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Employing a matched cohort research design, eight
wards with intermittent water supply are compared to
eight wards upgraded to continuous (24 x 7) supply ina
demonstration project in Hubli—-Dharwad, Karnataka,
with respect to tap water quality, child health,

water storage practices, and coping costs across
socio-economic strata. Water consumption and waste in
the intermittent zones, and the potential for scale-up of
continuous supply to the entire city, are estimated. It was
found that the 24 x 7 project improved water quality, did
not improve overall child health, but did reduce serious
waterborne illnesses in the lowest-income strata,
reduced the costs of waiting, increased monthly water
bills, and potentially reduced water security for some of
the poorest households.
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n March 2003, the World Bank came to the twin cities of

Hubli-Dharwad, Karnataka, to discuss the much-needed

reforms to its piped water network. The Hubli-Dharwad
Municipal Corporation (HpMc) had been struggling to provide
adequate water to its customers; 25% of the city’s households
accessed water through public standpipes, while many accessed
water through unauthorised connections. Non-payment of bills
was common, and water was being supplied intermittently at
intervals of between one and eight days, with a median fre-
quency of five days. Shortly after this visit, the Karnataka
Urban Water Sector Improvement Project (KUWASIP) was set
up as a private—public partnership (ppp) to supply and manage
water to three cities in Karnataka: Hubli-Dharwad, Belgaum,
and Gulbarga. The new water supply was to be continuous and
fully pressurised (“24x7 water”), and would be piloted in
demonstration zones within these chosen cities with a view to
scale it up over time. Continuous water supply (cws or 24x7)
is the international supply standard for urban water utilities;
it is favoured by the World Bank for all but the most water-
short urban areas (World Bank 2004), and it is also the
urban service norm approved by the Government of India
(Ahluwalia 2011).

Almost immediately, 24x7 water became controversial in
India. Critics argued that capital cost recovery coupled with
public standpipe closure would hurt the poor; that the current
water availability in Hubli-Dharwad might not be sufficient to
provide continuous supply to the rest of the city; and that the
necessary infrastructure upgrades were too expensive to be
justified by the stated benefits. In addition, 24x7 water pro-
jects were, and continue to be, launched as ppps, and water
privatisation faces strong opposition from citizens and activ-
ists. Proponents expected that water quality would improve
under 24x7 (mainly because pipes under continuous pressure
leak clean water out whereas pipes that periodically are empty
leak contaminated water in). They also argued that under in-
termittent water supply (tws), households discarded any re-
maining stored water when new deliveries came, because
“fresh” water was preferable to stored water, and that 24x7
regimes would prevent such waste. Furthermore, 24x7 would
reduce household costs associated with 1ws deliveries, such as
waiting for, and then collecting, storing and treating water
(collectively referred to as “coping costs”); utilities would also
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Figure 1: Layout of the Hubli-Dharwad Water Distribution System,
Location of Hubli and Dharwad in Karnataka State in the Inset
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Source: Reproduced with permission from Kumpel and Nelson (2013: 5178).

benefit from better managed water deliveries with less leak-
age and thus higher rates of cost recovery. On grounds of bet-
ter water quality, (resulting in) better health, less water waste,
reduced coping costs, and better cost recovery, the proponents
argued that the capital and other associated investments were
justified. Our research team attempted to evaluate these
claims, primarily from the vantage point of households.

Between 2010 and 2012, over a 15-month data collection
period, our team investigated the household-level impacts of
the tws-to-cws upgrade in Hubli-Dharwad. We employed a
matched cohort research design to compare communities
receiving 24x7 to those that did not, with respect to water
quality at the tap, child health outcomes, water handling and
storage practices, and coping costs across socio-economic strata.
In addition, we estimated water consumption and waste in the
intermittent zones, and the potential for sustainable scale-up
of 247 to the entire city. In addition to collecting water quality
samples, observing water use at the tap, and measuring stored
volumes of water in a systematic subsample of households, our
primary data collection method was a survey. We conducted the
survey in four waves with a panel of households.! The number
of households was 1,969 in 24x7 zones and 1,953 in IWS zones.
Our goal was a rigorous evaluation of the household-level im-
pacts attributable to a shift from intermittency to continuous
supply. Our primary focus was on the demand or consumer
side of 24xy rather than on the utility-level capital costs or
broader governance costs associated with these reforms.? In
other words, was the upgrade to 24x7 water supply living up to
its ex ante expectations for most households? In particular,
was it beneficial for low-income households?

We present here the key results of our research efforts.
Methodological details of this work and related findings have
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Figure 2: Eight Continuous Water Supply Wards in Hubli-Dharwad and
Eight Matched Intermittent Water Supply Wards under Study
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appeared in other discipline-specific journals; a list of these is
provided at the end of this paper.? This paper synthesises the
main methods and results of the entire effort, in one consoli-
dated piece, for an interdisciplinary audience of academics,
non-governmental organisations, and policymakers. The Hubli—
Dharwad pilot project has been lauded in the national press as
a success and as a model for other cities, for example:

World Bank-funded pilot projects in three cities of Karnataka—Belgaum,
twin cities of Hubli-Dharwad and Gulbarga have shown that a well-
operated water system can indeed deliver water 24X7 in our cities,
bringing an affordable, reliable service to urban households, including
to the poor. The project has delivered improved water in terms of both
quality and quantity to all urban consumers in the zones with a reduc-
tion in costs and health burden. (Guha 2014)

Given the visibility of this pilot project, and the ongoing
efforts towards scaling it up, our comprehensive quasi-
experimental study highlights both the promise and the pitfalls
of 24x7 water supply in mid-sized cities of India.

The 24x7 Upgrade in Hubli-Dharwad

Hubli and Dharwad have a combined population of over
9,00,000 (Registrar General of India 2011), with a growth rate
of just over 2% per year. Surface water is drawn from two
sources: the Renuka Sagar reservoir, fed by the Malaprabha
River and located 65 kilometres (km) north-east of Dharwad,
and the rain-fed Neerasagar lake, located 20 km south-west of
Hubli (Figure 1). The Amminbhavi and Kanavi Honnapur
treatment plants treat the water in multiple steps. The treated
and chlorinated water is delivered via transmission mains to
service reservoirs and then to consumers through the distribu-
tion network. Consumers receiving intermittent piped water
supplies commonly supplement their municipal water with
groundwater from private or municipal borewells and tanker
trucks, or, in a few neighbourhoods, through a community-
based piped groundwater system.

Hubli-Dharwad has 67 administrative units (or “wards”).
Four wards each in Hubli (starting in 2007) and Dharwad
(starting in 2008) were provided with 24x7 water supply
(Figure 2), through an upgrade managed by the kuwasip and
financed by the World Bank. The remaining 59 wards (about 90%
of the city)* continued to receive piped water intermittently.
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The kuwasip selected the 24x7 wards based on the criteria of
a socio-economically diverse population and the ability to
hydraulically isolate the ward’s network from the rest of the
system (Sangameswaran et al 2008). Our research team
walked around extensively in the 24x7 wards to create detailed
maps of the areas to be sampled for this study, and visually
verified that low-, middle- and high-income neighbourhoods
were represented in the 24x7 zones (also see Table 1).

Table 1: Comparison of Study Households in Intermittently Supplied and
Continuously Supplied Wards, Hubli-Dharwad

Characteristics CWS(N=1,969) IWS(N=1,953)
Persons per household, mean 6.5 6.5
Number of children <5 years per household, mean 1.4 14
Age of primary caregiver of children <5 years, mean 26.9 27.0
Number of rooms in household, mean 24 2.3
Households with concrete roof, % 44.0 45.2
Households with illiterate mother, % 8.5 10.1
Households with indoor handwashing facility, % 73.6 735
Households with private latrine, % 91.2 91.6
Households with piped sewers within block, % 78.3 744
Households with open sewers within block, % 71.6 75.1

CWS Stands for continuous water supply; IWS for intermittent water supply; N for sample size
Source: Ercimen et al (2015).

The xuwasip sought to change the terms of agreement
between the municipal corporation and residents by promising
“international standards,” and by encouraging water users to
think of themselves as water consumers. The project’s goals
were to make all connections within the 24 X7 zones metered
(and therefore legal), improve reliability, and foster the deve-
lopment of “customer responsive and commercially-oriented
utilities” (World Bank 2004). All the iron and pvc (polyvinyl
chloride) pipes within the 24 x7 zones were replaced with high-
density polyethylene to reduce leakage, and better meters were
installed than those that existed in the intermittent zones
(Franceys and Jalakam 2010). Three years into the reforms, our
surveys in the 24x7 demonstration wards showed that services
remained almost (but not completely) uninterrupted. Nearly all
households with formerly unauthorised connections were given
meters and were receiving monthly bills. At the same time, access
to free public water sources was greatly reduced: all 84 hand-
pumps, an unspecified number out of the 110 motorised borewells,
and all 115 public standpipes in the 24 x7 zones were closed. Unkal
Lake—the largest surface water body within Hubli’s city limits,
once freely available for non-potable uses and for domestic
buffaloes—was fenced off. Access to this “recreational area” now
requires a nominal fee.

Research Design and Methods

Study design and data analysis: We used a matched cohort
quasi-experimental research design for our study in Hubli-
Dharwad. To allow an unbiased comparison of our outcomes
of interest between the two supply regimes, we had to find
wards that closely matched the eight 24 %7 zones on key socio-
economic and demographic characteristics and water and
sanitation services. We used a genetic matching algorithm
(Sekhon 2009; Diamond and Sekhon 2013) and an older data set
from Hubli-Dharwad (cMDR 2006) to select eight tws wards
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as “controls” for the eight 24x7 “intervention” wards. We carried
out all statistical analyses on the water quality, health out-
comes, and cost-benefit analysis at the household- and system-
levels using R (R Core Team 2012) and Stata; maps were creat-
ed in R and ArcGIs (ESRI 2013).

Household sample and surveys: The household surveys
formed the basis of health as well as household economics
studies. We recruited 3,922 households in 16 wards (that is,
eight with 24x7 and eight with 1ws), each of which we surveyed
with four visits over the 15-month study period. As we were
interested in health outcomes from the upgrade to 24x7 water,
we recruited only households with at least one child under the
age of five years; this is a particularly vulnerable group for
gastrointestinal illnesses. Wherever possible, the household
member we enrolled was the primary caregiver for the child (ren).
We divided each ward into (approximately) socio-economically
homogeneous sampling sections, and recruited participants in
proportion to the population density of each section. We
trained our field team to start sampling from the street closest
to a prominent landmark in each segment, such as a temple or
major bus stop, and then systematically approach every house-
hold until the target number of households for that segment
had been reached. We took Gps (global positioning system) coor-
dinates for all houses to make sure that the participating house-
holds were spatially spread throughout the study wards; and to
make it easier for the field team to return to the same houses for
each survey wave.

Our team hypothesised that low-income neighbourhoods
would have higher coping costs from intermittent water, because
studies have reported lower-quality water services in low-
income areas compared to middle- and upper-income ones (for
example, Bjorkman 2014), and because low-income house-
holds often do not have overhead storage tanks that mimic
continuous supply even when the underlying supply is inter-
mittent. For these reasons, we also expected greater health
impacts on low-income households from the switch to 24x7.
Our sample was, therefore, sized to allow pre-specified subgroup
analyses by socio-economic status, which we carried out by
stratifying our sample into wealth quartiles. Reported incomes
have a downward bias in most household surveys, so we
created a wealth indicator index based on observed assets
and housing materials using principal component analysis
(following Vyas and Kumaranayake 2006; also see Erclimen
et al 2015), and we used this index to demarcate the quartiles.

Water quality monitoring and tap samples: A total of 624
samples in 24x7 wards and 602 samples from 1ws wards were

We would like to thank the members of the editorial advisory
group of the Review of Urban Affairs—Partha Mukhopadhyay,
Karen Coelho, Ashima Sood, Anant Maringanti, Vinay Gidwani,
and Amita Baviskar—for their help in developing the thematics
of the RUA, identifying potential contributors and arranging for

peer reviews of contributions.
— EPW
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Figure 3: Causal Chain between Upgrading from Intermittent to Continuous Water Supply and Reduction in Waterborne lliness
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Source: Reproduced with permission from Erctimen et al (2015:6).

collected from taps used by households. In general, our
research team sampled 8-12 taps during a visit to a ward. In
1ws wards, taps were selected from the area within the ward
where water was on at the time of sampling, while similarly
sized areas were selected for sampling on each visit to 24x7
wards. The team conducted three to four visits in each ward
per survey wave to collect at least 25 samples per ward. We
let the taps run for 1 minute before sampling and sprayed
them with a chlorine solution prior to sample collection;
thus any contamination in tested water quality would not be
conflated with contamination at the tap itself. In addition to
the tap sampling, we collected 14 samples from the finished
water well at the two water treatment plants, and 69 samples
from the reservoirs supplying the itws and 24x7 zones. All wa-
ter samples were collected in sterile bottles, transported on
ice to a local laboratory, and tested within eight hours for to-
tal coliforms, E. coli, and turbidity.> Free and total chlorine
residuals were measured in the field. In addition, at 11 sites
over five wards, we periodically measured pressure and
physico-chemical parameters at the main pipes and consumer
taps, using sensors that collected continuous data. We simul-
taneously collected grab samples to test for total coliforms
and E. coli.

Household water storage practices: Under 1ws, all house-
holds store water between deliveries. In-home storage is a sig-
nificant contributor to overall coping costs, increases the
chances of water contamination (Amrose et al 2015) and lim-
its the household’s water supply to the available storage vol-
ume. Under 24x7, significant volumes of water should no
longer need to be stored in-home. A subset of our study hous-
es (with sample size of 707), sampled systematically, partici-
pated in a separate container survey that included measure-
ment of the heights, diameters and shapes of all of their water
storage containers. In the full survey, we collected reported
data on the volume of underground and/or overhead tanks
from households that had these. The combined data of con-
tainer survey and reported tank volume allowed us to esti-
mate storage volumes and storage practices in households
with and without 24 x7 water.
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Child health: Our primary health outcome was the caregiver-
reported prevalence of diarrhoea® in children below five years,
in the seven days preceding each interview. We also collected
data on other potential outcomes of unsafe water, such as
prevalence of blood/mucus in the child’s stool (an indicator of
severe diarrhoea), and highly credible gastrointestinal illness
(HcG1)” In addition, we measured weight for age in children
aged below five years, collected caregiver-reported data on
death of a child aged below two years, and reported incidences
of typhoid fever, hepatitis, or cholera in any household member
since the 24x7 upgrade in 2007-08. Typhoid fever, hepatitis,
and cholera are typically diagnosed locally, based on symp-
toms only, in our study setting; we did not seek laboratory
confirmation for the reported cases. Finally, as negative
control outcomes, following Lipsitch et al (2010), we asked
caregivers about coughs/colds, and scrapes/bruises; these
symptoms should be unaffected by any change in water supply,
and any reported correlation of such symptoms with the
water supply regime would indicate reporting bias in the
survey. Figure 3 shows our hypothesised causal pathway
between an upgrade to 24x7 and a measurable reduction in
waterborne illnesses.

Cost of household water: We surveyed tws and cws house-
holds regarding all costs related to household water manage-
ment. Coping costs included time spent in waiting for, collect-
ing, storing and possibly treating water from any of the
sources used, municipal or otherwise (Pattanayak et al
2005). Ongoing expenditures included utility bills, bottled or
tanker-supplied water, and consumables used during treat-
ment. Investments included household-level infrastructure
(such as overhead tanks or private borewells) or durable
equipment (such as buckets and barrels). We collected price
information for all investments in a comprehensive, local
market survey. These data allowed us to compare all three
categories of cost in households with, and without, the
24x7 upgrade.’

Water consumption and waste: We measured household
water consumption and losses only in our intermittent supply
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Figure 4: Percentage of Samplesin Risk Levels Based on WHO Guidelines Comparing 24x7 and IWS
Throughout the Distribution System
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Figure 5: Median, Lower and Upper Quartiles of Indicator Bacteria Concentrations from all Supply
Cycles during Supply Period
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publicly available weather and national
income forecasts, we developed three dif-
ferent forecasting models to assess whether
(i) average water demand per connection
was commensurate with the design capaci-
ty of the 24x7 zone; and (ii) projected
water demand in 24x7 zones would ex-
ceed projected (that is, planned) system
capacity in the near-term.

Results

Household matching for health and
economics survey: As explained above,
we used a genetic matching algorithm to
find eight tws wards with similar charac-
teristics to the eight, pre-selected, 24x7
wards. A comparison on key characteris-
tics, such as socio-economic indicators,
educational attainment, and water and
sanitation conditions, measured in our
household survey, showed that the 24x7
wards and the selected tws wards resem-
bled each other closely (Table 1). This re-
sult gives a high degree of confidence that
any differences in our outcomes of inter-
est between the two supply regimes were
unlikely to have been driven by socio-
economic or demographic differences.

bacteria were detected.CL indicates chlorine; MPN is most probable number; N is sample size; DL is detection limit.

Source: Reproduced with permission from Kumpel and Nelson (2014: 2770).

zones, to see whether 1ws customers “waste” water or throw
stored water away when new deliveries commence. Based on a
household’s presence or absence of an overhead tank, owner-
ship of a private or shared tap, and the number of households
sharing the tap (if not a private tap), we classified every study
household in the tws zones into four access categories: restricted,
limited, partial, and plentiful.

We used three methods to measure household water use:
(i) metered data when available, (ii) inventories of storage
containers, described above, and (iii) estimates of water use
directly from the tap when the household or shared tap was
on. The direct use estimates relied on survey data on the time
it took to fill household containers, the time for which the
running tap was used for washing or bathing, the number of
days between water deliveries, the number of people in the
household, and the number of households sharing a tap. Using
the data from our surveys and over 1,000 tap observations, we
constructed a simple model to calculate median water use per
person per day in all four access categories.

Water supply capacity: Finally, going beyond the household-
level, we estimated whether or not 24x7 could realistically be
scaled-up to all of Hubli-Dharwad. Using bulk water demand
data from the 24x7 zones of Hubli after the upgrade, and
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Water quality: Water quality was similar
at the sources (that is, the water treat-
ment plants and storage reservoirs) supplying the continuous
and intermittent sections of the piped network. However, we
detected indicator bacteria more frequently and at higher
concentrations in samples from the tws taps compared to
24x7 taps (the difference was statistically significant). Under
continuous supply, less than 1% of tap samples were positive
for E. coli compared to almost 32% of intermittent supply tap
samples. Source water quality declined slightly during the
rainy season, but only tap water from intermittent supply had
measurably higher indicator bacteria during the rainy season
compared to the dry season. Total coliform and E. coli decreased
from service reservoirs to 24x7 taps, indicating the presence
of residual chlorine; both total coliform and E. coli increased
between reservoirs and the tws taps, indicating contamination
during transmission (Figure 4).

What are the mechanisms through which water quality got
affected in these two supply regimes? In intermittent zones,
when the supply was first turned on, water with high turbidity
and high concentrations of indicator bacteria were flushed out
of pipes through the tap. This “first flush” of water (that is, the
water that comes out of the tap when service commences after
a dry period), which lasted up to one hour, represents the
highest risk for exposure to contaminated water. However,
even after this first flush was expelled from the pipes, when
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the pressure was low (less than 10 psi, or pounds/square inch),
high levels of indicator bacteria were frequently detected even
when there was a chlorine residual; this suggests that contam-
ination had occurred through intrusion (that is, contamina-
tion leaking into pipes under low pressure). Almost no total
coliform and no E. coli were detected after the first flush peri-
od when water was delivered with a chlorine residual and at
pressures of more than 17 psi (Figure 5, p 43). In 24x7 zones,
intrusion would have been greatly reduced because the pipes
were always pressurised, and because the pipes were new and
would have had few cracks or fissures.

Household water storage practices: All tws households and
more than 90% of 24x7 households that we tested for water
quality, stored drinking water; households were sampled
almost three years after the upgrade to 24x7 supply. The 24x7
households collected and stored their drinking and cooking
water (from their own private taps) once every 1.5 days on an
average, with an in-home median stored volume of 50 litres
per household.® Our interviews with the households produced
a range of reasons for continued storage, including “it is a
backup, in case,” or “this is how we use water” (Burt and Ray
2014). We observed that, for most households, the tap was not
in the kitchen but just outside the home, or a few

Figure 6: Average Monthly Cash Costs Per Household, IWS and 24x7 Zones

Amortised Investmentand Ongoing Expenditures
(Z/Month)
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500 —
CWS WS
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Cost of household water: Amortised investment costs for
household water were lower in 24x7 compared to 1ws house-
holds; this is an expected result as the need for storage, while
it clearly was not eliminated, would have declined sharply
when households converted from 1ws to cws. We found that
for all wealth quartiles, 24x7 areas had lower water-related
investments compared to 1ws areas. The lower investment cost

Table 2: Caregiver-reported Seven-day Prevalence of Diarrhoeal lliness in Children Aged

feet from the home. Even this small inconven-
ience prompted families to retain their storage
vessels, as they were already used to this. Fur-
thermore, though the 24x7 zones were general-
ly smoothly managed, about half of our study
households with continuous supply had experi-
enced at least one interruption in water
service during the 15-month study period.

Child health: We found no significant differences
between the tws and 24x7 households either on
child diarrhoea (our pre-specified primary
health outcome of interest; Table 2) or weight-
for-age measures. It is possible that continued
in-home storage of drinking water, which is sus-
ceptible to recontamination, could have attenu-
ated health benefits from the significantly better
tap water quality under 24x7. However, we did
find a significant 37% reduction in severe (bloody)
diarrhoea in children from lower-income 24x7
households compared to lower-income tws house-
holds. There were no comparable reductions in
higher-income households. The 24x7 sample also
had 42% fewer households having at least one
reported case of typhoid fever (Table 3). Our results
indicated lower reported mortality of children
under the age of two years in 24x7 households, but
this was not statistically significant and is only a
suggestive association. There was no difference
in the negative control outcomes (such as coughs
or bruises) between 24x7 and 1ws, suggesting
that there was no bias in our data collection.
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below Five Years over Four Waves of Data Collection®

IWS Cws CWSvsIWS
N P% N P% Unadj. PR (95% CI)® Adj. PR (95% CI)¢

Main analysis

HCGI® 10,000 11.3 10,035 1.5 1.02 (0.93-1.11) 1.01(0.92-1.11)

Diarrhoea 10,019 84 10,054 79 0.94 (0.84-1.05) 0.93(0.83-1.04)

Blood/mucusinstool 10,016 1.9 10,052 1.5 0.81(0.65-1.02) 0.78(0.60—1.01)
Above-median wealthd

HCGI 5,034 101 5,026 104 1.03(0.90-1.18)  1.04(0.91-1.19)

Diarrhoea 5,043 7.0 5,037 6.9 0.98 (0.83-1.17)  0.98 (0.84-1.16)

Blood/mucusin stool 5,041 1.2 5036 1.4 1.11(0.77-1.58)  1.08(0.73-1.63)
Below-median wealthd

HCGI 4960 12.6 4,983 12.6 1.00(0.88—1.13)  0.99(0.86—1.13)

Diarrhoea 4,970 9.8 4,991 8.8 0.90(0.78-1.04) 0.89(0.76—1.04)

Blood/mucusin stool 4969 2.5 4990 1.6 0.64(0.47-0.86) 0.63(0.46-0.87)

P: Prevalence; N: Sample size; PR: Prevalence ratio; Cl: Confidence interval.
a: The diarrhoea outcomes were recorded at each survey wave to capture seasonal trends.
b: Unadjusted comparison of CWS versus IWS.

c: Adjusted comparison of CWS versus IWS, controlling for potential confounding from season, socio-economic
indicators, and hygiene and sanitation conditions. The unadjusted and adjusted estimates are similar, indicating

that our matched design removed confounding from measured covariates.

d: We defined above-median wealth as the top two wealth quartiles and below-median wealth as the bottom
two wealth quartiles based on the wealth index we generated using principal component analysis.

e:HCGI—nhighly credible gastrointestinal illness.
Source: Erclimen et al (2015: 12).

Table 3: Caregiver-reported Incidence of Waterborne Disease and Below Two Child Mortality,

Ascertained at the Third Wave of Data Collection®

WS 247 24X7 vs IWS
N nb I N nb I UnacijACIR(95%CI)d Adj.CIR(95%Cl)©
Typhoid 1,690 103 609 1,711 58 339 0.56(0.40-0.76)  0.58 (0.41-0.78)
Cholera 1,691 4 24 1711 6 35 148(0.37-6.92) —f
Hepatitis 1,690 46 272 1,711 59 345 1.27(0.87-1.87)  1.13(0.76-1.73)
<2Childdeath 1,695 20 11.8 1713 12 70 0.59(0.26-1.19)  0.51(0.22-1.07)

N: Sample size; I: Incidence; CIR: Cumulative incidence ratio; Cl: Confidence interval.
a:Theincidence of these outcomes was recorded during a single wave of data collection.
b: Number of households reporting at least one case since 2007—08.

c:Incidence per 1,000 households of at least one reported case since 2007—08.

d: Unadjusted comparison of CWS versus IWS.

e: Adjusted comparison of CWS versus IWS, controlling for potential confounding.

f:Not calculated due to sparse data.

Source: Erciimen et al (2015: 14).
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Figure 7: Average Monthly Time Cost of Waiting and Collecting Water Per
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Figure 8: Borewell and Standpipe Usage in 24x7 versus IWS Zones
1,000 —

800 —

600 —

Private borewell

400 — Piped borewell water

Number of households

Neighbour’s private borewell

Publichandpump
Public standpipe
Public tank
Other

200 —

CWS IWS
All study households

During the previous month (reported by survey respondents).
Source: Reproduced with permission from Burt et al (2018: 128).

was roughly offset by the increase in ongoing monetary expen-
ditures (Figure 6, p 44); higher utility bills accounted for most
of the estimated increases in monetary expenditures (Table
4). Overall, therefore, water costs did not increase under
24x7, though the monthly bills did (Burt et al 2018). It could
be argued, however, that in-home investments are entirely
private, whereas water tariffs contribute to the utility’s overall
revenues and can be used towards cost recovery or system-wide

Table 4: Average (Estimated) Monthly Water Bills (Z/month)
BMW AMW
Mean Median Mean Median
Usage Usage Usage Usage
Monthly bill
(IWS tariff-metered household) 107 90 154 131
Monthly bill
(24x7 tariff) 213 148 408 313
Billincrease
(Conversion from IWS to 24x7) 106 58 254 182

$1 =351, January—March 2012; BMW: Below Median Wealth; AMW: Above Median Wealth.
Data from 247 households that showed us their bills (sample size was 1,131). Expected
bills for the volumes consumed were calculated with both IWS and 247 tariffs; last row
shows difference between bills under the two tariff structures.
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improvements. In this sense, the cost regime under 24 x7 repre-
sents a shift of investment from the private to the public realm.*°

The time savings in the 24x7 zones were significant; this is
also an expected result. The cost of waiting and collecting
remained about the same across quartiles (Figure 7). This was
initially surprising to us, as our hypothesis was that low-income
households without automatically filling overhead tanks would
save more time in a 24xy regime. We found, however, that
lower quartile households often shared taps with others. They
had to fill their containers quickly and in turns (Kumpel et al
2017), and, in effect, collected less water over a shorter period
of time than they otherwise might have done. Also, high-
income households often collected their drinking water by
hand, while their overhead tanks passively collected non-
drinking water.

Finally, there was a dramatic drop-off in the use of (free)
standpipes and borewells in 24x7 zones (Figure 8). This was
due in part to the reduced need for such sources, but also due
to the utility closing off public water systems in an effort to
eliminate previously free alternatives to paid-for municipal
water. This policy represents a decrease in water security:
public borewells and standpipes are backup sources if pipes
fail, whether through utility disconnection or insufficient sup-
plies, or if the higher water tariffs under 24x7 become unaf-
fordable for some vulnerable households. Our data shows that
many 24x7 households with private borewells continued to
use them for domestic (non-drinking) uses, but those who re-
lied on public borewells for themselves or for domesticated
animals lost this source. Continued access to public sources
would, therefore, have been a pro-poor measure in the 24x7
zones (see also Connors 2005).

Water consumption and waste: We found little support for
the hypothesis that households with intermittent water supply
waste stored water by throwing it away when new supplies
start. We observed very little household water waste in Hubli—
Dharwad, despite mostly unmetered connections. Households
without overhead storage tanks consumed water during the
delivery period for water-intensive chores such as laundry or
bathing children. Lower-income households, in particular, were
supply- and storage-constrained such that there was not much
stored water left by the time the new deliveries commenced.
According to our estimates, hardly any households, even
those with plentiful supplies (that is, households with over-
head storage tanks and private taps), consumed the Govern-
ment of India’s urban service standard of 135 litres per person
per day (Figure 9, p 46). Households with limited or restrict-
ed access typically consumed much less than the commonly
cited “human right to water” standard of 5o litres per person
per day (Gleick 1998).

Based on our estimates of household water consumption and
the metered quantities of bulk supply, we estimated that unac-
counted for water in five tws wards was about 50% (range 41% to
59%). Much of this is likely due to physical losses via leakage.
These levels are especially high given that the pipes only con-
tained pressurised water during a fraction (approximately 5%)
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Figure 9: Water Consumption Grouped by Household Type
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Figure 10: Monthly Forecasts Using an Ordinary Least Squares (OLS)
Analysis of Bulk Demand per Connection
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Even under moderate economic growth, demand is projected to exceed the supply
capacity per connection within seven years of scale-up. The projections are based on the
lower levels of leakage expected under 24X7 water supply.

Source: Reproduced with permission from Jayaramu et al (2015: 210).

of the time. In contrast, “lost” water in the pilot 24x7 zones was
reported to be 7%, though these pipes were full of pressurised
water 24x7 (World Bank 2011: 12). This lower level of water
loss is expected given that all of the pipes were replaced in the
24x7 pilot zones." Controlling leaks via repairs or replacement is
a necessary, but expensive part of conversion from rws to cws.

Water supply capacity: We compared our forecasted models
of bulk water*> demand under 24x7 with planned future system
capacity up to 2021. We did this in order to test the sustaina-
bility of supply capacity, but also as part of our overall assessment
of equity impacts. We created three models: (i) a simple correla-
tion model (ordinary least squares or oLs), including tempera-
ture and economic growth as explanatory variables; (ii) a
univariate forecasting model; and (iii) a classified household
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method that assumed a constant usage per connection. We
assumed a constant ratio of people per connection based on
current data, then projected the future number of connec-
tions based on past population growth rates. The projections
for connections allowed us to forecast demand and supply ca-
pacity on a per-connection basis. If 24x7 is expanded to the
rest of Hubli-Dharwad, all three models indicate that planned
system capacity may be insufficient to meet demand for the
city soon after scale-up (Figure 10; this shows the oLs model,
which is often used for short-term forecasts). It was unclear
from the project documentation whether planned capacity
was being determined by demand analysis going forward, by
access to capital, or by water source constraints, but the HDMC
engineers believed that water source constraints were the
limiting factor for system capacity. If system capacity and/or
high capital costs prevent the scale-up of 24x7 to the entire
city, then partial 24x7 does not serve intra-city equity. The
point of the pilot, after all, was—if benefits outweighed
costs—to scale it up.

In Conclusion

Optimistic projections in the press quoting the kuwasip and
the World Bank engineers about doing more with less under
24x7, and their pessimistic counterparts predicting dire conse-
quences of “privatised” water for the urban poor, became
opposing stances soon after the 24x7 pilot projects in Karnataka.
Different segments of India’s political waterscape pointed to
different observations in Hubli-Dharwad of customer satis-
faction, customer protests, water insecurity for the poor, and
willingness to pay by the poor. In particular, concerns were
raised about the accountability of kUwAsip—a parastatal
rather than a municipal agency—and about the affordability of
water when it is managed by a ppp. However, 24x7 as a policy
is gaining ground, with the World Bank and the Government of
Karnataka having already signed a $100 million loan agree-
ment to scale-up 24x7 in Hubli-Dharwad, beyond the demon-
stration zones (World Bank 2016). Other cities are considering
or are already implementing partial, or full, upgrades to
24x7.13 We conducted this multi-year, multi-disciplinary study
to rigorously evaluate the key goals of the upgrade to continu-
ous water supply, and to inform both public opinion and public
policy about the promise and challenges of such upgrades.
Between 2010 and 2012, our research team investigated the
impacts of the switch to 24x7 piped water, primarily from the
household-level perspective. We did not investigate the rami-
fications of handing over water management to a PPP, Or
whether the total capital investment of the 24x7 reform was
justified by its total benefits; these are essential questions but
are beyond the scope of our research design. We found that
24X7 water
(i) significantly improved water quality at the tap, which is a
result of both continuously pressurised pipes and the replace-
ment of old pipes with new and non-leaking ones;
(ii) reduced storage times, but did not reduce the practice of
in-home water storage, and much-continued storage could lead
to re-contamination and attenuated health benefits from 24 x7;
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(iii) did not measurably improve overall child health out-
comes, but did improve child health with respect to serious
waterborne illness in the lowest-income strata, and did reduce
typhoid fever incidence;

(iv) significantly reduced coping costs across socio-economic
strata, mainly by reducing wait times;

(v) increased monthly water bills across the board, but re-
duced costs on storage equipment;

(vi) potentially increased water insecurity for the very poor by
shutting down public standpipes and borewells that provided
a free, backup water supply in times of stress; and

(vii) resulted in an increased average consumption per connec-
tion, in part because tws users tended to be quantity-constrained.

Very few 1ws households were “wasting” water, in contrast
to the arguments of 24x7 supporters. Many 1ws households
were, in fact, using less water than is recommended to meet
basic daily needs.** Our model forecasts showed that planned
system capacity going forward could be inadequate to scale
24x7 to the entire city; partial conversion to 24x7 would then
serve to deepen intra-city inequality.

Our work suggests that should a city not be able to imple-
ment or scale up 24x7, for reasons of cost or resource capacity
constraints or governance challenges, several interim steps to
improve urban water supplies could be considered. These
include better characterising the physical system (such as
more accurate maps and valve area boundaries); reducing
leaks and repairing or replacing old pipes; emphasising to all
households that first flush water should never be used for
cooking or drinking; disseminating accurate information on
water supply schedules so that waiting times are reduced;
and using statistical models to forecast demand to verify
whether planned supply capacity is sufficient. These invest-
ments and planning practices would be beneficial for house-
holds as well as for the utility, even if a transition to 24x7
water never occurs.

We conclude that, for the majority of households, it is not
surprising to find that continuously flowing and pressurised
piped water is a desirable service; there is good reason that

NOTES

1 By “panel of households” we mean that the
same households were repeatedly surveyed

four times; this was necessary to account for tion of this paper.

differences due to seasonality in water use ~ 4 There were two additional wards that were
part 24X7 and part tws. We did not include
these wards in our sampling frame for select-
ing tws wards for this study.

practices and in waterborne illnesses.
2 Official World Bank (and related) documents
do not give consistent figures for the total capi-

Kumpel and Nelson (2013, 2014); Kumpel et al
(2017); Nayak and Billava (2016); Burt et al
(2018). Full citations are in the references sec-

such systems are the benchmark by which urban utilities are
judged. In a small subset of our surveyed households, an addi-
tional survey module found that 97% of users were satisfied
with the quantity supplied under 24 x7 compared to 59% under
1ws, and 67% were satisfied with water quality under 24x7
compared to 51% under tws (Nayak and Billava 2016). But
how, at what cost, and at whose cost 24x7 is implemented, de-
termines whether it is sustainable and equitable. If low-income
households lose their fallback option of free public sources be-
cause cost-recovery demands the removal of all non-revenue
water, or if high capital costs and/or network capacity prevent
the equitable scale-up to an entire city once the demonstration
zones have proven to be successful, then continuous water
supply will be at risk of remaining an unequally distributed
and unsustainable reform.

Epilogue

This paper focused on the household-level results of an impact
evaluation of the pilot project on 24x7 water supply in Hubli—
Dharwad, the data for which was collected between 2010 and
2012. The cMDR members of our research team, based on an
additional survey of 30 households in the original (pilot) 24x7
wards and 60 households in two new 24x7 wards, found that,
as of writing this: (i) the original 24x7 zones continue to func-
tion smoothly with high levels of customer satisfaction with
respect to water availability and quality; (ii) newer layouts
and zones that have been converted to 24x7 are not being sup-
plied continuously, and some households actually have both
1ws and 24 X7 connections; (iii) summer season supply in many
1wWs zones, whose water delivery conditions had improved to a
three to four day schedule because of investments in supply
augmentation for the city as a whole, had reverted to a five to
eight day delivery frequency; and (iv) installations of pipelines
and new connections for scale-up have been carried out fully
in 19 wards but only partially in 20 wards (according to the
records of the Karnataka Water Supply Board). As of August
2018, the promise of 24x7 water in the demonstration zones
was yet to be replicated in the rest of Hubli-Dharwad.

illnesses; the reported sums were so small
across the board that we did not include them
in our comparison.
9 We are not including rooftop tank or under-

ground tank storage for this estimate.

10 We are grateful to an anonymous reviewer for
pointing out the significance of the changed
cost regime.
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tal cost of the project. For a calculation of the
potential system-wide cost-benefit analysis of
Hubli-Dharwad’s 24 X7 project, including mul-
tiple estimates of capital costs, see Burt et al
(2018).

The papers from this entire research effort had
different combinations of authors; when we use
the terms “our research team” or “we,” we mean
some combination of the co-authors of this pa-
per. In addition, B Manoj Kumar contributed
to the water supply capacity work, and Benjamin
Arnold contributed to the health outcomes work.
The papers from this research that we draw on
for this final article are: Burt and Ray (2014);
Erclimen et al (2015); Jayaramu et al (2015);
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Total coliforms and E. coli are common indica-
tor bacteria for testing drinking water quality
used as proxies for potential contamination by
pathogens. Total coliform bacteria are commonly
found in the environment, while E. coli are a
more specific indicator of likely fecal pollution
(Gruber et al 2014).

Diarrhoea is defined as three or more loose
stools in any 24-hour period.

HCGI is defined as the occurrence of at least
one episode of liquid diarrhoea, soft diarrhoea
with abdominal cramps, vomiting, or nausea
with abdominal cramps.

We also surveyed households on medical/
healthcare expenses on account of water-related
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11 Technical losses of 7% are low compared to
other well-run water systems. We surmise that
this estimate is especially low because the en-
tire piped system in 24 X7 zones was replaced,
and new pipes have little leakage.

12 Bulk water includes water consumption at the
tap plus actual leakage in the network.

13 Examples of cities debating or already imple-
menting 24x7 include Pune, Nagpur, Latur,
Mumbai, and Mysuru.

14 News articles in India have reported that water
demand decreased in the 24x7 wards. Our re-
search suggests that, if true, this is a result of
lower leakage from upgraded pipes rather than
lower use in households. Our own estimates
suggest that leakages were about 50% in 1ws
wards (Kumpel et al 2017).
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