intermittently (every two days), and they
do so at a cheaper price.
At the moment, commercial entities - and malls in particular - are charged a

surcharge over and above commercial tariffs, which makes BWSSB water prices
higher than tanker prices. According to surveys, malls paid approximately Rs. 240
per kl on average for BWSSB water compared to only Rs. 76 per kl for tanker water.
If no sanitary charge were included, malls would only pay around Rs. 55 per kI
("Fieldwork: Non-Domestic Users," 2014).
There are many reasons for why the BWSSB might levy a large surcharge to
commercial users, but the most likely reason is to use higher commercial tariffs to
cross-subsidize domestic users. Nevertheless, these additional tariffs create a
perverse incentive amongst commercial users to purchase the majority of their
water supply from tankers. The BWSSB should revise these commercial tariffs as a
means of limiting how much non-domestic users purchase from tankers and
therefore, how much they contribute to already-depleting groundwater levels.

2)

Providing piped water to tankers: In theory, the easiest solution to

excessive groundwater extraction would be to supply tankers with piped water
from a surface water source. Since tankers were willing to do business in parts of
the city farther away from their base of operations if they were able to buy water
from households, it is possible that BWSSB kiosks strategically located around the
city could offer a similar service.
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The question, of course, is where the BWSSB could secure additional water to
sell to tankers given its limited capacity - but this could come from a number of
sources. First, the BWSSB operates with unaccounted for water (UFW) approaching
40%. A decrease of any amount via upgrades would vastly increase system capacity
that could then be directed towards private tankers. Second, the BWSSB is in charge
of monitoring and promoting rainwater harvesting among domestic users but has
not taken on any schemes to harvest rainwater at an industrial level. Traditional
forms of rainwater harvesting include lakes, ponds, and reservoirs but these are
currently operated, regulated, and managed by the Lakes Development Authority
(LDA) and the Pollution Control Board (PCB). It would be prudent for the BWSSB to
maintain rainwater-harvesting structures of its own to supply tankers. Finally, the
BWSSB could also supply tankers with the recycled water that they are already
producing, as the quality of the water is unlikely to be significantly different from
what the tankers are delivering at the moment.

3)

Taxing tankers for groundwater extraction in order to aid recharge:

Most groundwater recharge initiatives are targeted at households, rather than
commercial users or commercial water providers. Moreover, few tankers invest in
the necessary infrastructure or are aware of the benefits of such efforts.
At the same time, tankers extract water at a low price allowing them to earn
profits. As indicated in Chapter 4, it costs tankers approximately Rs. 14 per kl to
extract groundwater, which is Rs. 9 per kl cheaper than the cost of piping water into
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Bangalore. In this way, tankers earn profits that do not fully account for the
negative externalities of their operations.
The government ought to explore how it might be able to tax tankers on this
extra Rs. 9 per kl premium and redirect it towards state initiated groundwater
recharging programs. Such initiatives could include numerous schemes like better
storm water management or better lake conservation.
The process of implementing such a plan is difficult, but is not
unprecedented. The BWSSB has consistently engaged tankers to deliver water to
peri-urban areas in past summers (DHNS, 2012). And if the city authority could
engage tankers to alter their distribution patterns, there is a chance that they could
also convince these businessmen to pay some amount of their profits towards
groundwater recharge.

While none of these strategies are a panacea to the problem of groundwater
extraction, they might go some way in mitigating negative externalities that tankers
have on the environment in the medium term. Nevertheless, there ought to be some
caution before engaging with tankers. Notably, only working with some tankers and
not others might end up consolidating the industry into a number of larger
companies, disrupting what is currently a competitive market. But given the
criticalness of the groundwater issue, some version of these policies should be
attempted nonetheless.
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Areas for future research
Through this study I have attempted to fill a number of gaps in the literature
about water vendors. First, I have attempted to shed light on Bangalore's informal
water vending market, with the aim of highlighting how tankers operate and
whether they do so in an anti-competitive manner. Second, I have described water
tanker use by urban dwellers in middle and upper income brackets. Much of the
research with regards to informal water vendors in the past has centered on the
relationship between these vendors and the urban poor, but in this study I have
shed light on how these informal actors interact with members of a different
socioeconomic class. Finally, I have offered additional justification for public
intervention in informal water vending markets - negative environmental
externalities - and in doing so added to the original criteria set out by Whittington
et al (Whittington et al., 1988).
Nevertheless, as previously mentioned, there are a number of missing pieces
in my research that ought to be explored in the future. First, this project does not
explore the question of the environmental impact in great depth. In particular, it
does not pinpoint how the water that is being drawn by tankers is affecting the
groundwater table. Future work could explore how water tankers affect
groundwater levels citywide. Second, water quality is a major issue that is yet to be
explored. If the government is to work with this industry, a better understanding of
the quality of tanker water and the effectiveness of household purification is
required. Third, my analysis did not greatly explore patterns of non-domestic water
use, in particular water use by commercial establishments and industries. This
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could be another area of exploration, especially in terms of better understanding
where non-domestic users procure their water, how much they pay for it, and the
effect that has on groundwater levels. Fourth, future research could look into the
way in which tankers interact with the urban poor to see if there are major
differences in their pattern of operations compared to their interactions with other
customers. And finally, this study was an exploration into one aspect of "mafia"
behavior that is exhibited via tanker prices. However, there are many other facets of
mafia behavior that have not been explored including collusion, poor service
delivery, or control by political authorities. This ought to be researched before any
complete understanding of water tankers and their "mafia-like" behavior can be
fully articulated.
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Appendix A - Water Tanker Survey
Date
Tanker Company Name
Interviewee Name
Phone

Office address
Number of Borewells:
Borewell Locations:
Do you purchase waterfrom anybody?
If so, where?

Cost per load?
Area Served (distance in km):
Tanker Capacity (in liters):
Revenue
Price per tanker:
Different pricefordifferent customers (seasons, distance)?
Average trips per day per tanker:

Costs
1
2
3

4
5
6

Diesel/ Fuel per tanker per
month
Electricity per borewell per
month
Labor
No. of Drivers:
No of Helpers:
Maintenance per tanker per
year
Insurance per tanker per year
Licenses

Salary:
Salary:

BBMP

7

Commercial license peryear
BWSSB
Monthly charge
RTO
Road Tax
Fitness Certificate
KEB license
Commercial License per year

Do you know the number of the Private Water Tanker Association?
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Appendix B - Domestic Users Survey
English
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MIT- IIM Bangalore Water Tanker Study
To be fied out by Resident Association Of -ers
Apprommate complebon

time: 15 mfinutes

A student tron MIT's Department of Urban Studies and Planning. and IM Bangalore'S Real
Estate IntatIve we collaborang on a research study involving private water tankers- We are
keen to understand water consumption patterns in Bangalore. and to better understand the
dynamics of the water tanker industry.
We greatly appreciate your support and your answers. AN Informaion wil remain confidential
and w only be used by MIT and IlIM Bangalore for research purposes. As a gesture of our
appreciabon, three kicky ofcers who return completed forms wMi receive 4 complimentary tsckets
each to PVR cinemas. Lucky draw wnners will be announced after the completion of the survey
in six weeks time (February 20. 2015),
Results and conclusions from the study will be disseminated by MT. IA-8 and Citizen Mlaters
without revealtng any personal Information. We hope that our results wi help make Bangalore a
more tIveable ety
Thank you for your timet
* Requored
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l UM BM444Wz
II~~W

I

S. Current Date
Lxvnple Decrnbetr 15, 2012

6. Numbar of flats (units) in the apartment
bulding

7. Whnes do you purchase your water
t'icttad&1cptitons that a4tplv

Warn?

Cbck al that appty

BWSS8/Municspal/Cauvery water
Groundwater (Boreweo)
Private tanker water
Other.

8. Total aparbnent water usage per month (in
kilolltres)
LIWSSB wathr
watr
j3aSS

ivnwae

+

+h

Pta?>

9. Total Water bi per flat per month (in Rs.)

Private tanker water

This section has questions on private tanker usage. Please iD out this page ii you purchase

prvale tanker water regulary or In the cast of emergencles.

If you never purchase any private tanker water, please move to the next page
10. How often do you purchase tanker water?
Mark yr ue ova)

Daily
Weekly
Monthly
Only for emergencies
Other.
11. How many tankers do you purchase?
ul- 0 all
jl ycu pu(tCIA0 t44wk
smIey
yvr
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ftyac W hakue sway
SOT- INWm

12. Average tanker capaciy (in litre)

13. Average tanker price (in R..)

14. Tanker detals
kes'jyw lis tVie &an$mkv compaw nrnam and ohin rumtwr Of yUo4 th4, t vsft ta04
Tanker Company
No
. Ptxnr
supp1hrs 0i iar:-i Covpany 1:
s I o. lcrn !hter th e)V b1tzteC, ni VOU knun thy
VW wNt contact carkeA
phtocs "to
amud be
tuxretei lwo.Atvcl "Al your larker rvd

2

GroundwaterlBorowell use

This secion has questions about t. nurter of domestc borewel connections and the amount of
groundwater your buikng consumes.

If you have never attempted to drill a borewell or extract groundwater, please move to the next
page.
15. How many boreweffe do you have?

16. Now dPRcasss

are the borewels (feet)? What Is the horsepower of each motor (hp)?
st the depin of vach bacewfd and rnotor horspowm

(fj.

Bar ewet9

hp.

17. ApproxImate total monthly groundwater

usage (in kNoltre.)

Municipal (SWSSBI Cauvery) water

This secton has questons about the amount of municipat (SWSSSt Cauvery) water your
apartment purchases.
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It you do not receive BWSSB watw. please move to the next page.
18. Average monthly water usage (in kllolltres)

19. Average monthly SWSSS bil amount (in

R.)

20.

How many hours a day is water avaiable?
(In hours/day)

General Questions

Betow are some genera, open ended questions. We welcome your comments and thoughts.
21. Do tanker prices change during diferent seasons? What Is the variation in price (Ra.)?

22. How do you select tankers? Why do you choose one tanker company over another?
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23. Thoughts/ Comments
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Appendix C - Non Domestic Users Survey
Dear Sir/ Madam:

My name is Anirudh Rajashekar and I am a second year Master's student at the
Massachusetts Institute of Technology.
I am exploring water consumption patterns in Bangalore as part of my master's
thesis. I am particularly interested in where people get their water - and the role
of private water tankers in delivering that water.
The broader goal of my thesis is to understand how water tankers operate, but a
key part of that understanding comes from studying consumption patterns.
The short survey below asks some questions of how much water is consumed
per month, the source of that water and the cost of water.
All material will remain confidential. I will be happy to share all research as well
as my report after it is completed (approx. May 2015).
Please do not hesitate to contact me at avr(@mit.edu for any clarifications or
information.
Thank you very much for your help.

Sincerely,

Anirudh Rajashekar
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NON-DOMESTIC WATER USE SURVEY
Date
Name of
interviewee
Address
Phone
-

Mall Name:

*

Number of tenants:

*

Total Mall built-up area (sq ft):

*

Primary sources of potable water (check all that apply)
1.
2.
3.

BWSSB/ Municipal water (Cauvery)
Borewell
Private water tanker

MUNICIPAL (BWSSB/ CAUVERY) WATER
Availability of BWSSB water
*

*
e

e

Average water use per month (Kiloliters):
Average total BWSSB water bill per month (Rs.):
Total BWSSB water bill in November 2014 (Rs.):
How often is water available
o How many hours per day! week?
o

What time of day?

BOREWELL
Availability of Borewell water
No.

Depth
(feet)

Motor power
(in HP)

House of use
per day

Electricity
cost
(per month)

Approx.
monthly
usage
(KL per

month)
1.

2.
3.

4.
5.
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TANKER WATER
e

Do you purchase Tanker water?
o How often?

*

If tankers are only used in an emergency, how many days in a year is it purchased?

e

When tankers are purchased, how many are purchased in a day:

e

Average Tanker Capacity:

*

Average tanker price:
o
N

o.

Is there any variability in tanker price (Rs.)? If so, when do prices vary?
Tanker providers
(Name)

Tanker
Office
Location

Cost
per
tanker
(Rs.)

No. of
Tankers
Purchased
per day

Phone no.

2.
3.
e

How do you select tankers?

*

How often do you check quality?

*

Is there a shortage of tanker water?
Other major issues:

GENERAL QUESTIONS
Who are the biggest consumers of water in your mall:
Amt. per month
(KL)

Percentage

Tenants

Movie Hall! Cinema
Restaurants! Food Court
Restrooms + Common areas
Air-conditioning
Others
TOTAL

100

-

Cost of water for tenants (Rs. I KL):

*

Do you consume more tanker water than BWSSB water? If so, why?
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Appendix D - Models
**Means, Median, Minimum, Maximum
tabstat T-price-k2, stat(mean min max median)
min
mean
p5 O
I
max
-3---------------------------------------50
400 90.83333
T-pricejd12 1 120.8143

variable

***Mean price of Logged Price per kl (with and without BWSSB; with and without
Borewells)
I...

I

I

149-

III,

ii
3-,

3w

0-

0

I

I

***ANOVA F-Test
Number of obs =

=.52328

Root MSE

I

Source
-------

R-squared = 0.0637
Adj R-squared = 0.0331

96

-

Model
BWSSB
Borewell
BWSSB#Borewell
Residual

Partial SS

df

MS

F

Prob > F

+-------------------------------------------------------------------------

1
1

I
|
1

1.71303641
.939118944
.78136782
.013092125
25.1916394

3
1
1
1
92

.571012137
.939118944
.78136782
.013092125
.273822167

95

.283207113

2.09
3.43
2.85
0.05

0.1075
0.0672
0.0946
0.8274

-7-------------------------------------------------------------Total

1 .26.9046758
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***BWSSB water consumption with and
without Borewell
//people with Borewells consumer more
BWSSB water

r"'
I

II
***Tanker water consumption with and
without BWSSB connection
//people with BWSSB connections buy more
water

'U,

E*

in

I
I

r
I

***Tanker water consumption with and
without Borewell

I

0

i
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***Scatter plot of Logged tanker price against
Logged Tanker water purchased per month
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***Test for Heteroskedasticity
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lee

Residuals do not indicate heteroskedasticity
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***Test for Normality

a'V

Residuals are skewed right but this is
marginal and it might be attributed to small
sample size

***Test for leverage

No values create significant leverage
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***Scatter plot: Logged Tanker price (Rs. per
kl)
against logged tanker water consumption per
month (kl)
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***Scatter plot: Logged Tanker price (Rs. per
kl) against logged tanker water consumption
per month (kl)
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***Scatter plot (left): Logged Tanker price (Rs. per kl) against logged housing price
(Rs. per kl)
***Scatter plot (right): Logged Tanker price (Rs. per kl) against logged distance of
apartment from city center (meters)
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***Scatter plot: Logged Tanker price (Rs. per
kl) against logged average distance between
apartment and nearest five tankers (meters)
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***Scatter plot: Logged Tanker price (Rs. per
kl) against count (number of tankers in 4km
radius)
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***Scatter plot: Logged Tanker
consumption per month (kl) against
number of flats per apartment
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