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Academic Abstract
This paper evaluates the benefits and costs of four household drinking water and sanitation
interventions. The interventions were selected on the basis of coverage rates and behavioral
dimensions in the state. Benefits and costs are presented as a ratio of annualized benefits
and annualized costs (benefit-cost ratios) over the expected useful life of each intervention.
Benefit-cost ratios (BCRs) are found to be the largest for improved rural sanitation (7.0-8.3)
and improved urban water supply (6.8-10.7), followed by improved urban sanitation (5.7-6.4)
household point-of-use (POU) treatment of drinking water (6.5-6.9) and improved rural water
supply (3.2-5.0).

A behavioral change campaign (BCC) promoting the use of existing

sanitation by all household members has the lowest BCR (1.7-1.9).
These BCRs reflect benefits estimated using a value of statistical life (VSL) for averted deaths,
a monetary value of time savings at 50-100% of wage rates, the cost-of-illness (COI) approach
for averted illness, and annual discount rates of 3-8%. BCRs with averted years of life lost to
mortality (YLL) and illness (YLD), valued at 3 times GDP per capita, are also presented in the
report. The latter BCRs are somewhat lower than the former, especially at higher discount
rates.
The quality of evidence associated with the estimated benefits and costs of these
interventions range from “medium” to “medium-strong”. The BCC campaign is, however,
supported by only “limited” quality of evidence.
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Policy Abstract
The Problem
Diarrheal disease caused nearly 1.7 million deaths globally in 2016. Nearly 0.8 million of
these deaths occurred in India of which 90% were due to unsafe drinking water, sanitation
and hygiene according to estimates by the Global Burden of Disease 2016 (GBD 2016).1
In Andhra Pradesh over 30 thousand deaths were caused by diarrheal disease and intestinal
infections (mainly typhoid and paratyphoid) in 2016, constituting 8.0% of all deaths in the
state according to GBD 2016, thus remaining a major cause of concern in relation to drinking
water and sanitation.
About 73% of households in Andhra Pradesh had access to an improved drinking water
source in 2015-16 according to the National Family Health Survey 4 (NFHS 4).2 Improved
drinking water sources are generally considered having a lesser risk of pathogen
contamination than unimproved sources (e.g., shallow dug wells, unprotected springs, open
surface water). Water from improved sources are, however, not necessarily safe to drink
(Pruss-Ustun et al, 2014). Nevertheless, only 19% of households practiced point-of-use (POU)
treatment of their drinking water in 2005-06, mainly by filtering (11%) and boiling (8%) (NFHS
3).3 Moreover, 14% of the population had more than 30 minutes round-trip to their drinking
water source in 2005-06 (NFHS 3), particularly affecting women and children who often
perform the task of fetching drinking water.4 It should be noted that these figures from the
NFHS 3 pertains to Andhra Pradesh before the separation of Telengana.
About 61% of households in Andhra Pradesh had a sanitary toilet facility in 2015 according to
the Swachhta Status Report 2016 (MSPI/GOI, 2017). Moreover, 54% of households had
access to an improved non-shared sanitation facility in 2015-16 according to the National
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http://www.healthdata.org/
The Joint Monitoring Programme for Water Supply and Sanitation (JMP) of WHO/UNICEF classifies household
drinking water sources and sanitation facilities into improved and unimproved sources/facilities.
3
The figures for 2015-16 from the NFHS 4 were not yet publicly available at the time of this paper.
4
The figures for 2015-16 from the NFHS 4 were not yet publicly available at the time of this paper.
2
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Family Health Survey IV.5 Thus about 7% of households shared a sanitation facility with other
households in 2015.
The Swachhta Status Report 2016 also reveals that 2.2% of persons with a sanitary toilet
facility continued to practice open defecation (OD). Additionally, 39% of households had no
sanitation facility and practiced OD in 2015 (MSPI/GOV, 2017). A substantial drive by the
government for household sanitation and eradication of OD has, however, reduced this
figure quite substantially since 2015.
Based on the household drinking water and sanitation situation in the state, four
interventions are evaluated in this paper in terms of their benefits and costs:
1) Improved drinking water source within 30 minutes round-trip from household
dwelling.
2) Household POU treatment of drinking water with a filtering device.
3) Non-shared, improved sanitation facility.
4) Household members full use of existing sanitation facilities.
Benefits and costs are presented as a ratio of annualized benefits and annualized costs
(benefit-cost ratios (BCRs)) over the expected useful life of each intervention.
It should be noted that a comparison of benefits and costs of these four interventions does
not imply that the interventions are mutually exclusive. Indeed they can all contribute
towards reducing the disease burden from inadequate drinking water and sanitation.
However, a ranking of the interventions in terms of high to low benefit-cost ratios (BCRs)
provide valuable information as to setting priorities when facing limited resources.

Intervention 1: Improved drinking water source
Overview
The most common type of improved drinking water source is piped water to dwelling in
urban areas and public tap/standpipe or tubewell/borehole in rural areas (NSS 71, 2014).
Thus the intervention is:

5

The Joint Monitoring Programme (JMP) of WHO/UNICEF classifies household sanitation into improved and
unimproved facilities.
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i)

Piped water to dwelling for urban households without an improved drinking water
source.

ii)

Tubewell/borehole for rural households without an improved drinking water
source or that have more than 30 minutes round-trip to their drinking water
source.

Implementation Considerations
An implementation consideration in rural areas is the location of an improved drinking water
source relative to household dwelling. A household may continue to use an unimproved
source if this source is closer to the dwelling than the improved source. Providing an
improved drinking water source within 30 minutes round-trip may also have cost implications
if households are sparsely distributed.

Costs and Benefits
Costs
Annualized cost of improved drinking water supply is estimated in the range of Rs. 1,233 –
1,753 per household.

This includes initial capital cost of piped water supply or

tubewell/borehole and annual operations and maintenance cost (O&M). About 4.7 million
households are expected to benefit from this intervention with total annualized cost of Rs.
5.8-8.2 billion.
Benefits
The benefits of the intervention quantified are the value of health improvements and
productivity benefits. The largest benefits are avoided mortality and productivity benefits in
terms of time savings from water source closer to dwelling. Total annual benefits are Rs. 2140 billion, depending on valuation method applied. The value of averted deaths accounts for
44-64% of total benefits. Health care cost savings account for about 3-5% of total benefits.
Productivity benefits in terms of averted lost work days (including caregiving by adults for ill
children) account for about 10-15% of total benefits. And productivity benefits in terms of
time savings account for 23-36% of total benefits.
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Intervention 2: Household point-of-use treatment of drinking water
Overview
Only 19% of households in Andhra Pradesh (and Telangana) practiced appropriate methods
of point-of-use (POU) treatment of drinking water a decade ago, compared to over 20%
nationwide in India according to the NFHS 3 (2005-06). POU treatment by appropriate
methods is likely to have increased somewhat, postulated at 23% currently. Given that water
filter was the most common method in Andhra Pradesh, the intervention assessed in this
paper is a behavioral change campaign (BCC) that promotes household POU treatment of
drinking water with water filter.

Implementation Considerations
A challenge with a BCC program is decisions as to its intensity, which affects both cost and
the rate of behavioral change. Thus emphasis ought to be placed on identifying and testing a
design that gives a desired behavioral response at an acceptable cost.

Costs and Benefits
Costs
The main costs of POU treatment of drinking water is the water filter (Rs. 2,000), parts
replacement (Rs. 500 per year), and cost of time spent on filtering water (Rs. 434 per year).
For scenarios that make 1.4-2.8 million households start POU treatment by filtering of
drinking water, the total annualized cost is Rs. 2-4.1 billion. Additionally, a BCC program is
estimated to cost in the range of Rs. 0.1-1.7 billion annualized, depending on intensity or
level of effort, prompting 1.4-2.8 million households to start POU treatment.
Benefits
The total value of the health and productivity benefits of the intervention is estimated at Rs.
7 – 31 billion, depending on valuation method applied and household response to the
promotion program.

Health care cost savings account for 6-13% of total benefits.

Productivity benefits in terms of averted lost work days (including caregiving by adults for ill
children) account for 10-23% of total benefits. The value of averted deaths accounts for the
remaining benefits.
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Intervention 3: Improved sanitation
Overview
The government has been/is undertaking a substantial drive for household sanitation and
eradication of open defecation (OD) with an incentive up to Rs 12,000 to eligible households.
Most households opt for a flush/pour-flush system with a single- or twin-pit. This is therefore
the intervention assessed in this paper. A target of 95% household coverage with improved,
non-shared sanitation is applied. The government may, however, aim for 100% coverage.
The difference has no/negligible effect on the benefit-cost ratios (BCRs), unless the cost of
reaching the last 5% of households escalates.

Implementation Considerations
A consideration is the 2.2% of people that continue to practice OD even after construction of
a sanitation facility, according to the Swachhta Status Report 2016 (MSPI/GOI, 2017). A
sanitation drive may therefore be accompanied by a sanitation use campaign.

Costs and Benefits
Costs
Costs of household sanitation include initial capital cost, periodic emptying of pit or septic
tank, annual operations and maintenance (O&M) cost, cost or time for cleaning of sanitation
facility, and cost of sanitation promotion programs by the government. An initial capital cost
of Rs. 20,000 is applied. This is for the toilet, installation, and construction of superstructure
(base, building). Emptying the pit every five years costs around Rs. 1,500. Annual O&M is
assumed to be 5% of initial capital cost. Cleaning of sanitation facility is assumed to be 10
minutes per day. Sanitation program cost of Rs. 600 per household (5% of sanitation budget)
that currently do not have improved, non-shared sanitation is assumed to cover promotion of
household sanitation, proper designs, and promotion of household members’ full use of the
facility.
Annualized average rural and urban cost per household is estimated at roughly Rs. 5,600 –
8,200 and total annualized cost of intervention is estimated at Rs. 31-34 billion based on total
intervention beneficiaries of 5.4 million households.
Benefits
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The total value of the health and productivity benefits of the intervention is estimated at Rs.
143 – 251 billion, depending on valuation method applied. Health care cost savings account
for 2-4% of total benefits. Productivity benefits in terms of time savings account for 40-61%
of total benefits.

Productivity benefits in terms of averted lost work days (including

caregiving by adults for ill children) account for 6-9% of total benefits. The value of averted
deaths accounts for 27-52%.

Intervention 4: Promotion of the use of sanitation facilities
Overview
The Swachhta Status Report 2016 found that 2.2% of household members continue to
practice OD after construction of sanitation facility.

Faced with a situation of OD among

households with sanitation facility, the intervention is a behavioral change campaign (BCC)
that promotes the consistent use of existing sanitation facilities.

Implementation Considerations
A challenge with a BCC program is decisions as to its intensity, which affects both cost and
the rate of behavioral change. Thus emphasis ought to be placed on identifying and testing a
design that gives a desired behavioral response at an acceptable cost.

Costs and Benefits
Costs
Annualized BCC program cost per household ranges from Rs. 11-12 for the “low” intensity
program to Rs. 176-190 for the “high” intensity program. The program is directed at all
households that currently have a sanitary toilet facility as reported by the Swachhta Status
Report 2016 (MSPI/GOI, 2017). Thus total annualized program cost is in the range of Rs. 961,655 million.
As previously stated, some household members do not use their sanitation facility and
continue to practice OD. The NSS 69 (2012) finds several reasons for this: i) no toilet
superstructure; ii) lack of cleanliness/insufficient water; iii) malfunctioning of the latrine; iv)
personal preferences; and v) other reasons. The two most important reasons in Andhra
Pradesh were personal preferences (17%) and lack of cleanliness/insufficient water (62%).
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Personal preferences for OD imply that these household members perceive some benefits of
continuing OD, or cost of giving up their old practice of OD. The magnitude of this cost is
unknown. It is therefore in this paper assumed to be (at least) as large as the value of time
spent on OD. Moreover, that lack of cleanliness/insufficient water was reported as the
second main reason for not using the toilet facility prompts the inclusion of cost of cleaning
of toilet facility (or value of time spent on cleaning).
Total cost of intervention is therefore estimated at roughly Rs. 260 – 1,960 million,
depending on intensity or level of effort of the promotion program and household member
response rates. The cost includes program cost, cost associated with personal preferences,
and cost or time used on cleaning toilet facilities.
Benefits
The total value of the health and productivity benefits of the intervention is estimated at Rs.
0.6 – 1.7 billion. Health care cost savings account for less than 2% of total benefits.
Productivity benefits in terms of time savings account for 64-77% of total benefits.
Productivity benefits in terms of averted lost work days (including caregiving by adults for ill
children) account for about 4-5% of total benefits. The value of averted deaths accounts for
16-31% of total benefits.

BCR Table
The benefit-cost ratios (BCRs) are found to be the largest for improved urban drinking water
supply and improved rural sanitation, followed by improved urban sanitation, household
point-of-use (POU) treatment of drinking water and improved rural water supply.

A

behavioral change campaign (BCC) promoting the use of existing sanitation by all household
members has the lowest BCR.
The quality of evidence associated with three of these interventions range from “medium” to
“medium-strong”. The BCC intervention is supported by only “limited” quality of evidence.
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Table 1a. Summary of the benefits and costs and interventions (Rs million annualized), VSL approach for
mortality benefits and Cost of Illness approach for valuing morbidity benefits
Interventions

Benefit

Cost

BCR

Quality of
Evidence

1a

Improved drinking water supply - urban

20,294

2,280

8.9

Medium

1b

Improved drinking water supply - rural

18,167

4,403

4.1

Medium

2

23,136

3,422

6.8

Medium-Strong

3a

BCC promotion of household POU
treatment of drinking water*
Improved sanitation - urban

33,527

5,441

6.2

Medium-Strong

3b

Improved sanitation - rural

207,151

26,683

7.8

Medium-Strong

4

BCC promotion of use of existing sanitation
1,192
673
1.8 Limited
facilities*
Notes: All figures assume a 5% discount rate, and use VSL for valuation of mortality benefits and cost-of-illness
(COI) for valuation of morbidity benefits. * “Mid” scenario. Source: Author.

Table 1b. Summary of the benefits and costs and interventions (Rs million annualized), YLL approach to
valuing mortality benefits; YLD approach to measuring morbidity benefits
Interventions

Benefit

Cost

BCR

Quality of
Evidence

1a

Improved drinking water supply - urban

10,790

2,280

4.7

Medium

1b

Improved drinking water supply - rural

11,350

4,403

2.6

Medium

2

10,356

3,422

3.0

Medium-Strong

3a

BCC promotion of household POU
treatment of drinking water*
Improved sanitation - urban

21,996

5,441

4.0

Medium-Strong

3b

Improved sanitation - rural

142,011

26,683

5.3

Medium-Strong

4

BCC promotion of use of existing sanitation
959
673
1.4 Limited
facilities*
Notes: All figures assume a 5% discount rate, and use an approach that values discounted Years of Life Lost
(YLLs) at 3x SGDP per capita for valuation of mortality benefits and values Years Lost to Disability (YLDs) also at
3x GDP per SGDP of morbidity benefits. * “Mid” scenario. Source: Author.
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1. Introduction
1.1 Context and interventions
Diarrheal disease caused nearly 1.7 million deaths globally in 2016. Nearly 0.8 million of
these deaths occurred in India of which 90% were due to unsafe drinking water, sanitation
and hygiene according to estimates by the Global Burden of Disease 2016 (GBD 2016).
In Andhra Pradesh over 30 thousand deaths were caused by diarrheal disease and intestinal
infections (mainly typhoid and paratyphoid) in 2016, constituting 8.0% of all deaths in the
state according to GBD 2016, thus remaining a major cause of concern in relation to drinking
water and sanitation.
Based on the household drinking water and sanitation situation in the state, four
interventions are evaluated in this paper in terms of their benefits and costs:
1) Improved drinking water source within 30 minutes round-trip from household
dwelling.
2) Household POU treatment of drinking water with a filtering device.
3) Non-shared, improved sanitation facility.
4) Household members full use of existing sanitation facilities.
Benefits and costs are presented as a ratio of annualized benefits and annualized costs
(benefit-cost ratios (BCRs)) over the expected useful life of each intervention. BCRs are
presented using discount rates of 3%, 5% and 8%.
It should be noted that a comparison of benefits and costs of these four interventions does
not imply that the interventions are mutually exclusive. Indeed they can all contribute
towards reducing the disease burden from inadequate drinking water and sanitation.
However, a ranking of the interventions in terms of high to low benefit-cost ratios (BCRs)
provide valuable information as to setting priorities when facing limited resources.

1.2 Common data
Many of the data utilized in this paper are common to the four interventions. These data are
discussed in this section.
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Data on household access to drinking water and sanitation, and household point-of-use
(POU) treatment of drinking water are mainly from the National Family Health Surveys (NFHS)
4 (2015-16) and 3 (2005-06), and the National Sample Surveys (NSS) 71 (2014) and 69 (2012).
The NFHS 4 provides state level data for Andhra Pradesh while the preceding surveys include
Telengana. State level data on the use of existing sanitation facilities are from the Swachhta
Status Report 2016 (MSPI/GOI, 2017). This report also provides state level data on household
sanitation coverage and open defecation (OD) rates in 2015.
Assessed benefits of the interventions are health improvements and productivity benefits.
Health improvements are averted cases of diarrheal and intestinal infectious disease (typhoid
and paratyphoid) and associated mortality. Included are also averted cases of infectious
disease mortality among young children from a reduction in the effect of repeated diarrheal
infections on child underweight and associated mortality. The methodology for estimating
health improvements of the interventions are provided in Annex 1.
Other health benefits, such as reduction in intestinal nematode infections, are not included in
the assessment, as these health effects are relatively minor in terms of total disease burden
compared to mortality and morbidity from diarrheal disease and intestinal infections
(typhoid, paratyphoid).
The baseline health data used for the estimation of health improvements are from the Global
Burden of Disease 2016 (GBD 2016) for the state of Andhra Pradesh.6
Averted mortality is valued using two alternative methods:
(i)

Value of statistical life at 72 times GDP per capita in Andhra Pradesh, based on
methodology developed by the World Bank (2016);

(ii)

Years of life lost (YLL) to premature mortality discounted at 3%, 5%, and 8% and
valued at 3 times GDP per capita in Andhra Pradesh.

Reduced morbidity, or incidence of illness, is also valued using two alternative methods:
(i)

Cost-of-illness (COI) approach that includes averted health care expenditure and
productivity benefits in terms of averted lost work days;

6

https://vizhub.healthdata.org/gbd-compare/india
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(ii)

Years lived with disability (YLDs) valued at 3 times GDP per capita in Andhra
Pradesh, where YLD is years or fraction of a year with illness or injury multiplied by
a disability weight.

Productivity benefits are time savings and averted loss of work days and care giving
associated with illness. Time savings are valued at 50% of average wage rates. Averted lost
work days among the working population are valued at average wage rates. Averted days of
care giving are valued at 50% of average wage rates. Average wage rates are estimated from
GDP per capita and labor force participation rates in Andhra Pradesh, and labor income share
of GDP for India. Urban and rural wage differentials are estimated from wage differentials
reported in the National Sample Survey 68 (NSS 68). Male/female wage differentials are
estimated from the NSS 68 and the Labor and Employment Survey 2015-16.
Table 1.1 Basic data for Andhra Pradesh
Population, 2017
Baseline mortality, cases in 2016
Baseline YLDs, 2016
GDP per capita, 2017 Rs
VSL to GDP per capita ratio
VSL, 2017 Rs
Average daily wage rate, 2017 Rs
Average daily wage rate, Urban, 2017 Rs
Average daily wage rate, Rural, 2017 Rs

Andhra Pradesh
54,238,698
31,314
70,209
123,520
72
8,893,447
466
706
353

Remark
Diarrhea, intestinal infectious diseases, indirect effect
on infectious disease mortality
Diarrhea, intestinal infectious diseases
Method in World Bank and IHME (2016)
Product of GDP per capita and VSL to GDP per capita
ratio
Based on GDP per capita in 2017
Based on urban/rural differentials reported in NSS 68
Based on urban/rural differentials reported in NSS 68

Costs of interventions are unique to each intervention and discussed in the intervention
sections.

1.3 Literature review
The main literature utilized in this paper pertains to the assessment of health benefits of
interventions. Wolf et al (2014) present a meta-analysis of relative risks (RRs) of disease and
mortality associated with various types of household drinking water and sanitation in lowand middle-income countries globally. Although diarrheal disease and intestinal infections are
caused by many factors, the RRs provide the health benefits of improved drinking water
supply and sanitation (relative to unimproved drinking water supply and unimproved or no
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sanitation) as well as the health benefits of household point-of-use (POU) treatment of
drinking water from various sources. The RRs associated with each intervention is applied to
the baseline diarrheal and intestinal infectious disease burden to estimate health benefits.
There is no need for baseline disease burden data for drinking water supply and sanitation
separately.
The meta-analysis by Wolf et al include studies of 20 comparisons of alternative drinking
water supplies, 48 comparisons of POU treatment vs. no POU treatment, and 12 comparisons
of improved vs. unimproved sanitation. These studies were included in the meta-analysis
from a review and assessment of a larger set of studies. Pruss-Ustun et al (2014) utilize the
RRs in Wolf et al and provide a framework and methodology for estimating preventable
disease burden from inadequate drinking water and sanitation. Olofin et al (2013) provide a
methodology for estimating child mortality associated with poor nutritional status of
children, and Fewtrell et al (2007) provide guidance on the magnitude of effect of diarrheal
disease in early childhood on children’s nutritional status (annex 1).
For improved sanitation, the RR from a study of rural households in India by Andres et al
(2014) is utilized. This study assessed both the direct health benefit of improved sanitation to
the household as well as the external health benefit to the community of high sanitation
coverage rates. The study was also utilized by a recent report on costs and benefits of
sanitation in India by UNICEF (UNICEF, 2018).
Sufficient research evidence of recent origin and high quality of the magnitude of RRs in
Andhra Pradesh or even in India is not available for the other interventions. Results from the
global meta-analysis by Wolf et al, as well as Olofin et al/Fewtrell et al, are therefore applied
to Andhra Pradesh. This can only provide an indication, rather than a precise estimate, of the
health benefits one may expect from the four interventions assessed in this paper because
the health benefits depend critically on location specific factors such as natural, physical,
socio-economic and behavioral factors. A sensitivity analysis of the RRs that determine the
estimated magnitude of health benefits is therefore warranted. As is reported in each
intervention section, the benefit-cost ratios (BCRs) of interventions are not very sensitive to
changes in the RRs for some of the interventions (because of the presence of substantial nonhealth benefits) while for others they are.
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The magnitude of health benefits of interventions is also influenced by the quality and access
to public health services and medical care, as well as home management of (diarrheal)
infections. These factors influence in particular case fatality rates of (diarrheal) infections.
However, this is reflected in the baseline health data used for estimating the health benefits
of interventions.

1.4 Household drinking water and sanitation situation
About 73% of households in Andhra Pradesh had access to an improved drinking water
source in 2015-16 according to the National Family Health Survey 4 (NFHS 4). This is defined
in the NFHS 4 as piped water into dwelling/yard/plot, public tap/standpipe, tube well or
borehole, protected dug well, protected spring, rainwater, and community reverse-osmosis
(RO) plant.
Improved drinking water sources are generally considered having a lesser risk of pathogen
contamination than unimproved sources (e.g., shallow dug wells, unprotected springs, open
surface water). Water from improved sources are, however, not necessarily safe to drink
(Pruss-Ustun et al, 2014). Nevertheless, only 19% of households practiced point-of-use (POU)
treatment of their drinking water in 2005-06 (Andhra Pradesh and Telengana), mainly by
filtering (11%) and boiling (8%) (NFHS 3).

Moreover, 14% of the population in Andhra

Pradesh (and Telengana) has more than 30 minutes round-trip to their drinking water source,
particularly affecting women and children who often perform the task of fetching drinking
water.
About 61% of households in Andhra Pradesh had a sanitary toilet facility in 2015 according to
the Swachhta Status Report 2016 (MSPI/GOI, 2017). Moreover, 54% of households had
access to an improved non-shared sanitation facility in 2015-16 according to the National
Family Health Survey IV. Thus about 7% of households shared a sanitation facility with other
households in 2015. An improved sanitation facility is defined in the NFHS 4 as flush/pourflush toilets to piped sewer system, septic tank, or pit latrine; ventilated improved pit
(VIP)/biogas latrine; pit latrine with slab; twin pit/composting toilet; which facility is not
shared with any other household.
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The Swachhta Status Report 2016 also reveals that 2.2% of persons with a sanitary toilet
facility continued to practice open defecation (OD). Additionally, 39% of households had no
sanitation facility and practiced OD in 2015 (MSPI/GOV, 2017). A substantial drive by the
government for household sanitation and eradication of OD has, however, reduced this
figure quite substantially since 2015.

2. Improved drinking water source
2.1 Description of intervention
About 71% of urban households in Andhra Pradesh had an improved drinking water source in
2015-16, and 74% did so in rural areas of the state (NFHS 4, 2015-16). Moreover, a
substantial share of households has more than 30 minutes round-trip to their drinking water
source.
The most common type of improved drinking water source is piped water to dwelling in
urban areas and public tap/standpipe or tubewell/borehole in rural areas (NSS 71, 2014).
Thus the intervention is:
i)

Piped water to dwelling for urban households without an improved drinking water
source.

ii)

Tubewell/borehole for rural households without an improved drinking water
source or that have more than 30 minutes round-trip to their drinking water
source.

Health benefits are estimated for urban and rural households that currently rely on
unimproved drinking water sources.

For rural households, time savings benefits are

estimated for households that currently have more than 30 minutes to drinking water source,
whether this source is improved or unimproved. Distant unimproved sources may not be
contaminated by pathogens or other pollutants, but there is risk of pathogen contamination
during extraction, transportation and storage of water prior to drinking.
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2.2 Calculation of Costs and Benefits
Most of the data used for the calculation of costs and benefits of the improved drinking
water intervention are presented in section 1.2. Remaining data are presented below.

2.2.1 Costs
Costs of improved drinking water supply include initial capital cost, and annual operations
and maintenance (O&M) cost. No promotion program is needed as the intervention is here
considered public works.
An initial capital cost of Rs. 15,000 is applied with annual O&M cost at 1.5% of initial capital
cost. Annualized cost per household is estimated at Rs. 1,429 (table 2.1) and total annualized
cost of intervention is estimated at Rs. 6.7 billion (table 2.2) based on total intervention
beneficiaries of 4.7 million households (see next section).
Table 2.1. Cost of improved drinking water supply (Rs per household)
Capital cost
Useful life (years)
Annualized capital cost
O&M (1.5% of capital cost per year)
Total annualized intervention cost
Note: Discount rate: 5%.

15,000
20
1,204
225
1,429

Table 2.2. Total annualized cost of intervention, Rs million
Urban
Beneficiary households (000)
Total annualized cost, Rs million
Note: Discount rate: 5%. Source: Estimates by author.

Rural
1,596
2,280

Total
3,082
4,403

4,678
6,683

2.2.2 Benefits
For the estimation of health benefits of the intervention, the population or households of
Andhra Pradesh are distributed in four categories of drinking water supply according to
current cover (Pre-intervention) and the expected distribution after the implementation of
the intervention (Post-intervention) (table 2.3). Cover is based on NFHS 4 (2015-16) while
time to drinking water source is based on projections from NFHS 3 (2005-06). While the
current percent of households having more than 30 minute round-trip to drinking water
source is uncertain, the pre- and post-intervention population distribution has minimal effect
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on the benefit-cost ratios (BCRs) of the intervention and only on total benefits and costs of
the intervention.
The risk (RR) of illness and mortality associated with the use of an improved drinking water
source (i.e., the intervention) is 0.77 for urban households (piped water) and 0.89 for rural
households (tubewell/borehole) relative to unimproved sources (see Annex 1). This means
that the disease reduction from the intervention is 23% and 11% for urban and rural
households respectively who currently rely on unimproved drinking water sources.
Table 2.3. Population distribution by type of drinking water supply in Andhra Pradesh
Pre-intervention
Improved drinking water; access < 30 min
Improved drinking water; access > 30 min
Unimproved drinking water; access < 30 min
Unimproved drinking water; access > 30 min

Urban
67%
4%
25%
4%

Rural
68%
6%
20%
6%

Total
67%
5%
22%
5%

RR Urban
0.77
0.77
1.0
1.0

RR Rural
0.89
0.89
1.0
1.0

Post-intervention
Improved drinking water; access < 30 min
Improved drinking water; access > 30 min
Unimproved drinking water; access < 30 min
Unimproved drinking water; access > 30 min
Source: Author.

100%
0%
0%
0%

100%
0%
0%
0%

100%
0%
0%
0%

0.77
0.77
1.0
1.0

0.89
0.89
1.0
1.0

The intervention would benefit about 4.7 million households. The Potential Impact Fraction
(PIF) formula is applied to the data in table 2.3 to estimate health benefits (see Annex 1), with
estimated cases of 1,400 deaths and 3.1 million cases of diarrheal illness averted per year
(table 2.4).
Table 2.4. Health benefits of intervention
Urban
Beneficiary households (000)
Averted deaths per year
Averted YLDs per year
Averted cases of diarrhea per year (000)
Source: Estimates by author.

Rural
1,596
765
1,714
1,669

Total
3,082
640
1,434
1,396

4,678
1,404
3,149
3,065

The total annualized value of the health and productivity benefits of the intervention is
estimated at Rs. 25 - 38 billion, depending on valuation method and discount rate used for
valuation of deaths averted (table 2.5). The value of averted deaths accounts for 44-64% of
total benefits. Health care cost savings, accounting for about 3-5% of total benefits, are
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estimated based on a diarrheal disease treatment rate of 30% and a treatment cost of Rs.
1,244 per case.
Productivity benefits in terms of averted lost work days (including caregiving by adults for ill
children) account for about 10-15% of total benefits. A loss of two work days are assumed to
be averted per case of diarrhea averted among the working population, valued at average
wage rates. Caregiving for children is valued at 50% of wage rates per day of child illness.
Productivity benefits in terms of time savings account for 23-36% of total benefits. Time
savings are 30 minutes per household per day for those who would receive drinking water
supply in the proximity of their home. These time savings are valued at 50% of female wage
rates.
Table 2.5. Value of benefits of intervention, Rs million per year
Urban
Value of deaths averted
Valuation method: VSL
Valuation method: YLL=3*GDP per capita
Health care cost savings
Productivity benefits (averted lost work days)
Productivity benefits (time savings)
Total benefits
VSL
YLL=3*GDP per capita
Note: Discount rate: 5%. Source: Estimates by author.

Rural

Total

13,468
5,971
659
2,606
3,561

11,268
4,995
507
1,090
5,302

24,737
10,966
1,166
3,696
8,863

20,294
12,796

18,167
11,894

38,461
24,690

An alternative valuation of health benefits is presented in table 2.6. Averted mortality is
valued as in table 2.5. Reduced morbidity in terms of averted YLDs is, however, valued at 3
times GDP per capita instead of health care cost savings and averted lost work days and
caregiving. This gives 7-10% lower total benefits.
Table 2.6. Alternative value of benefits of intervention, Rs million per year
Urban
Value of deaths averted
Valuation method: VSL
Valuation method: YLL=3*GDP per capita
Value of YLD averted
Productivity benefits (time savings)
Total benefits
VSL
YLL=3*GDP per capita
Note: Discount rate: 5%. Source: Estimates by author.
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Rural

Total

13,468
5,971
1,258
3,561

11,268
4,995
1,053
5,302

24,737
10,966
2,311
8,863

18,288
10,790

17,623
11,350

35,911
22,140

2.2.3 Benefit-cost ratios
A comparison of benefits and costs, and benefit-cost ratios (BCRs) are presented in four
tables. All tables use either VSL or the value of YLL at 3 times GDP per capita for valuation of
averted deaths. All tables also include the value of time savings. The two first tables use the
cost-of-illness (COI) approach, i.e., health care cost savings and productivity benefits, to value
the benefits of averted illness. The two last tables use valuation of YLDs as discussed above.
BCRs are larger for urban households than for rural households.

This is because the

percentage disease reduction from piped water supply for urban households (23%) is larger
than the reduction from tubewell/borehole for rural households (11%).
BCRs using health care savings and productivity benefits are in the range of 1.9-10.7 (tables
2.7a-b). They are larger using VSL than valuation of YLL. They are also larger for urban
households than for rural households.
BCRs using YLD are in the range of 1.8-9.7 (tables 2.7c-d). They are again somewhat larger
using VSL than valuation of YLL, and larger for urban households than for rural households.
Table 2.7a. Benefits and costs of intervention, Rs million per year and BCRs
VSL + health care and
productivity

3% discount rate

Benefit
Urban
21,144
Rural
18,929
Source: Estimates by author.

Cost
1,968
3,801

5% discount rate
BCR
10.7
5.0

Benefit
20,294
18,167

Cost
2,280
4,403

8% discount rate
BCR
8.9
4.1

Benefit
19,127
17,120

Cost
2,797
5,402

BCR
6.8
3.2

Table 2.7b. Benefits and costs of intervention, Rs million per year and BCRs
YLL + health care and
productivity

3% discount rate

Benefit
Urban
14,939
Rural
13,738
Source: Estimates by author.

Cost
1,968
3,801

5% discount rate
BCR
7.6
3.6

Benefit
12,796
11,894

Cost
2,280
4,403

8% discount rate
BCR
5.6
2.7

Benefit
10,788
10,143

Cost
2,797
5,402

BCR
3.9
1.9

Table 2.7c. Benefits and costs of intervention, Rs million per year and BCRs
VSL + YLD

3% discount rate
Benefit
Cost
Urban
19,075
1,968
Rural
18,382
3,801
Source: Estimates by author.

BCR
9.7
4.8

5% discount rate
Benefit Cost
18,288
2,280
17,623
4,403
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BCR
8.0
4.0

8% discount rate
Benefit
Cost
17,206
2,797
16,581
5,402

BCR
6.2
3.1

Table 2.7d. Benefits and costs of intervention, Rs million per year and BCRs
YLL + YLD

3% discount rate
Benefit
Cost
Urban
12,870
1,968
Rural
13,190
3,801
Source: Estimates by author.

BCR
6.5
3.5

5% discount rate
Benefit Cost
10,790
2,280
11,350
4,403

BCR
4.7
2.6

8% discount rate
Benefit
Cost
8,868
2,797
9,604
5,402

BCR
3.2
1.8

2.3 Assessment of Quality of Evidence
The dimensions that most importantly affect the estimated benefits and costs of the
intervention are presented in table 2.8. Quantified health benefits of the intervention are
proportional to the baseline health data. These data are most likely of medium-strong
quality. The relative risk (RR) of disease and mortality reductions from improved drinking
water supply vs. unimproved is based on a meta-analysis of 20 studies (Wolf et al, 2014). This
meta-analysis found an overall RR that is quite consistent with previous meta-analyses (e.g.,
Waddington et al, 2009). The value of statistical life (VSL) used for valuation of mortality
benefits is from a benefit-transfer function developed by the World Bank (World Bank, 2016).
The function is based on meta-analysis of VSL studies from mostly high- and medium-income
countries and other available evidence of VSL by country income level. Productivity benefits
in terms of time savings account for about 50% of total benefits. The time savings are based
on limited evidence as studies of these savings are very limited.
In terms of cost of intervention, capital cost and O&M is a rough estimate.
Table 2.8. Quality of evidence
Quality of evidence
Benefits of intervention:
Baseline health data
Relative risks (RR) for health benefits
Valuation of mortality
Productivity benefits (time savings)

Medium-Strong
Medium-Strong
Medium-Strong
Medium-Strong

Cost of intervention:
Capital and O&M
Total evidence
Source: Author.

Limited-Medium
Medium

2.4 Sensitivity Analysis
An analysis is carried out as to the sensitivity of the BCRs to some of the dimensions in table
2.8: i) the magnitude of the relative risks (RRs); ii) the productivity benefits (time savings);
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and iii) capital cost of intervention. The analysis assesses a 50% change in these parameters
in the direction of lowering the BCRs. The sensitivity analysis is relative to the base case of
using VSL for mortality and cost-of-illness (COI) for morbidity benefits, and a discount rate of
5%.
The results are presented in table 2.9:
i)

The BCR is quite sensitive to a change in the RRs in both urban and rural areas.
This is because health benefits constitute such a large share of total benefits.

ii)

A change in time savings from 30 min to 15 minutes per household per day has
only a small effect on the BCR. This is because of the relatively modest share of
time savings in total benefits.

iii)

An increase in the capital cost of intervention from Rs. 15,000 to Rs. 22,500
reduces the BCR by one-third in both urban and rural areas.
Table 2.9 BCR sensitivity analysis
Urban

Base case BCR
i)
BCR with 50% change in RR
(urban RR=0.885; rural RR=0.945)
ii)
BCR with 50% change in time savings
(15 min per household per day)
iii)
BCR with 50% higher capital cost of intervention
(Rs. 22.500 per household)
Note: Discount rate: 5%. Source: Estimates by author.

Rural
8.9
4.9

4.1
2.6

8.1

3.5

5.9

2.8

3. Household point-of-use treatment of drinking water
3.1 Description of intervention
About 19% of households in Andhra Pradesh (including Telangana) practiced appropriate
methods of point-of-use (POU) treatment of drinking water a decade ago, compared to over
20% nationwide in India according to the NFHS 3 (2005-06). The main appropriate methods
in Andhra Pradesh were the use of a water filter (11%) and boiling (8%).
Recent data on POU treatment from the NFHS 4 (2015-16) were not publicly available at the
time of writing this paper. POU treatment by appropriate methods is likely to have increased
somewhat, postulated at 23% currently. Given the low rate of POU treatment by appropriate
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methods, and that water filter was the most common method in Andhra Pradesh, the
intervention assessed in this paper is a behavioral change campaign (BCC) that promotes
household POU treatment of drinking water with water filter.
Such a BCC program needs to include an assessment of the reasons for the low rate of POU
treatment of drinking water in Andhra Pradesh so that obstacles can be overcome. It also
needs to raise awareness of health benefits, as well as ensure that households properly
maintain the filter devices and replace necessary parts at regular intervals.

3.2 Literature Review
The challenge with an assessment of the benefits and costs of a BCC that promotes POU
treatment of drinking water is the determination of the effectiveness of the campaign and
the cost of the campaign in relation to its effectiveness. Three handwashing (HW) programs
can shed some light on this. These programs achieved behavioral change rates of 10% to
18% of targeted households. Costs per household of the program that achieved 18%
behavioral change is multiple times higher than the program that achieved 10%,
demonstrating the rapidly rising marginal program cost in relation to behavioral change rates
(table 3.1).
“Low”, “mid” and “high” intensity promotion programs of 10%, 15% and 20% behavioral
change rate is applied in this paper to the BCC for promotion of POU treatment of drinking
water, with costs in table 3.1 adjusted for annual inflation to 2017.
Table 3.1. Cost of behavioral change promotion
Guatemala

Thailand

Burkino Faso

Behavioral change (% of target population)

10%

16%

18%

Program Cost per Target Household (US $)

0.35

1.2

5.0

3.6

7.4

27.9

Program Cost per Household with Behavioral Change (US $)

Source: Derived from Saade et al (2001), Pinfold and Horan (1996), and Borghi et al (2002).

3.3 Calculation of Costs and Benefits
Most of the data used for the calculation of costs and benefits of the BCC intervention for
POU treatment are presented in section 1.2. Remaining data are presented below.
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3.3.1 Costs
An average water filter for POU of drinking water costs about Rs. 2,000 based on an online
market review.7 Parts replacement may be around Rs. 500 per year. There is also a cost of
time spent on filtering water, here 2 minutes per household per day valued at 50% of wage
rates. These costs are applicable to around 1.4-2.9 million households expected to start POU
of drinking water as a result of BCC promotion program (table 3.2).
Table 3.2. Cost of POU treatment of drinking water
Low
Households starting POU of drinking water (000)
Cost of water filter (Rs per household)
Useful life (years)
Annualized capital cost (Rs per household)
Parts replacement (1 time per year), Rs per household
Cost of time spent on water filtering (Rs/household/year)
Sub-total annualized cost, Rs million (all households)
Note: Discount rate: 5%. Source: Author.

Mid
1,429
2000
5
462
500
434
1,995

High
2,143
2000
5
462
500
434
2,993

2,858
2000
5
462
500
434
3,991

The BCC program promoting POU treatment of drinking water is undertaken once over the
assumed 5 years of useful life of the water filter. Costs are according to table 3.1 adjusted for
annual inflation. The program is directed at all households (table 3.3). The cost of the BCC
program is only substantial in comparison with the private costs in table 3.2 for the “high”
intensity program.
Table 3.3. Cost of BCC program
Low
Program promotion cost per household (US$)
Program promotion cost per household (US$), 2017
Program promotion cost per household (Rs)
Annualized program promotion cost per HH (Rs)
Households targeted by POU promotion (000)
Total annualized program promotion cost (Rs million)
Note: Discount rate: 5%. Source: Author.

Mid
0.35
0.5
30
6.9
14,289
99

High
1.20
2.0
130
30
14,289
429

5.00
7.4
480
111
14,289
1,584

5.3.2 Benefits
For the estimation of health benefits of the intervention, the population or households of
Andhra Pradesh are distributed in two categories of household currently practicing and not
practicing POU treatment of drinking water (Pre-intervention) and the expected distribution
after the implementation of the intervention (Post-intervention) (table 3.4). While the
7

https://www.amazon.in/Water-Filters-Purifiers/b?ie=UTF8&node=1380262031
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current POU treatment rate is uncertain, the pre-intervention population distribution has
minimal effect on the benefit-cost ratios (BCRs) of the intervention and only on total benefits
and costs of the intervention.
The relative risks (RRs) of illness and mortality are weighted average RR for POU treatment of
piped drinking water in urban and other improved drinking water sources in rural (PrussUstun et al, 2014) . The RR means that the disease reduction from POU treatment is 35%.
The BCC intervention effectiveness is discussed above, ranging from 10% to 20%.
Table 3.4. Population distribution by household POU treatment of drinking water in Andhra Pradesh
Low
Pre-intervention
POU treatment (appropriate method)
Not appropriate or no treatment
BBC Water Filter promotion effectiveness (% behavioral
change rate)
Post-intervention
POU treatment (appropriate method)
Not appropriate or no treatment
Source: Author.

Mid

High

RR

23%
77%

23%
77%

23%
77%

10%

15%

20%

33%
67%

38%
62%

43%
57%

0.65
1.0

0.65
1.0

The intervention is expected to make 1.4-2.9 million households start POU treatment of
drinking water. The Potential Impact Fraction (PIF) formula is applied to the data in table 3.4
to estimate health benefits (see Annex 1), with estimated cases of about 1,200-2,400 deaths
and 2.6-5.1 million cases of diarrheal illness averted per year (table 3.5).
Table 3.5. Health benefits of intervention
Low
Households starting POU of drinking water (000)
Averted deaths per year
Averted YLDs per year
Averted cases of diarrhea per year (000)
Source: Estimates by author.

Mid
1,429
1,180
2,645
2,574

High
2,143
1,769
3,967
3,861

2,858
2,359
5,290
5,149

The total annualized value of the health and productivity benefits of the intervention is
estimated at Rs. 8 – 31 billion (table 3.6). The value of averted deaths accounts for 69-83% of
total benefits. Health care cost savings, accounting for about 6-11% of total benefits, are
estimated based on a diarrheal disease treatment rate of 30% and a treatment cost of Rs.
1,244 per case.
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Productivity benefits in terms of averted lost work days (including caregiving by adults for ill
children) account for somewhat 11-20% of total benefits. A loss of two work days are
assumed to be averted per case of diarrhea averted among the working population, valued at
average wage rates. Caregiving for children is valued at 50% of wage rates per day of child
illness.
Table 3.6. Value of benefits of intervention, Rs million per year
Low
Value of deaths averted
VSL
YLL=3*GDP per capita
Health care cost savings
Productivity benefits (averted lost work days and caregiving)
Total benefits
VSL
YLL=3*GDP per capita
Note: Discount rate: 5%. Source: Estimates by author.

Medium

High

12,863
5,702
919
1,642

19,295
8,553
1,379
2,463

25,727
11,405
1,838
3,284

15,424
8,263

23,136
12,395

30,848
16,526

An alternative valuation of health benefits is presented in table 3.7. Averted mortality is
valued as in table 3.6. Reduced morbidity in terms of averted YLDs is, however, valued at 3
times GDP per capita instead of health care cost savings and averted lost work days and
caregiving. This gives 9-17% lower total benefits.
Table 3.7. Alternative value of benefits of intervention, Rs million per year
Low
Value of deaths averted
VSL
YLL=3*GDP per capita
Value of YLD averted
Total benefits
VSL
YLL=3*GDP per capita
Note: Discount rate: 5%. Source: Estimates by author.

Medium

High

12,863
5,702
1,202

19,295
8,553
1,803

25,727
11,405
2,403

14,065
6,904

21,097
10,356

28,130
13,808

3.3.3 Benefit-cost ratios
A comparison of benefits and costs, and benefit-cost ratios (BCRs) are presented in four
tables, as for the previous interventions. All tables use either VSL or the value of YLL at 3
times GDP per capita for valuation of averted deaths. The two first tables use the cost-ofillness (COI) approach, i.e., health care cost savings and productivity benefits, to value the
benefits of averted illness. The two last tables use valuation of YLDs as discussed above.
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BCRs using health care savings and productivity benefits are in the range of 2.4-7.5 (tables
3.8a-b). They are larger using VSL than valuation of YLL.
BCRs using YLD are in the range of 1.9-6.9 (tables 3.8c-d). They are again larger using VSL
than valuation of YLL.
The BCRs are declining with increased intensity (from “low” to “high”) of the BCC program,
because of rising unit costs of achieving behavioral change.
Table 3.8a. Benefits and costs of intervention, Rs million per year and BCRs
VSL + health care and
productivity

3% discount rate

Benefit
Low
15,464
Mid
23,195
High
30,927
Source: Estimates by author.

Cost
2,055
3,347
5,420

5% discount rate
BCR
7.5
6.9
5.7

Benefit
15,424
23,136
30,848

Cost
2,094
3,422
5,575

8% discount rate
BCR
7.4
6.8
5.5

Benefit
15,367
23,050
30,734

Cost
2,156
3,538
5,815

BCR
7.1
6.5
5.3

Table 3.8b. Benefits and costs of intervention, Rs million per year and BCRs
YLL + health care and
productivity

3% discount rate

Benefit
Low
9,766
Mid
14,649
High
19,533
Source: Estimates by author.

Cost
2,055
3,347
5,420

5% discount rate
BCR
4.8
4.4
3.6

Benefit
8,263
12,395
16,526

Cost
2,094
3,422
5,575

8% discount rate
BCR
3.9
3.6
3.0

Benefit
6,936
10,403
13,871

Cost
2,156
3,538
5,815

BCR
3.2
2.9
2.4

Table 3.8c. Benefits and costs of intervention, Rs million per year and BCRs
VSL + YLD

3% discount rate
Benefit
Cost
Low
14,103
2,055
Mid
21,154
3,347
High
28,206
5,420
Source: Estimates by author.

BCR
6.9
6.3
5.2

5% discount rate
Benefit Cost
14,065
2,094
21,097
3,422
28,130
5,575

BCR
6.7
6.2
5.0

8% discount rate
Benefit
Cost
14,010
2,156
21,014
3,538
28,019
5,815

BCR
6.5
5.9
4.8

Table 3.8d. Benefits and costs of intervention, Rs million per year and BCRs
YLL + YLD

3% discount rate
Benefit
Cost
Low
8,406
2,055
Mid
12,608
3,347
High
16,811
5,420
Source: Estimates by author.

BCR
4.1
3.8
3.1

5% discount rate
Benefit
Cost
6,904
2,094
10,356
3,422
13,808
5,575

BCR
3.3
3.0
2.5

8% discount rate
Benefit
Cost
5,578
2,156
8,367
3,538
11,157
5,815

BCR
2.6
2.4
1.9

3.4 Assessment of Quality of Evidence
The dimensions that most importantly affect the estimated benefits and costs of the
intervention are presented in table 3.9. The quality of evidence of the baseline health data
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and valuation of mortality is discussed before. The relative risk (RR) of disease and mortality
reductions from POU treatment of drinking water is based on a meta-analysis of 48 studies
(Wolf et al, 2014).
In terms of cost of intervention, the cost of water filter and maintenance is by far the largest
cost component and has medium-strong evidence.
Table 3.9. Quality of evidence
Quality of evidence
Benefits of intervention:
Baseline health data
Relative risks (RR) for health benefits
Valuation of mortality
Cost of intervention:
Cost of water filter and maintenance
Total evidence
Source: Author.

Medium-Strong
Medium-Strong
Medium-Strong
Medium-Strong
Medium-Strong

3.5 Sensitivity Analysis
An analysis is carried out as to the sensitivity of the BCRs to two of the dimensions in table
3.9: i) the magnitude of the relative risks (RRs); and ii) cost of intervention. The analysis
assesses a 50% change in these parameters in the direction of lowering the BCRs. The
sensitivity analysis is relative to the base case of using VSL for mortality and cost-of-illness
(COI) for morbidity benefits, and a discount rate of 5%.
The results are presented in table 3.10:
i)

The sensitivity of the BCR is proportional to the change in RR. This is because the
benefits are entirely health benefits.

ii)

An increase of 50% in each of the components of the cost of intervention
separately reduces the BCR only somewhat. A simultaneous increase in the cost
of all components reduces the BCR by one-third.
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Table 3.10. BCR sensitivity analysis
Mid-case
Base case BCR
i)
BCR with 50% change in RR
(RR=0.865)
ii)
BCR with 50% higher cost of water filter
(Rs. 3,000 per household)
BCR with 50% higher cost of parts replacement
(Rs. 750 per year per household)
BCR with 50% higher cost of time spent on treatment
(3 minutes per household per day)
BCR with 50% higher program promotion cost
BCR with 50% higher cost of all cost components
Source: Estimates by author.

6.8
3.3
5.9
5.8
6.0
6.4
4.5

4. Improved sanitation
4.1 Description of intervention
About 61% of households in Andhra Pradesh had a sanitary toilet facility in 2015 according to
the Swachhta Status Report 2016 (MSPI/GOI, 2017). Moreover, 54% of households had
access to an improved non-shared sanitation facility in 2015-16 according to the National
Family Health Survey IV.8 Thus about 7% of households shared a sanitation facility with other
households in 2015. An improved non-shared sanitation facility is defined in the NFHS 4 as
flush/pour-flush toilets to piped sewer system, septic tank, or pit latrine; ventilated improved
pit (VIP)/biogas latrine; pit latrine with slab; twin pit/composting toilet; which facility is not
shared with any other household.
The Swachhta Status Report 2016 also reveals that 2.2% of persons with a sanitary toilet
facility continued to practice open defecation (OD). Additionally, 39% of households had no
sanitation facility and practiced OD in 2015 (MSPI/GOV, 2017). A substantial drive by the
government for household sanitation and eradication of OD has, however, reduced this
figure quite substantially since 2015. Nevertheless, sanitation programs inevitably encounter
challenges of quality of construction, choice of appropriate sanitation technology, and
achieving sustained OD free communities.

8

The Joint Monitoring Programme (JMP) of WHO/UNICEF classifies household sanitation into improved and
unimproved facilities.

28

The most common household sanitation facility in Andhra Pradesh is a flush/pour-flush toilet
in both urban and rural areas. The Government of India is promoting household sanitation
facilities with a monetary incentive up to Rs 12,000 to eligible households. Most households
opt for a flush/pour-flush system with a single- or twin-pit. This is therefore the intervention
assessed in this paper, with the aim of reaching 95% household coverage with improved,
non-shared sanitation.

The government may, however, aim for 100% coverage.

The

difference has no/negligible effect on the benefit-cost ratios (BCRs), unless the cost of
reaching the last 5% of households escalates.
Institutional sanitation (sanitation facilities at pre-schools, schools, health facilities, etc.),
albeit important, is not assessed in this paper.

4.2 Calculation of Costs and Benefits
Most of the data used for the calculation of costs and benefits of the sanitation intervention
are presented in section 1.2. Remaining data are presented below.

4.2.1 Costs
Costs of household sanitation include initial capital cost, periodic emptying of pit or septic
tank, regular cleaning of the facility, annual operations and maintenance (O&M) cost, and
cost of sanitation promotion programs by the government.
An initial capital cost of Rs. 20,000 is applied.

This is for the toilet, installation, and

construction of superstructure (base, building). This is the cost reported in a recent survey of
over 10,000 households in 12 states conducted by UNICEF in 2017 (UNICEF, 2018), reflecting
the cost paid by households and cost paid by the government among the poorest two
quintiles of households, which are the households that are most likely to still not have
improved sanitation. The cost may be higher or lower for some households. The impact of
this on the benefit-cost ratios (BCR) is assessed in the sensitivity analysis.
Each of the government recommended twin-pits is 4-feet deep and 3-4 feet wide and takes
an average household about 5 years to fill. Once one is full, the second pit is put into use
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while the fecal matter in the first pit breaks down. Emptying the pit costs around Rs 1,500.9
Cleaning of the sanitation facility is assumed to take 10 minutes per day, with time valued at
50% of urban and rural wage rates.10 Sanitation program cost of Rs. 600 per household (5% of
government sanitation budget) that currently do not have improved non-shared sanitation is
assumed to cover promotion of household sanitation, proper designs, and promotion of
household members full use of the facility.
Annualized cost per rural and urban household is estimated at Rs. 5,577 – 8,229 (table 4.1)
and total annualized cost of intervention is estimated at Rs. 32 billion (table 4.2) based on
total intervention beneficiaries of 5.4 million households (see next section). Cost of cleaning
constitutes over half of the cost for urban households and nearly half of the cost for rural
households.
Table 4.1. Cost of household sanitation (Rs per household)
Capital cost
Emptying of pit
Cost of cleaning per year
O&M cost
Program cost
Annualized cost, Rs
Note: Discount rate: 5%. Source: The author.

Urban
20,000
1,500
5,304
1,000
600
8,229

Rural
20,000
1,500
2,652
1,000
600
5,577

Remark
Initial cost
Once per 5 years
10 minutes per household per day
5% of capital cost per year
Once per household
Per household

Table 4.2. Total annualized cost of intervention, Rs million
Urban
Beneficiary households (000)
Total annualized cost, Rs million
Note: Discount rate: 5%. Source: Estimates by author.

Rural
661
5,441

Total
4,785
26,683

5446
32,124

4.2.2 Benefits
For the estimation of health benefits of the intervention, the population or households of
Andhra Pradesh are distributed in four categories of household sanitation according to
current sanitation cover (Pre-intervention) and the expected distribution after the
implementation of the intervention which aims to reduce the population with shared and
unimproved or no sanitation to 5% in both urban and rural areas (Post-intervention) (table
9

Useful sanitation information from Rajasthan at https://scroll.in/article/759201/swachh-bharat-in-Rajasthan-avillage-shows-why-open-defecation-is-ending-only-on-paper
10
10 minutes per day is here considered sufficient in order to reap the diarrheal risk reduction applied in this
paper. Households may, however, spend more time on cleaning for aesthetic and status benefits that are not
captured in this paper. In the survey by UNICEF in July-August 2017, households report an average cleaning time
of the sanitation facility of about 30 minutes per day.
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4.3). Cover is based on the Swachhta Status Report 2016 (MSPI/GOI, 2017) and NFHS 4
(2015-16) for Andhra Pradesh. Non-use of existing facilities is based on the Swachhta Status
Report 2016. While the current sanitation cover and non-use of existing facilities is uncertain
in light of the government’s drive to increase coverage, the pre- and post-intervention
population distribution has minimal effect on the benefit-cost ratios (BCRs) of the
intervention and only on total benefits and costs of the intervention.
The risk (RR) of illness and mortality associated with the use of an improved, non-shared
sanitation facility (i.e., the intervention) is 0.72 relative to unimproved or no sanitation
facility. This includes the direct health benefit to the household adopting improved sanitation
and the external health benefit to the community, as estimated by Andres et al (2014) (see
Annex 1). The RR associated with the use of shared sanitation facilities is here assumed to be
0.77. Thus disease reduction from the intervention is 47% and 23%, respectively.
Table 4.3. Population distribution by type of household sanitation in Andhra Pradesh
Pre-intervention
Have improved non-shared sanitation and using it
Have improved non-shared sanitation BUT not using it
Shared sanitation
Other unimproved or no sanitation
Post-intervention
Intervention target (access rate of improved non-shared sanitation)
Have improved non-shared sanitation and using it
Have improved non-shared sanitation BUT not using it
Shared sanitation
Other unimproved on no sanitation
Source: Author.

Urban
76.4%
1.0%
11.4%
11.2%

Rural
41.8%
1.3%
4.8%
52.1%

Total
52.3%
1.3%
7.4%
39.0%

RR
0.53
1.0
0.77
1.0

95%
94.0%
1.0%
0.6%
4.4%

95%
92.4%
2.6%
0.2%
4.8%

95%
92.9%
2.1%
0.4%
4.6%

0.53
1.0
0.77
1.0

The intervention would benefit about 5.4 million households. The Potential Impact Fraction
(PIF) formula is applied to the data in table 4.3 to estimate health benefits (see Annex 1), with
estimated cases of over 7,000 deaths and 15.4 million cases of diarrheal illness averted per
year (table 4.4).
Table 4.4. Health benefits of intervention
Urban
Beneficiary households (000)
Averted deaths per year
Averted YLDs per year
Averted cases of diarrhea per year (000)
Source: Estimates by author.

Rural
661
928
2,080
2,024
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Total
4,785
6,113
13,706
13,341

5,446
7,041
15,786
15,365

The total value of the health and productivity benefits of the intervention is estimated at Rs.
172 – 241 billion, depending on valuation method and discount rate used for valuation of
deaths averted (table 4.5). The value of averted deaths accounts for 32-52% of total benefits.
Health care cost savings, accounting for 2-3% of total benefits, are estimated based on a
diarrheal disease treatment rate of 30% and a treatment cost of Rs. 1,244 per case.
Productivity benefits in terms of averted lost work days (including caregiving by adults for ill
children) account for 6-8% of total benefits. A loss of two work days are assumed to be
averted per case of diarrhea averted among the working population, valued at average wage
rates. Caregiving for children is valued at 50% of wage rates per day of child illness.
Productivity benefits in terms of time savings account for 4-57% of total benefits. Time
savings are 20 minutes per household member per day for those who no longer would
practice open defecation (OD) and 3 minutes per household member per day for those no
longer with a shared sanitation facility. These time savings are valued at 50% of wage rates
for all beneficiaries 5+ years of age. In the recent survey by UNICEF household members
reported that they on average spend 40 minutes per day on OD (UNICEF, 2018). This may,
however, include time spent on co-activities that household members may undertake. Thus,
to be conservative, only 20 minutes are accounted as time savings of ending OD in this paper.
This is also the average time spent on OD reported by households in 6 East Asian countries
according to the Economics of Sanitation Initiative (ESI) by the Water and Sanitation Program,
World Bank.11
Table 4.5. Value of benefits of intervention, Rs million per year
Urban
Deaths averted
VSL
YLL=3*GDP per capita
Health care cost savings
Productivity benefits (averted lost work days)
Productivity benefits (time savings)
Total benefits, Rs million
VSL
YLL=3*GDP per capita
Note: Discount rate: 5%. Source: Estimates by author.

11

https://www.wsp.org/content/economic-impacts-sanitation
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Rural

Total

16,339
7,243
799
3,161
13,227

107,673
47,732
4,841
10,417
84,220

124,012
54,975
5,640
13,578
97,447

33,527
24,431

207,151
147,210

240,678
171,640

An alternative valuation of health benefits is presented in table 4.6. Averted mortality is
valued as in table 4.5. Reduced morbidity in terms of averted YLDs is, however, valued at 3
times GDP per capita instead of health care cost savings and averted lost work days and
caregiving. This gives slightly lower total benefits.
Table 4.6. Alternative value of benefits of intervention, Rs million per year
Urban
Deaths averted
VSL
YLL=3*GDP per capita
Value of YLD averted
Productivity benefits (time savings)
Total benefits, Rs million
VSL
YLL=3*GDP per capita
Note: Discount rate: 5%. Source: Estimates by author.

Rural

Total

16,339
7,243
1,526
13,227

107,673
47,732
10,059
84,220

124,012
54,975
11,585
97,447

31,092
21,996

201,953
142,011

233,045
164,007

4.2.3 Benefit-cost ratios
A comparison of benefits and costs, and benefit-cost ratios (BCRs) are presented in four
tables. All tables use either VSL or the value of YLL at 3 times GDP per capita for valuation of
averted deaths. All tables also include the value of time savings. The two first tables use the
cost-of-illness (COI) approach, i.e., health care cost savings and productivity benefits, to value
the benefits of averted illness. The two last tables use valuation of YLDs as discussed above.
Benefits and costs are larger in rural than urban areas as most of the beneficiaries are rural.
BCRs using health care savings and productivity benefits are in the range of 3.9-8.3 (tables
4.7a-b). They are somewhat larger using VSL than valuation of YLL. They are also larger for
rural households than for urban households.
BCRs using YLD are in the range of 3.5-8.1 (tables 4.7c-d). They are again somewhat larger
using VSL than valuation of YLL, and larger for rural households than for urban households.
Table 4.7a. Benefits and costs of intervention, Rs million per year and BCRs
VSL + health care and
productivity
Urban sanitation
Rural sanitation

3% discount rate
Benefit
34,941
215,880

Cost
5,422
25,998

5% discount rate
BCR
6.4
8.3

Benefit
33,527
207,151

Source: Estimates by author.
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Cost
5,441
26,683

8% discount rate
BCR
6.2
7.8

Benefit
31,584
195,164

Cost
5,518
27,987

BCR
5.7
7.0

Table 4.7b. Benefits and costs of intervention, Rs million per year and BCRs
YLL + health care and
productivity
Urban sanitation
Rural sanitation

3% discount rate
Benefit
27,413
166,271

5% discount rate

Cost
5,422
25,998

BCR
5.1
6.4

Benefit
24,431
147,210

Cost
5,441
26,683

8% discount rate
BCR
4.5
5.5

Benefit
21,468
128,500

Cost
5,518
27,987

BCR
3.9
4.6

Source: Estimates by author.

Table 4.7c. Benefits and costs of intervention, Rs million per year and BCRs
VSL + YLD
Urban sanitation
Rural sanitation

3% discount rate
Benefit
Cost
32,431
5,422
210,647
25,998

BCR
6.0
8.1

5% discount rate
Benefit
Cost
31,092
5,441
201,953
26,683

BCR
5.7
7.6

8% discount rate
Benefit
Cost
29,254
5,518
190,012
27,987

BCR
5.3
6.8

Source: Estimates by author.

Table 4.7d. Benefits and costs of intervention, Rs million per year and BCRs
YLL + YLD
Urban sanitation
Rural sanitation

3% discount rate
Benefit
Cost
24,903
5,422
161,038
25,998

BCR
4.6
6.2

5% discount rate
Benefit
Cost
21,996
5,441
142,011
26,683

BCR
4.0
5.3

8% discount rate
Benefit
Cost
19,138
5,518
123,347
27,987

BCR
3.5
4.4

Source: Estimates by author.

4.3 Assessment of Quality of Evidence
The dimensions that most importantly affect the estimated benefits and costs of the
intervention are presented in table 4.8. The quality of evidence of the baseline health data
and valuation of mortality is discussed before. The relative risk (RR) of disease and mortality
reductions from improved sanitation vs. unimproved sanitation is based on one study of
Indian households. The time savings from ending OD are conservative compared to UNICEF
(2018) and similar to evidence from other Asian countries.
In terms of cost of intervention, capital cost is based on recent experience of the government
sanitation promotion program. Time needed on cleaning of sanitation facility to reap the
heslth benefits estimated in this paper is uncertain.
Table 4.8. Quality of evidence
Quality of evidence
Benefits of intervention:
Baseline health data
Relative risks (RR) for health benefits
Valuation of mortality
Productivity benefits (time savings)
Cost of intervention:
Capital cost
Cleaning of sanitation facility
Total evidence
Source: Author.

Medium-Strong
Medium
Medium-Strong
Limited
Medium-Strong
Medium
Medium-Strong
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4.4 Sensitivity Analysis
An analysis is carried out as to the sensitivity of the BCRs to some of the dimensions in table
4.8: i) the magnitude of the relative risks (RRs); ii) the productivity benefits (time savings);
and iii) cost of two intervention cost components. The analysis assesses a 50% change in
these parameters in the direction of lowering the BCRs. The sensitivity analysis is relative to
the base case of using VSL for mortality and cost-of-illness (COI) for morbidity benefits, and a
discount rate of 5%.
The results are presented in table 4.9:
i)

The BCRs decline with 28-35% with the change in RR. This relatively large change
in the BCRs is because health benefits are a major share of total benefits.

ii)

A change in time savings from 20 min to 10 minutes per person per day decreases
the BCRs by no more than 18-21%.

iii)

An increase in the capital cost of intervention from Rs. 20,000 to Rs. 30,000
reduces the BCR by 15-20%. A higher cleaning cost of 20 minutes per day reduces
the BCRs by 32-40% due to the high cost of cleaning relative to total cost.

A sensitivity analysis is also undertaken with respect to sanitation coverage rates. If the rural
population with a sanitary toilet is 70-80% today instead of 48% in 2015 (i.e., improved nonshared and shared in table 4.3), the BCR changes minimally. Thus the actual coverage rate
has no significant effect on the BCR.
Table 4.9 BCR sensitivity analysis
Urban
Base case BCR
BCR with 50% change in RR
(RRs=0.76 and 0.88)
ii)
BCR with 50% change in time savings
(10 min per person per day)
iii)
BCR with 50% higher capital cost of intervention
(Rs. 30,000 per household)
BCR with 50% higher cleaning cost
(20 minutes per day)
Source: Estimates by author.
i)
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Rural
6.2
3.9

7.8
5.2

5.1

6.2

5.3

6.3

3.7

5.3

5. Promotion of the use of sanitation facilities
5.1 Description of intervention
The construction of a household sanitation facility does not necessarily mean that all
household members will use the new facility. The Swachhta Status Report 2016 found that
2.2% of household members continue to practice OD after construction of sanitation facility.
Non-use is more prevalent in rural areas (2.7%) than in urban areas (1.1%).
Faced with a situation of OD among households with sanitation facility, the intervention is a
behavioral change campaign (BCC) that promotes the consistent use of existing sanitation
facilities.

5.2 Literature Review
The challenge with an assessment of the benefits and costs of a BCC that promotes the use of
sanitation is the determination of the effectiveness of the campaign and the cost of the
campaign in relation to its effectiveness. Three handwashing (HW) programs can shed some
light on this, and are reported in the section on the POU treatment of drinking water
intervention.
“Low”, “mid” and “high” intensity promotion programs of 10%, 15% and 20% behavioral
change rate is applied in this paper to the BCC for promotion of the use of sanitation, with
costs in table 5.1 adjusted for annual inflation to 2017.

5.3 Calculation of Costs and Benefits
Most of the data used for the calculation of costs and benefits of the BCC intervention for the
use of sanitation facilities are presented in section 1.2. Remaining data are presented below.

5.3.1 Costs
The BCC program promoting the use of existing household sanitation is repeated every 3
years over the useful life of the sanitation facilities. Annualized cost per household ranges
from Rs. 11 for the “low” intensity program to Rs. 181 for the “high” intensity. The program is
directed at all households that currently have improved sanitation, as precisely which
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households have members who do not utilize existing facilities is unknown.. Thus total
annualized cost is in the range of Rs. 99-1,580 million (table 5.1).
Table 5.1. Cost of BCC program promotion intervention
Low
Useful life of existing sanitation facility (years)
BBC program promotion cost per household (US$)
Program promotion cost per household (US$), 2017
Program promotion cost per household (Rs)
Annualized program promotion cost per household (Rs)

Mid
20
0.35
0.5
30
11

High
20
1.20
2.0
130
49

20
5.00
7.4
480
181

Households targeted by BCC program intervention (million)
8.7
8.7
8.7
Total annualized BCC program promotion cost, Rs Million
99
428
1,580
Note: Discount rate is 5%. BBC program is repeated every 3 years over the useful life of the sanitation facility.
Source: Author.

The NSS 69 (2012) finds several reasons for non-use of existing sanitation facilities: i) no toilet
superstructure; ii) lack of cleanliness/insufficient water; iii) malfunctioning of the latrine; iv)
personal preferences; and v) other reasons. The two most important reasons in Andhra
Pradesh were personal preferences (17%) and lack of cleanliness/insufficient water (62%).
Personal preferences for OD imply that these household members perceive some benefits of
continuing OD, or cost of giving up their old practice of OD. The magnitude of this cost is
unknown. It is therefore in this paper assumed to be (at least) as large as the value of time
spent on OD, i.e., 20 minutes per person per day valued at 50% of average wages. This is
applied to the 17% of non-users who state “personal preferences” as reason for not using
existing toilet facilities (annualized cost of ending OD in table 5.2).
Moreover, that lack of cleanliness/insufficient water was reported as the second main reason
for not using the toilet facility prompts the inclusion of cost of cleaning of toilet facility (or
value of time spent on cleaning), i.e., 20 minutes per week valued at 50% of wages. This cost
is applied to all households with non-users of existing toilet facilities (annual cost of cleaning
toilets in table 5.2).
Total private cost of intervention is therefore estimated at Rs. 164 – 328 million, depending
on intensity or level of effort of the promotion program and household member response
rates. Total private and public (promotion program) cost is therefore Rs. 263 – 1,908.
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Table 5.2. Addition cost of intervention
Low
Annualized cost (foregone benefits) of ending OD
Annual cost of cleaning toilets
Total annual cost
Note: Discount rate: 5%. Source: Author.

Mid

High

88
76

131
114

175
153

164

245

328

5.3.2 Benefits
For the estimation of health benefits of the intervention, the population or households of
Andhra Pradesh are distributed in four categories of household sanitation according to
current sanitation cover and use of sanitation (Pre-intervention) and the expected
distribution after the implementation of the intervention which aims to reduce the
population not using existing sanitation facilities (Post-intervention) (table 5.3). The preintervention distribution is the same as for the improved sanitation intervention in the
previous section. And again, while the current sanitation cover and non-use of existing
facilities is uncertain, the pre-intervention population distribution has minimal effect on the
benefit-cost ratios (BCRs) of the intervention and only on total benefits and costs of the
intervention.
The risk (RR) of illness and mortality associated with the use of an improved, non-shared
sanitation facility (i.e., the intervention) is 0.72 relative to unimproved or no sanitation facility
(Wolf et al, 2014) (see Annex 1)12. The RR associated with the use of shared sanitation
facilities is not reported in Pruss-Ustun et al (2014) or Wolf et al (2014) and is here assumed
to be 0.86. Thus disease reduction from the intervention is 28% and 14%, respectively. The
BCC intervention effectiveness is discussed above, ranging from 10% to 20%.

12

This intervention involves a relatively small number of households. The community health benefit estimated
in Andres et al (2014) is therefore likely to be minimal. The relative risk in Wolf et al (2014) is therefore applied
instead, reflecting primarily the direct health benefit to the household.
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Table 5.3. Population distribution by type of household sanitation in Andhra Pradesh
Low
Pre-intervention
Have improved non-shared sanitation and using it
Have improved non-shared sanitation BUT not using it
Shared sanitation
Other unimproved on no sanitation
BCC intervention effectiveness (% behavioral change rate)
Post-intervention
Have improved non-shared sanitation and using it
Have improved non-shared sanitation BUT not using it
Shared sanitation
Other unimproved on no sanitation
Source: Author.

Mid

High

RR

52.3%
1.3%
7.4%
39.0%
10%

52.3%
1.3%
7.4%
39.0%
15%

52.3%
1.3%
7.4%
39.0%
20%

0.72
1.0
0.86
1.0

52.4%
1.2%
7.4%
39.0%

52.5%
1.1%
7.4%
39.0%

52.5%
1.1%
7.4%
39.0%

0.72
1.0
0.86
1.0

The intervention would end OD among 72-145 thousand household members. The Potential
Impact Fraction (PIF) formula is applied to the data in table 5.3 to estimate health benefits
(see Annex 1), with estimated cases of 14-28 deaths and about 30-61 thousand cases of
diarrheal illness averted per year (table 5.4).
Table 5.4. Health benefits of intervention
Low
Individuals ending open defecation (000)
Averted deaths per year
Averted YLDs per year
Averted cases of diarrhea per year (000)
Source: Estimates by author.

Mid
72
14
31
30

High
109
21
47
45

145
28
62
61

The total annualized value of the health and productivity benefits of the intervention is
estimated at Rs. 0.7 – 1.6 billion (table 5.5). The value of averted deaths accounts for 16-31%
of total benefits. Health care cost savings, accounting for less than 2% of total benefits, are
estimated based on a diarrheal disease treatment rate of 30% and a treatment cost of Rs.
1,244 per case.
Productivity benefits in terms of averted lost work days (including caregiving by adults for ill
children) account for about 4-5% of total benefits. A loss of two work days are assumed to be
averted per case of diarrhea averted among the working population, valued at average wage
rates. Caregiving for children is valued at 50% of wage rates per day of child illness.
Productivity benefits in terms of time savings account for 64-77% of total benefits. Time
savings are 20 minutes per household member per day for those who no longer would
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practice open defecation (OD), as in the case of the previous sanitation intervention. These
time savings are valued at 50% of wage rates for all beneficiaries regardless of age.
Table 5.5. Value of benefits of intervention, Rs million per year
Low
Value of deaths averted
VSL
YLL=3*GDP per capita
Health care cost savings
Productivity benefits (averted lost work days)
Productivity benefits (time savings)
Total benefits, Rs million
VSL
YLL=3*GDP per capita
Note: Discount rate: 5%. Source: Estimates by author.

Medium

High

244
108
11
31
508

367
162
17
47
762

489
217
23
62
1,016

795
659

1,192
988

1,590
1,317

An alternative valuation of health benefits is presented in table 5.6. Averted mortality is
valued as in table 5.5. Reduced morbidity in terms of averted YLDs is, however, valued at 3
times GDP per capita instead of health care cost savings and averted lost work days and
caregiving. This gives 3% lower total benefits.
Table 5.6. Alternative value of benefits of intervention, Rs million per year
Low
Value of deaths averted
VSL
YLL=3*GDP per capita
Value of YLD averted
Productivity benefits (time savings)
Total benefits, Rs million
VSL
YLL=3*GDP per capita
Note: Discount rate: 5%. Source: Estimates by author.

Medium

High

244
108
23
508

367
162
34
762

489
217
46
1,016

775
639

1,163
959

1,550
1,278

5.3.3 Benefit-cost ratios
A comparison of benefits and costs, and benefit-cost ratios (BCRs) are presented in four
tables, as for the previous interventions. All tables use either VSL or the value of YLL at 3
times GDP per capita for valuation of averted deaths. All tables also include the value of time
savings. The two first tables use the cost-of-illness (COI) approach, i.e., health care savings
and productivity benefits, to value the benefits of averted illness. The two last tables use
valuation of YLDs as discussed above.
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BCRs using health care savings and productivity benefits are in the range of 0.6-3.1 (tables
5.7a-b). They are somewhat larger using VSL than valuation of YLL.
BCRs using YLD are in the range of 0.6-3.0 (tables 5.7c-d). They are again somewhat larger
using VSL than valuation of YLL.
Table 5.7a. Benefits and costs of intervention, Rs million per year and BCRs
VSL + health care and
productivity

3% discount rate

Benefit
Low
829
Mid
1,243
High
1,657
Source: Estimates by author.

Cost
267
671
1,873

5% discount rate

BCR
3.11
1.85
0.88

Benefit
795
1,192
1,590

Cost
262
673
1,907

8% discount rate

BCR
3.03
1.77
0.83

Benefit
748
1,123
1,497

Cost
258
679
1,963

BCR
2.91
1.65
0.76

Table 5.7b. Benefits and costs of intervention, Rs million per year and BCRs
YLL + health care and
productivity

3% discount rate

Benefit
Low
716
Mid
1,074
High
1,432
Source: Estimates by author.

Cost
267
671
1,873

5% discount rate
BCR
2.69
1.60
0.76

Benefit
659
988
1,317

Cost
262
673
1,907

8% discount rate
BCR
2.51
1.47
0.69

Benefit
597
896
1,194

Cost
258
679
1,963

BCR
2.32
1.32
0.61

Table 5.7c. Benefits and costs of intervention, Rs million per year and BCRs
VSL + YLD
Low
Mid
High

3% discount rate
Benefit
Cost
BCR
808
267
3.03
1,213
671
1.81
1,617
1,873
0.86

5% discount rate
Benefit
Cost
BCR
775
262
2.95
1,163
673
1.73
1,550
1,90
0.81
7

Benefit
729
1,094
1,459

8% discount rate
Cost
BCR
258
2.83
679
1.61
1,963
0.74

Source: Estimates by author.

Table 5.7d. Benefits and costs of intervention, Rs million per year and BCRs
YLL + YLD

3% discount rate
Benefit
Cost
Low
696
267
Mid
1,044
671
High
1,392
1,873
Source: Estimates by author.

BCR
2.61
1.56
0.74

5% discount rate
Benefit Cost
639
262
959
673
1,278
1,907

BCR
2.43
1.42
0.67

8% discount rate
Benefit
Cost
578
258
867
679
1,156
1,963

BCR
2.24
1.28
0.59

5.4 Assessment of Quality of Evidence
The dimensions that most importantly affect the estimated benefits and costs of the
intervention are presented in table 5.8. The quality of evidence of the benefits is discussed
before.

41

In terms of cost of intervention, the cost of ending OD (foregone benefit) is very uncertain
with limited evidence. As this is the key parameter driving the BCRs, the overall quality of
evidence regarding the intervention is limited.
Table 5.8. Quality of evidence
Quality of evidence
Benefits of intervention:
Baseline health data
Relative risks (RR) for health benefits
Valuation of mortality
Productivity benefits (time savings)
Cost of intervention:
Cost of ending OD (foregone benefit)
Total evidence
Source: Author.

Medium-Strong
Medium-Strong
Medium-Strong
Limited
Limited
Limited

6. Conclusion
This paper has evaluated the benefits and costs of four household drinking water and
sanitation interventions. The interventions were selected on the basis of coverage rates and
behavioral dimensions in the state. The benefit-cost ratios (BCRs) are found to be the largest
for improved urban drinking water supply and improved rural sanitation, followed by
improved urban sanitation, household point-of-use (POU) treatment of drinking water and
improved rural water supply.
The quality of evidence associated with these interventions range from “medium” to
“medium-strong”. A behavioral change campaign (BCC) promoting the use of existing
sanitation by all household members has a smaller BCR, and supported by only “limited”
quality of evidence.
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Table 6.1. Summary of the benefits and costs and interventions (Rs million annualized)
Interventions
1a

Discount

Benefit

Improved drinking water
supply - urban

Cost

BCR

Quality of
Evidence

3%
21,144
1,968
10.7
Medium
5%
20,294
2,280
8.9
8%
19,127
2,797
6.8
1b
Improved drinking water
3%
18,929
3,801
5.0
supply - rural
Medium
5%
18,167
4,403
4.1
8%
17,120
5,402
3.2
2
BCC promotion of household
3%
23,195
3,347
6.9
POU treatment of drinking
Medium5%
23,136
3,422
6.8
water*
Strong
8%
23,050
3,538
6.5
3a
Improved sanitation - urban
3%
34,941
5,422
6.4
Medium5%
33,527
5,441
6.2
Strong
8%
31,584
5,518
5.7
3b
Improved sanitation - rural
3%
215,880
25,998
8.3
Medium5%
207,151
26,683
7.8
Strong
8%
195,164
27,987
7.0
4
BCC promotion of use of
3%
1,243
671
1.9
existing sanitation facilities*
Limited
5%
1,192
673
1.8
8%
1,123
679
1.7
Notes: All figures use VSL for valuation of mortality benefits and cost-of-illness (COI) approach for valuation of
morbidity benefits. * “Mid” scenario. Source: Author.
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Annex 1. Health effects of unsafe drinking water and sanitation
Unsafe drinking water and sanitation (WAS) is directly and indirectly affecting population
health. Directly, unsafe WAS causes diarrheal infections and other health effects which in
turn lead to mortality especially in young children. Indirectly, unsafe WAS contributes to
poor nutritional status in young children through the effect of repeated diarrheal infections
(World Bank, 2008; Fewtrell et al, 2007; Larsen, 2007).13 Poor nutritional status in turn
increases the risk of child mortality or fatality rate from disease (Fishman et al., 2004; Black et
al, 2008; Olofin et al, 2013).
Direct effect
Pruss-Ustun et al (2014), based on a global review, presents a methodology for estimating
the diarrheal disease burden from unsafe WAS and the disease burden that can be expected
to be prevented from improved WAS. For drinking water, the (preventable) disease burden is
estimated relative to unimproved drinking water sources. For POU treatment (filtering or
boiling), the (preventable) burden is estimated in relation to type of drinking water supply.
For sanitation, a distinction is only made between unimproved and improved sanitation
facilities as studies of health risks of other sanitation dimensions are insufficient. The relative
risks of disease that are relevant for this paper are presented in tables A1.1-2.
For improved sanitation, however, a study of rural households in India by Andres et al (2014)
estimates a relative risk of 0.53 that includes both the direct health benefit of improved
sanitation to the household as well as the external health benefit to a community with high
sanitation coverage rates.
Table A1.1. Relative risk of diarrheal disease and mortality for drinking water source and POU treatment
Baseline drinking water source
Unimproved drinking water source
Improved drinking water source other
than piped to premise
Basic piped water to premise
Source: Pruss-Ustun et al (2014).

Improved drinking water
source other than piped
to premise
0.89

Basic piped
water to
premise
0.77

POU treatment
(filtering or boiling
and safe storage)
0.55

0.86

0.62
0.72

Table A1.2. Relative risk of diarrheal disease and mortality for sanitation
Baseline sanitation
Unimproved sanitation facility
Source: Pruss-Ustun et al (2014); Wolf et al (2014).

Improved sanitation facility
0.72

Indirect effect

13

Repeated infections, and especially diarrheal infections, have been found to significantly impair weight gains
in young children. Studies documenting and quantifying this effect have been conducted in communities with a
wide range of infection loads in a diverse group of countries. World Bank (2008) provides a review of these
studies.
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Estimating the indirect mortality effects of diarrhea from WAS is here undertaken in two stages. First,
the fraction of under-five child mortality attributable to child underweight is estimated. This follows
the methodology in Olofin et al (2013). Second, a fraction of under-five child mortality from
underweight is attributed to diarrheal infections from WAS in early childhood using the approach in
Fewtrell et al (2007).14
Estimates of increased risk of cause-specific mortality in children under five years of age with mild,
moderate and severe underweight is presented in table A1.3 based on Olofin et al (2013).
Table A1.3. Relative risk of mortality from severe, moderate and mild underweight in children under five
Severe

Moderate
Mild
Diarrhea
11.56
2.86
Acute lower respiratory infections (ALRI)
10.10
3.11
Measles
7.73
3.12
Malaria
1.29
1.65
Source: Olofin et al (2013). ALRI is acute lower respiratory infections. Relative risks are in
moderate and mild underweight according to the WHO Child Growth Standards.

None
1.73
1.00
1.85
1.00
1.00
1.00
1.26
1.00
relation to severe,

These relative risk ratios are applied to prevalence rates of child underweight to estimate attributable
fractions (AFj) of mortality by cause, j, from child underweight as follows:
n

AF j 

 P ( RR
i

i 1

i 1

i

 1)
(A1.1)

n

 P ( RR

ji

ji

 1)  1

where RRji is relative risk of mortality from cause “j” for children in each of the underweight
categories, i, in table A1.3; and Pi is the underweight prevalence rate.
Annual cases of mortality from child underweight by cause, “j” are estimated as follows:

M j  BDB j * AF j

(A1.2)

where BDBj is baseline annual cases of mortality from cause “j”. Annual cases of under-five child
mortality from diarrheal infections in early childhood (W) is then estimated as follows:
j m

W   j M j

(A1.3)

j 1

14

An alternative approach to estimating the fraction of mortality attributable to diarrheal infections from WAS is
the methodology developed in Larsen (2007) and World Bank (2008). This, however, requires estimation of
counterfactual prevalence rates of child underweight (prevalence of underweight in the absence of diarrheal
infections) from original survey data of child nutritional status. As the original survey data are often not readily
available, the approach in Fewtrell et al is here used instead. The approach in Fewtrell et al gives a somewhat
lower estimate of indirect mortality from WAS than the Larsen and World Bank methodology.
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where γj is the fraction of child underweight mortality (Mj) attributed to diarrheal infections in early
childhood. A value γj = 0.5 for ALRI, measles, and malaria is applied here based on Fewtrell et al
(2007).

Preventable disease burden from interventions
The potential impact fraction (PIF) formula is applied to estimate the preventable disease burden
from the drinking water and sanitation interventions evaluated in this paper:
n

PIF 

n

 Pi RRi   Pi ' RRi
i 1

i 1

(A1.4)

n

 P RR
i 1

i

i

where Pi is the pre-intervention population distribution by type of drinking water, POU
treatment, or sanitation; Pi’ is the post-intervention population distribution; and RRi is the
relative risk of disease and mortality in tables A1.1-2.
The preventable disease burden or health benefit (B) of interventions is then:
B = PIF * BDB

(A1.5)

where B is annual cases of mortality and morbidity prevented, BDB is the baseline disease
burden or annual cases of diarrheal disease mortality and morbidity in Andhra Pradesh.
Included in the BDB in this paper is also annual cases of typhoid and paratyphoid mortality
and annual cases of mortality (W) from the indirect effect discussed above.

48

As a new state, Andhra Pradesh faces a bright future, but it is still experiencing many acute social and
economic development challenges. It has made great strides in creating a positive environment for
business, and was recently ranked 2nd in India for ease of doing business. Yet, progress needs to be
much faster if it is to achieve its ambitions of becoming the leading state in India in terms of social
development and economic growth. With limited resources and time, it is crucial that focus is informed
by what will do the most good for each rupee spent. The Andhra Pradesh Priorities project as part of
the larger India Consensus – a partnership between Tata Trusts and the Copenhagen Consensus
Center, will work with stakeholders across the state to identify, analyze, rank and disseminate the best
solutions for the state. We will engage people and institutions from all parts of society, through
newspapers, radio and TV, along with NGOs, decision makers, sector experts and businesses to
propose the most relevant solutions to these challenges. We will commission some of the best
economists in India, Andhra Pradesh, and the world to calculate the social, environmental and
economic costs and benefits of these proposals

For more information visit www.APpriorities.com
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