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Abstract

The study examines the status of urban water delivery in India through a case
study of the state of West Bengal in India. The state has been selected as a unit
of study to bring out the regional variances that are not captured at a more
aggregate or country level study. The study focuses on various types of urban
local bodies in the state, the organizational and institutional structure for water
delivery and issues around them. The study also benchmarks various urban local
bodies for their water service delivery through data envelopment analysis. The
study finds that in the current state of fragmented institutions and shared
responsibilities between various water organizations, there needs to be a
focused policy guideline for integrated development of the water sector in the
state. The study also identifies certain categories of urban local bodies, for which

there are further scope for efficiency improvement.
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1. Introduction

India and China with one third of the world’s pogtibn have less than ten percent of the
world’s water resources. A fresh water crisis mayirb the offing for two thirds of the
global population within next quarter century (Baviand Clarke, 2003; IPCC, 2007). In
addition countries like India suffer from huge salatand temporal disparities in
distribution of water with its north-eastern regimteiving more than a hundred times
more rainfall than its western part and that toncemtrated mostly during the summer
monsoons (The Economist, 2010). Expanding urbamnulptpn without a proportional
increase in civic amenities is already putting pues on water resource management in
urban centres. By 2025, half of India’s populatwati live in urban areas and face issues
around water (Planning Commission, 2002). Thesagbmore into focus on the
institutional arrangements and delivery mechanisfnhis scarce and non-substitutable
resource.

Studies carried out on developing countries overlést three decades suggest that the
theoretical rationale for reforms is mostly grouwden arguments for efficiency,
effectiveness and fiscal sustainability (Araral,1@D Other studies stress that water
utilities need to build close relationships withstamers and implement customer service
indicators for tracking their performance (AguiBenitez, Saphores, 2010). The present
study examines the growth of urban water instingi@nd water supply provisions by
urban local bodies. The methodology includes aerevof the literature to construct the
institutional structure and the institutional chasgaking place in the sector. The study of
the institutional mechanism is supplemented by rchenarking study of urban local
bodies in the state of West Bengal to examine tideis of water delivery under different
urban local bodies and draw insights on delivergimaaisms.

2. Status of urban water supply in India

India has 13 cities over 2 million population, 38&pone million, and 298 over hundred
thousand population (figure 1). Supplying watethe urban centres is a major concern
due their expanding sizes. According to the natiaveter policy, drinking water has
been given the highest priority. There have bemitdd efforts at creation of new surface
water sources and ground water tables have beadilgteleclining. None of the urban
centres in India have 24 hours water supply, thabghe are efforts to make it a reality
through some of the government funded projectstullyson 20 cities in India showed
that around 80% of the urban population are covbyedater supply systems. The urban
centres had only 4.3 hours of water supply on araae per day with 30% of the water
being lost in transmission (ADB, 2007). A summafyte urban water supply system in
India is provided in Table 1.

Other issues revolve around poor water qualityd@gaate service delivery mechanisms
and poor financial conditions of the urban locadies who are burdened with the

operation and maintenance responsibilities of thatew supply system. Also a

considerable portion of the waste water goes utgdeahich could have resolved some
of the supply issues for non-drinking water.

L eee———
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Figure 1: Population of major Indian cities
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Note: Data sourced from Census of India (2001)

Table 1: Urban water supply in selected Indian cities (2007)

Cities Water Water Consumption Unaccounted Connections Average
Coverage Avadilability (litre)/ Capita/ day for Water Metered Tariff

% Hrs. lcd % %  Rs./m’

Kolkata 79.0 8.3 130.0 35.0 0.1 1.1
Mumbai 100.0 4.0 191.0 13.0 75.0 4.6
Chennai 89.3 5.0 87.0 17.0 3.5 10.9
Ahmedabad 74.5 2.0 171.0 3.0 1.4
Amritsar 75.7 11.0 86.0 57.0 4.0 9.3
Bangalore 92.9 4.5 74.0 45.0 95.5 20.6

|
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Bhopal 83.4 1.5 72.0 0.6
Chandigarh 100.0 12.0 147.0 39.0 79.0 5.0
Coimbatore 76.1 3.0 109.0 41.0 100.0 3.7
Indore 77.3 0.8 87.0 0.1 2.8
Jabalpur 75.2 4.0 139.0 14.0 1.5
Jamshedpur 74.4 6.0 203.0 13.0 0.9 4.5
Mathura 70.0 2.0 0.6
Nagpur 91.5 5.0 100.0 52.0 40.0 6.6
Nashik 92.6 3.5 93.0 60.0 80.0 4.3
Rajkot 98.1 0.3 101.0 23.0 0.4 5.1
Surat 77.4 2.5 1.9 1.7
Varanasi 77.7 7.0 147.0 30.0 3.2
Vijayawada 70.5 3.0 158.0 24.0 6.0 2.2
Visakhapatnam 49.2 1.0 124.0 14.0 13 8.6
Average 81.2 4.3 123.3 31.8 245 4.9
Max 100.0 12.0 203.0 60.0 100.0 20.6
Min 49.2 0.3 72.0 13.0 0.1 0.6

Source: Compiled from ADB Benchmarking Study, 2007

3. Water Institutions in India

Institutions are the rules of the game in a socetymore formally, are the humanely
devised constraints that shape human interactiontiiiN1981, 1994). Institutions may be
both formal (law and regulations) or informal (gealy accepted norms and codes) in
nature. Since these rules are often formalize@nmg of three inter-related aspects, i.e.,
legal framework, policy environment, and admini$b& arrangement, water institutions
can be conceptualized as an entity defined interdgt by its three main analytical
components, i.e., water law, water policy, and watkministration (Saleth, Dinar, 2000).
Various endogenous and exogenous factors influeghese three main institutional
components.

Institutional arrangements governing the wateraemte undergoing remarkable changes
Worldwide (Saleth, Dinar, 2000). The provision tdam water, sanitation and disposal of
storm-water to all the residents of large urbartersnn developing countries will be one
of the major challenges of the 21st century (Bisv2&96). Public sector monopolies in
developing countries are often associated withficiehcies and inability to meet rapidly
growing demand (Araral, 2008).

India has a federal structure and the Indian ctwigth empowers the states to govern
water resources. However, with the introductiorthef 74" constitutional amendment in
1992, devolution of authority towards the urbanalododies/ municipalities was
preferred. The Urban Local Bodies (ULBs) are simested with the constitutional right
for planning, designing, implementing, and operatemd maintenance of water and
sanitation projects (Nallathiga, 2008). The fedegaternment only plays an advisory
role along with the national and state water pesiavhich provide a broad guideline for

Cee——
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the sector. However, at the local government lettedye are significant variations in
institutional arrangements across the country. Arasentation of the institutional
structure is provided below in Figures 2 and 3.

Figure 2: Urban water Institutions in India

Law Policy Administration
+State Acts for +National Water Policy, Water Supply
Independent _ 2002 +Waste Management
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Figure 3: Levels of water organizations
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State =Water resources department - water source development y
~\
*Municipal commissions - municipality water supply & waste management
) ) *Water boards & organisations - water supply: mainly urban
Third Tier 5

The quality of supply and cost efficiency of deliy®f water services in urban areas has
high variability (table 1). We now take a case a¢sBengal (WB) state, which is closer
to national average on all dimensions except tantf metering (table 1), to ascertain the
impacts of metering all water connections, its digks with average tariff required to
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recover cost of water supply, impact of a cost plaser tariff system, its linkages with
24x7 water supply, and then draw conclusions fonagament of urban water systems at
all India level.

4. West Bengal's Urban Water Industry

West Bengal is the most densely populated statedid at 1000 persons per square km
(GoWB, 2010). Its average urban density is mucthédrigat around 7500 persons per
square km (figure 4). West Bengal has liberal wateilability as a natural resource that
supports intensive rain-fed agriculture. Howeves firessure on urban water resources
has been increasing over some years due to inoge@sipulation, low investment in
supply augmentation and dilapidating state of axgssystems.

Figure 4: Population density of urban local bodies in Westdge
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4.1 Development of the water sector

The State of West Bengal comprises of three distegions in terms of water resources -
North Bengal, Western Rarh and Eastern Bhagiratie. basins of north Bengal consists
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of 63 per cent of state water resources while td Rnd eastern plains carry 22 per cent
and 15 per cent respectively (Rudra). In terms ran water delivery, WB can be
divided into two separate areas — Kolkata MetrapolArea (KMA) and non- KMA area.
The KMA area consists of 41 urban local bodies (@nMipal Corporations including
Kolkata Municipal Corporation and 38 Municipalifjesut of 127 in WB, the rest being
under the non-KMA area.

The urban water supply in the KMA area has been résponsibility of Kolkata
Metropolitan Development Authority (KMDA) while thgupply in the non-KMA area
was handled by the public health and engineeripgudment (PHED) till recently before
the devolution of power to the local authoritieollfwing the 74 constitutional
amendment in 1992 and financing schemes like Jatehhdehru National Urban
Renewal Mission (JNNURM) from the central governtea slow devolution of
authority has been taking place to the local gawemts. According to the JNNURM
report for West Bengal, the responsibility for cgten and maintenance for water supply
and sanitation systems has been devolved to 86eoi27 urban local bodies (ULBS) in
the state. Also some of the ULBs such as Nabadightustrial Township Authority
(NDITA) which comprises of mainly industrial andmmercial consumers in the IT and
ITeS industry have entered into arrangements withafe players for setting up and
maintaining the water supply and waste evacuatstems.

KMA covers an area of 1851 sq. km. and caters piopaulation of 14.7 million out of a
total 22.5 million urban population across WB adwog to 2001 census (KMDA,
KMWSA, 2010). Water in the KMA area is sourced fromo sources — river Hoogly, the
only surface water source and rest is procured fyoonnd water. Treated water from the
river is supplied through pipelines to a limitecearof KMA, the majority of areas
depending on ground water from deep tube-wells ectea to a network of reservoirs
and pipelines (City Development Plan, Kolkata).

The capital of the state, the city of Kolkata hag of the oldest water supply systems in
India. Previously, the water supply system in tegion depended on wells, tanks and
nearby rivers. In 1773, the city of Kolkata waslde=d as the capital of British occupied
India. However, it was only in 1820 that a smalimming station and a system of open
masonry aqueducts was constructed (Dasgupta, Bhatia, Basu, Chatterjee, Banerjee,
1991). By 1870, most principal streets had acaegsped water through 500 standposts
(KMWSA).

The largest ULB in WB — the Kolkata Municipal Corption (KMC), has several major
deficiencies in respect of water service delivake lintermittent supply, inadequate
pressure, high leakage loss, high energy consumptnol dependence on groundwater
(Majumdar & Gupta, 2007). The capital which hasettdy supply system compared to
other municipalities also suffers from inadequab@at mains and old networks in an
advanced state of dilapidation (Sivaramakrishn&93). This also leads to an additional
problem of high transmission and distribution Iestethe tune of 30% (Rudra).

Cee———
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A snapshot of the water supply scenario in theesgapresented in the table and figure
below. There is an increasing deficit of water iegment in the state and it is worthwhile
to examine the efficiencies of various water delyvenechanisms in the state. Another
interesting point to note is only 56% of the popiolais being supplied surface water, the
rest depending on fast depleting groundwater ssuiso in terms of access, only 53%
of the population has access to water within tipegmises. Also in terms of water
quality, arsenic contamination is severe in SousliaAparticularly in Bangladesh and
eastern India (Sekar, Randhir, 2009) includingdtate of West Bengal. Thus depending

on groundwater sources has an additional impabieaith issues in the state.
Table2: Water Requirement and supply in West Bengal

Year Water Requirement (Million Deficit
hectare meter, Mham)

200c 10.8¢ 38%

2011 13.02 48%

202t 16.6( 59%

Source: Compiled from data of State Irrigation Departmg@adra)

Figure 5: Water supply in Urban West Bengal (4554045 Housi)ol
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4.2 Institutional structure of water delivery

“Urban water” in this study is taken to be potabater supplied by urban local bodies
through their networks for both drinking and nomg&ing purposes. Till sometime back,
the public health and engineering departments alontpy Kolkata metropolitan
development authority used to be responsible faemsupply in West Bengal. However,
with devolution of authority to local bodies, thepply responsibilities and water delivery
mechanisms are gradually taken up by these urbzat bmdies (ULBs). However there
are considerable variances across these localuitnstis. The urban water organizations
in West Bengal fall under 4 categories of local ggovance — municipal corporations,
municipalities, notified area authorities and indias townships. West Bengal Municipal
Act, 1993 lays down the criteria for setting up @man local body which includes
population, population density, percentage of ngmealtural workforce and income
from municipal taxation. Lists of broad groups oban local bodies are provided in the
table below:

Table 3: Grouping of urban local bodies

Groups of Urban Bodies Number Specified areas

Municipal Corporatior 6 Kolkata, Howrah, Asansol, Durgap!
Chandannagore, Siliguri

Notified Area Authorit' 3 Cooper's Can, Taherpu andMirik

Industrial Townshig 1 Nabadiganta (Salt Lak

Municipalities 117 All other:

Total Urban Local Bodies 127

Source: Department of Municipal Affairs, GovernmehiVest Bengal

The classification of urban local bodies into foujor categories as discussed in table 3
is based on population, per capita income, pergenteouseholds involved in non-
agricultural activities and other indicators. A pégiion based classification also exists
which groups urban bodies into five classes fromEas defined in Section 7 of the
West Bengal Municipal Act, 1993 (table 4).

Table 4: Category of urban local bodies used in West Bengal
Category Population
above 2,00,000
above 1,50,000 but not exceeding 2,00,000
above 75,000 but not exceeding 1,50,000
above 25,000 but not exceeding 75,000
not exceeding 25,000
Source: Department of Municipal Affairs, GovernmehiVest Bengal

mg|O|(w| >
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The institutional structure of water delivery megisan in the state is provided below.

Figure 6: Urban water Institutions in West Bengal

Law Policy Administration

sWest Bengal Municipal Act, +No state water policy s\Water Connections

1993 sAbsence of policy towards sWater Supply
*\West Bengal Municipal independent regulatory *\Waste Management

P IR LR authority . sOperation and Maintenance
*\West Bengal Municipal eIndividual municipal eLoss management

Corporation (Amendment) Act commissions and state decide o{ Water investment decisions

— . . s and tariff setting are not in the
sActs of Municiapal Corporations purview ofurban local bodies)

{Kolkata, Howrah, Siliguri,
Asansol, Durgapur,
Chandannagore)

*\West Bengal Ground \Water
Resources {Management,
Control and Regulation} Act,
2005

*\West Bengal Municipal Rules
2007

*Nabadiganta Industrial
Township Authority Rules 2006

*\West Bengal Municipal
tlections Act, 1994

The West Bengal Municipal Act 1993 is a key ledisia which lays down the rules for
constitution of urban local bodies and guidelines ddministration including supply of
water and extraction of groundwater. The West BeNganicipal Corporation Act 2006
lays down guidelines for municipal administratiar the municipal corporations in the
state except its capital, the city of Kolkata atel adjoining area Howrah. These two
regions are solely guided by their own municipapiskations. This act makes it
obligatory on part of the urban local bodies to stauct and maintain water supply
infrastructure in various localities. The legistatiwvas amended in 2007. Apart from this,
the six municipal corporations in the state hawartbwn legislation and guidelines. The
only industrial township at Salt Lake also hasatsn rules framed under the West
Bengal Municipal Act 1993. The West Bengal Groundt® Resources (Management,
Control and Regulation) Act, 2005 was introducectdatrol and regulate the usage of
groundwater. Apart from West Bengal, other stat&e [Tamil Nadu, Orissa and
Maharashtra also has introduced similar legislatihich set the stage for constitution
of a groundwater authority to regulate the extoactof groundwater. The Municipal
Rules (Section 171) provides a direction towardsriahte water sources and mandates
the use of rainwater harvesting systems.

The National Water Policy introduced at the feddeslel looks at planning, water
resources development, water allocation prioriaes private sector participation etc.
among others. Many other Indian states have intedutheir own water policies.
However West Bengal is yet to introduce a comprsivenstate water policy. Also many
states in India have introduced draft legislatibowards setting up of an independent
water regulatory authority. Only the state of Masdatra has so far set up an independent

Cee——
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regulatory authority in India. However, this is @lget to take shape in the state. A
comprehensive list of urban water institutions iedVBengal along with organizations
responsible for water delivery is provided below.

In the present scenario, most of the urban locdldsoare dependent on grants from the
centre and the state governments for building uigmdelivery infrastructure. The setting
of water tariff has been a much discussed areananéllly in the control of these local
bodies. Thus at present, independent investmentaaiftl setting decisions do not rest
with the local bodies and they are mostly focusseaperation and maintenance of the
water supply infrastructure. A snapshot of the bpigations responsible for water
delivery in West Bengal is provided in Figure .

Figure 7: Water organizations in West Bengal

State Government
State Ministries/ Departments )
™y "\_ ", e
. - Urban /.
Municipal Pancha.,fet & Development Public Health & Irrigation & e
Affairs Rural Engincering Waterways Investigation &
Development { KMWSA) Development
L _ 4N ;o - .
Functions
) Prpan Water supply & Water supply Minor
Sanitation { to T ° - Lo
be fully Rural sanitation to except KMA { Irrlg'quon & |rr|g_at|on
devolved o Sanilation Kolkat'@ now devolved dralpage projects/
local Metropolitan to local projects resource
) o Area (KMA) authorities) development
authorities)
b /. 4N

4.3 Financing urban water

A few studies have pointed out that many Indiaresitharge water tariffs that cover
only one tenth of the operational and maintenamstsc(Raghupathi, Foster 2002). This
renders the urban water systems un-remunerativarifcate sector participation and even
the government finds it difficult to invest in cajity expansion and enhancing supply
quality. Water supply in West Bengal is mostly pated for a large number of domestic
consumers. Only the high end domestic consumetastrial and commercial consumers
are covered in the tax net for water. Taking theeocaf Kolkata Municipal Corporation,
the expenditure on water supply is over Rs. 1,100om while only 20% of the cost is
recovered (KMC, 2002). Non tax sources include iometharge for water supply during
the issue of trade license or sanction of buildiagstruction plans. Thus the sector has to
depend heavily on grants from the centre and gaternments.

Ce——
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Various examples of such grants include the Javalhidehru National Urban Renewal
Mission (JNNURM) which has a provision of Rs. 5@O0million over 7 years and
covering 63 identified large cities in India. Alsbere are provisions for funds to be
released on the recommendation of the state finaoo@emission — the funds released
amounted to Rs. 496 million in 2007-08. Though wecy of costs in the water sector in
West Bengal through tariff mechanisms is not cdroat at present, some local bodies
have been exploring innovative mechanisms likegbe\public participation to bring in
private investment in the sector.

4.4 Evidences of Private Participation in the state

The National Water Policy 2002 encourages privaigpation and recommends various
combinations of private involvement in building, mwg, operating, leasing and transferring
of water resources facilities (National Water Pgli2002).

Private public partnerships in the water sectorndia can be broadly classified into 5
categories — services contract, management conigeration & maintenance contracts,
build-operate-transfer (BOT) contract and full ptir operation. Though there are evidences
of all these forms existing in India, there is omysingle private water sector utility i.e.
Jamshedpur Utilities & Services Company (JUSCOini®peration catering to the water
supply needs of the city of Jamshedpur. Recentsrém India indicate that BOT contracts
are increasing and increasingly the private sastt@king up capital investment risks.

In West Bengal, Haldia Development Authority (HDAJs entered into a BOT agreement
with Haldia Water Management Limited (HWML) — anbiventure company of JUSCO and
Ranhill Utilities Berhard, a Malaysian water utilit The project involves a 25 year
concession for setting up a 25 MGD water treatnptartit and O&M of the new and other
existing facilities amounting to a total investmehRs. 1000 million.

Another example of private participation involvesansortium of JUSCO and Voltas, who
has taken up a 30 year BOT project to set up anidtana water supply and sewerage
facilities in the salt lake area under Nabadigdntstrial Township Authority (NDITA), an
urban local body adjacent to the capital regiorKofkata. NDITA provides JUSCO with
treated water from Kolkata Municipal CorporationRd. 5/ KL and JUSCO is allowed to
recover Rs. 25/ KL as water supply and seweragegeba KMDA, 2010). Apart from this
the private player is also responsible for meterbilling and collection of the water supply
and sewerage system. The following section camigsa benchmarking study of the urban
local bodies in West Bengal focussing on water vaeyi efficiency under alternate
institutional structures.

5. Design of the benchmarking study

The productive efficiency literature traces backRarrell (1957) who first devised a
methodology for constructing non-parametric cosiciehcy indexes relative to a best
practice production frontier. Later other approacliee the stochastic frontier have been
devised by Aigner, Lovell and Schmidt (1977). Sesdhave identified three production
frontier methodologies, which are suitable for benarking efficiencies of firms (Pollitt,

1997; Jamsab and Pollitt, 2001). They are i) the-parametric approach or data
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envelopment analysis ii) parametric linear prograngmand iii) stochastic frontier
method.

The data envelopment analysis (DEA) and stoché&stitier analysis (SFA) have been
extensively used in studies involving the wateit@edlowever, the parametric approach
(that is stochastic frontier analysis) carries withthe risk of specification of the
functional form and assumptions about distributminthe error term, which can be
confused with inefficiency. Thus the DEA approashused which allows us to avoid
issues related to functional specification or agsion of the distribution of the error
term. Whereas DEA is easier to construct, its narametric property makes it difficult
to analyze the effect of individual input paramster

The present study uses the DEA approach to estiefat@gency levels of various ULBs
in terms of water delivery. The analysis estimdtescomparative efficiency of several
decision making units by integrating multiple perfi@nce indicators into a single
efficiency estimate.

Though a number of studies benchmarking water supetvices exist in developed

countries, there are very few studies focused meldping countries, particularly India.

Early studies in developed countries have examthedelationship between efficiency
and ownership of urban water utilities (Crain anardkoohi, 1978; Bruggink, 1982;

Byrnes et al., 1986; Lambert and Dichev, 1993; &staand Kouassi, 2002; Kirkpatrick et
al., 200§. A study covering 27 Indian cities and using BieA approach conclude that

functional autonomy may have the potential to improvater services in developing

countries like India (Gupta et. al., 2006). Anotkardybased on 20 cities and also using
DEA as a tool for analysis, concluded that lendtthe distribution network is one of the

major determinants of performance of water utsitigumar, 2010).

5.1 Estimation procedure

Assuming that the water utilities controlled by ‘dtal governments uses ‘K’ inputs

¥ =¥y, X5} to produce ‘M’ outputs” = 03, e ea33) . Thus the K x N input

matrix X, and the M x N output matrix Y represetite data for all the urban local bodies

or DMU (decision making unit) as commonly referredin the DEA literature. The

objective of the modeling exercise to is to congtaunon-parametric frontier envelope so

that all the data points lie below or on the frentiFor each of the DMUs, we would
UV

ideally like to construct a ratio of all outputsttee ratio of all inputs’*: with u as an

Mx1 matrix of output weights and v is a Kx1 matakinput weights. To find the values

for u and v, the following linear programming modek to be set up

{u "_1_':.
maxy, ., | |

L Q)

Subject to

.
U

=

v

C eee———
W.P. No. 2013-04-02 Page No. 15



IIMA e INDIA Research and Publications

uwv =0

The suffix i denotes thé"iDMU and i varies from 1 to N. However, this forrashan
infinite number of solutions i.e ifu1.v1} is a solution then(5u1. Bvi) is also a solution.
To restrict the solution to a finite range, an &ddal constraint?x; =1 can be
imposed by transforming variablasy to u.® which can be taken as shadow prices. The
resultant formulation of equation (1) is presertietbw.

max,s Wel'yy (2)
Subject to

l?'X'l =1

uyi— 9%, =0

we =0

The above equation can be converted to the ustral é input oriented constant returns
to scale (CRS) model using the duality in linearggamming.

ming,, 6 3)
Subject to
-vt+tYy =0

y =0

Where6 is a scalar and represents the efficiency of tHanU.

0 satisfies the condition that<0 6 < 1.0 = 1 denotes that the respective DMU lies on the
frontier and technically the maximum efficient. Fetample a technical efficiency 6r
value of 70% would essentially indicate that the DDMan reduce its inputs by 30%
without reducing its output as compared to itscefht peers.

yis a N x 1 vector of weights. This equation isvedl N times, and a value 6fis
assigned to each DMU in the sample. According telF§1957), though® has been
taken to be the technical efficiency, Koopman’s5I)Pefficiency definition also imposes
an additional criteria i.e. in addition to the DMi¢ing on the frontier, its slacks should
also be zero for it to be termed efficient. Thisesgially means that to be termed
efficient, according to Koopman’s definition for amput oriented model the following

two conditions need to be satisfied — 8= 1 and b) #%; —Xy =10 |

Some authors have thus suggested the use of adsstage programming model for
maximizing the sum of slacks. But this solutionnuenced by the unit of the variables
apart from other issues. Thus for this paper weehastopted Farell's definition of
efficiency and also have reported slacks so thaipiitan’s criteria can also be tested.
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The development of the above model assumes th#teaDMUs operate at an optimal
scale. However market imperfections and other faateay not render this condition true
always. In such a condition if one employs a cantstaturn to scale (CRS) model then
the technical efficiencies suffer from the effeatscale efficiency. To mitigate the effect
of scale efficiencies we use the variable retuonscele (VRS) model which has a convex
frontier (compared to the conical one of CRS) amdetops the data in a better way than
the CRS model. The variable returns to scale mgddtfined by including the following
additional constraint in the CRS model:

Z}’i =1

The VRS technical efficiency (TE) score is equaborater than that of CRS. Under the
VRS model, a score of less than 1 indicates thatneither technically efficient or scale
efficient. On the other hand, a score of 1 may lxkely due to technical efficiency and
not scale efficiency.

To quantify the effect of scale efficiency we rumth the CRS and the VRS
specifications and compute the scale efficiencyofacThe scale efficiency of thd' i
DMU can be computed as

SE = TE:'.I:RS
© TEyas

A scale efficiency of less than 1 indicates that BiMMU has scale inefficiency which can
be due to increasing or decreasing returns to .sdalefurther differentiate between
increasing and decreasing returns to scale, ammeasing returns to scale condition has
been imposed by modifying the additional constrianthe DEA model from

ZH =1 Zﬂ =1
to

If the technical efficiency score from this spegdfiion is different from the original VRS
technical efficiency score then one has to assinaethere are evidences for increasing
returns to scale. However if the two efficiency resoare equal then one has to assume
that decreasing returns to scale are present.

We have modeled the DEA specifications with 4 ddfé data sets with various

combinations of inputs and outputs as describeddriollowing section.

5.2 Data description

The data set for 126 urban local bodies were caddilom Urban West Bengal 2000-
2002, published by the Institute of local governtnand urban studies, West Bengal
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(ILGUS, 2002). Other data sources include Statud/afer Supply, Sanitation and Solid
Waste Management in Urban Areas published by Natidmstitute of Urban Affairs
(NIUA, 2005) and reports published by the cent@lytion control board (CPCB, 2009,
2002, 1999, 1998). However, after compiling theadat 126 urban local bodies, it was
found that only 55 of them were suitable for analythe others suffering from missing
or inadequate data. Thus the DEA model was cortsttuwith 55 urban local bodies.
However the results of our analysis are represestér all ULBs since the 55 ULBs
cover a wide spectrum for all the parameters.

The model specification is taken from previous Wenarking studies carried out in
Malaysia by Susila Munisamy (Munisamy, 2005). Thaldysian study has used three
inputs — operating expenditure, network length aallime of non-revenue water. The
outputs used were volume of water delivered, nunabezonnections and service area.
However, as most of the water supply in WB is netered, it is very difficult to get data
on unaccounted for water. Thus total water supplyaken as an output of the water
utilities which includes unaccounted for water. @tloutputs are taken as number of
connections and area serviced. The inputs are tpgrexpenses, network length and
number of employees. The data pertains to the ¢p@0®0-01, with the exception of the
water supply parameter, which is collected overernod of 1998-2002 as consolidated
data was not available. The input output paramdtarshe base case and subsequent
cases are discussed below.

Base Case: The inputs include revenue expensesater wupply (salary, wages, and
operation and maintenance expenses — this is takenproxy for a part of the cost of
supply and can also be interpreted to be linkemiriotional water tariff), capital expenses
(network length being adopted as a proxy) and nurmbemployees. The outputs include
production from the water supply system namely tbkime of water supply (in the
absence of metering and data about unaccounteudatter, this is taken to be a proxy for
consumption) and number of house connections (takea proxy for water coverage).
Service area is taken as a proxy for customer ddanisamy, 2005).

The input output parameters and summary statifsiicthe Base case are provided in the
following table.

Table 2: DEA model parameters and summary statistics a&®ssban local bodies

Parameters Unit Mean Standard Maximum  Minimum
Deviation
Input  Annual Rs. 5 5 29 0.1

expenses  onMillion
water supply

Network length km 179 416 3000 4
Number of No. 921 5130 38252 7
employees

Output Volume of MLD 55 220 1625 0.0001
water supplied
Number of No. 12511 32099 239000 80
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house
connections
Service area Sq. km. 26 36 188 3

Scenario 1: This is a variant of the Base case.nibeéel is applied on the same dataset
by interchanging two input output parameters. Toiwme of water supplied is taken as
an input parameter (instead of output parametéhenBase Case) with the assumption
that the volume of water supplied to each munidipalould be driven by other factors
such as minimum water requirement per capita, aoid by the performance of a
municipality. The annual expenses on water supptytaken as an output parameter
(instead of an input parameter in the Base Casard¢ount for the fact that minimum
notional tariffs should at least recover the cossupply. This is treated as notional
revenue for the urban local body from water supply.

Scenario 2: This scenario considers an institutigstaicture wherein input parameters

such as number of house connections, network lengtinber of employees and service

area cannot be easily changed upon by a partiduld3. These are thus taken as

institutional constraints that a ULB has to servi€hese thus become input parameters
for scenario 2 analysis. The outputs are takenetthbse parameters which have to be
varied to maintain a service level to these givgrut parameters. The output parameters
thus are taken as volume of water supplied andarexpenses (as a proxy for revenue
coverage).

A consolidated table of inputs and outputs forwhgous cases are provided below.

Table 3: DEA model input output parameters for various saesa

Base Case Scenario 1 Scenario 2

Input Annual expensesVolume of water Number of house
on water supply  supplied connections
Network length Network length Network length

No. of employees  No. of employees  No. of employees
Service area
Output Volume of water Annual expensesAnnual expenses

supplied on water supply  on water supply
Number of house Number of house Volume of water
connections connections supplied

Service area Service area

5.3 Results

The summary of the DEA analysis is presented in&and the detailed results of the
model constructed with 55 DMUs are provided in Eall The results indicate that all the
three municipal corporations are operating at theximum frontier efficiency which
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essentially means that these corporations areatlty best possible output in terms of
service and delivery given the set of input resesir¢iowever, many urban local bodies
belonging to A — D category may not be operatinthair maximum potential and there
could be room for improvement, driven mostly by noyements in utilizations of
networks and expenses. Surprisingly a categorytyEigion the frontier for the model
considering variable returns to scale showing fuemhe of the smaller local bodies can
also operate at the frontier. This benchmarkinglsitlearly demonstrates that for some
local bodies there is scope for improving outpuvises given the allocation of input
resources. Also this means that if the output egé¢hlocal bodies remains stagnant then
there can be a mechanism to re adjust the inpuures allocation. Thus this study
suggests that in terms of water delivery, catedotyg D cities may be focussed upon for
improvement. As the data was collected from varsmsrces and the quality of the data
could not also be verified through independenthe tesults may not reflect the true
status of these urban local bodies at present. Menith improvement in data quality,
this method of benchmarking can be carried outufban local bodies for ensuring that
they lie as close to the frontier as possible.

Figure 8: Summary of DEA efficiency scores across variousgaties of urban local bodies
100% -

80% -

3
1
11 10 16 55
14
60% -
40% -
20% -
0% T T T T T T
MC A B C D E

Grand
W /RS Efficiency Score CRS Efficiency Score Average

Note: MC denotes Municipal Corporation, A — E dendLB categories, the figures
above the charts denotes the number of ULBs coresider the study.

The results for the base case and scenarios arglgdobelow for VRS efficiency scores.
We have provided only the results for the VRS maaelthis takes into account the
effects of scale efficiency and envelops the databetter way than the CRS model.

Figure 9: Efficiency scores (VRS) for base casesmmharios
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As mentioned in earlier, scope for improvement tsxier categories A to D. This also
brings into focus the need for defining which paetens can directly be controlled by the
local body. Any changes in input and output paramsetshall affect the model
significantly and needs to be understood by theletgrs. Scenarios 1 and 2 which take
into account cost recovery imply that under a cesbvery regime, the ULBs operate
closer to the frontier. Particularly scenario 2 ethiassumes a number of fixed input
parameters and supply as an output implies thaures allocation (through the slow
changing institutional process) needs to be closggmined for further efficiency gains.
An improvement in VRS by over 50% is noticed fociles, viz. Katwa, Kamarhati,
Bally and Rishra in scenario 1 compared to the lsase, implying that monitoring cost
of water as output and quantity of water as inmutld enhance efficiency of municipal
operations. On the other hand, a decline over 50%¢énario 1 VRS as compared to the
base case is also noticed in 6 cities — Serampdabeshtala, Baharampore, Santipur,
Rajpur-Sonarpur and Chakdah. This implies thatlthBs are either not recovering the
cost of supply or are not able to supply the wadguirement. Their operations are thus
sub-optimal.

We also ran a variant of this scenario by changiregtwo parameters - namely the
annual expenses on water supply to reflect Rs 1¥519@0 litres as water charges as
against the present average of Rs 0.25 per 10@8;liand volume of water supplied to
reflect 135 litres per capita per day which is #werage water consumption norms for
urban areas. The technical efficiency values impdograstically for most of the ULBs.

We need to thus study each ULB’s water pricing @atkr supplied structure in detail to
ascertain the optimal water requirement and watemg to at least recover the cost of
supply, making the ULBs operate more efficiently.

Senario 2, as compared to the base case, showsviempent over 50% in 6 cities -
Kalyani, Kamarhati, Katwa, Bhadreswar, Bally andnkagar. A decline over 50% is
noticed in the Gayeshpur and Bardhaman. Howeveavheage efficiency of scenario 2
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is higher than both the base case and scenaribid.e§sentially implies that monitoring
average cost of delivery and volume delivered cddda better way to improve water
delivery efficiency of ULBs, specifically in a caxt where network lengthes, number of
employees and institutional structures can not ltexeal due to various socio-political
constraints.

6. Conclusions and future extensions

Based on our study of the institutional structund aenchmarking of the water industry
in West Bengal, we have arrived at the followinganaonclusions. First, the capital city

of Kolkata has the lowest percentage of connectimesered and one of the lowest
average water tariffs in India. As provided in &aftl we find that there is a close linkage
between average tariff and percentage connectiopterad. Also metering is a

precondition for imposing a tariff regime on waseipply delivery.

Second, the benchmarking study indicates that langeicipalities are operating at
maximum possible efficiency, given the constraintstheir inputs and outputs. There
may be scope for efficiency improvement in many lndJLBs. There is however a
need to improve data quality for reliable benchrmaykin future which could form a

basis for resource allocation.

Third, the scenario analysis indicates that chatenputs and outputs could have
implications for benchmarking and efficiency of Uldderations, especially when cost
recovery scenarios are introduced, the resouraecadlbn and outputs needs to be
carefully studied before arriving at a benchmark.

Fourth, an analysis of scenario 2 implies that mittee level of outputs, the inputs are
more efficiently allocated compared to both theebesse and scenario 1. This necessarily
implies that unless institutional structures of meipal water supply systems are
changed, which are traditionally slow changingsehis little scope of improving overall
efficiency. Thus the water delivery network and mections need to be improved with
reorganisation of human capital if required to aghibetter efficiencies. Alternatively,
the price of water supplied needs to be enhanckdrelTcan also be scope for future
studies to examine the reorganisation of the serarea of these urban local bodies and
understand if there could be any efficiency gaintsaj this exercise.

Fifth, the state of West Bengal and also otherestat India need to shape up a water
policy to provide an integrated direction to thevelepment of the water sector. With a
number of institutional overlaps and limited rofetlee urban local bodies in the planning
process of the water supply system, a policy cquiaide broad guidelines to these
fragmented institutions around water supply deliver

Finally, though the water supply is historically stlg un-metered in Indian urban local
bodies and a considerable portion of the wateroispmiced, there has to be a move
towards cost recovery in a water scarce scenathos the government can set into
motion a process for setting up an independentlatgy authority for monitoring
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quality and pricing of water, at least to thosetipos of the population who have
willingness and affordability to pay for quality vea
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