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1. Introduction

The principal messages found in Part I of the Challenge Paper by Whittington et al. —that water
and sanitation services are expensive, and that conventional estimates of the value of economic
benefits from household-level service provision in low-income countries are minimal —may
strike some readers as provocative departures from the literature. Other recent papers dealing
with the economic benefits of water and sanitation, many inspired by the Millennium
Development process, have presented more sanguine conclusions regarding net benefits and
cost-effectiveness of water and sanitation investments (1-2). Hutton and Haller (3), for example,
concluded that the return on each US$1 investment in a range of water supply and sanitation
improvements ranged between US$5 and US$28; these benefits were found “in all world
regions” and none of the interventions considered yielded a benefit-cost ratio of less than 1. By
contrast, the Challenge Paper authors conclude that in many cases “the incremental benefit of
improved access to water and sanitation network infrastructure may simply not be large
enough to cover the cost” of providing that access.

The apparent divergence of these conclusions is explained in large part by the fact that any
number of interventions can be carried out under the guise of water and/or sanitation
improvements. The first part of the Challenge Paper focuses on the costs and benefits of “top
shelf” water and sanitation services, i.e., in-home piped water connections, toilets with sewer
connections, and wastewater treatment. By contrast, international development organizations
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tend to focus on the more modest goals of ensuring access to “improved” water supply and
“basic” sanitation as per the Joint Monitoring Programme definitions.? Disparities in both costs
and benefits should be expected when latrines are compared with sewerage and wastewater
treatment, and shared wells with in-home water network connections.

It is also the case, however, that the authors have understated the benefits of networked water
and sanitation services. Discussion of investments in piped water and sewer networks is
presented in the next section of the paper. The authors” analyses of three non-network water
and sanitation interventions —deep borewells with handpumps, community sanitation
programs, and household water treatment filters—are reviewed in Section 3. A brief discussion
of non-infrastructure investments designed to reduce water- and sanitation-related disease is
provided in Section 4, followed by a brief set of concluding remarks.

2. Water and sewer networks

The Challenge Paper authors rightly point out that rigorous economic evaluation is rarely
undertaken of water and sanitation interventions; one must rely on a literature that is replete
with associative data and anecdotes. The authors use four types of data in order to estimate the
economic benefits that accrue to households whose water supply and sanitation services are
improved. Three of these—prices charged for vended water, household expenditures related to
coping with poor services, and avoided costs of illness—are based on revealed preference (or,
roughly, “market”) data, while the fourth is grounded in stated preference information.

The authors do not consider the value of reduced risk of mortality from water- and sanitation-
related illness. This omission is particularly egregious given that this parameter accounts for
the majority (up to 80%) of the total economic benefits estimated for the non-network
interventions evaluated in Part II of the Challenge Paper. Recent work suggests that mortality
reductions resulting from the extension of piped water networks in urban areas can be
substantial. Cutler and Miller (1), for example, find that the provision of treated, piped water
supply was responsible for nearly half the total mortality reduction in major US cities between
1900 and 1940. The authors estimate a benefit-cost ratio of more than 23 (95% confidence
interval of 7 to 40) for these investments.

With respect to the data that are presented in the Challenge Paper analysis, the limitations of
stated preference (“willingness to pay” or contingent valuation) data for planning and policy
decisions have been well documented (4-5). Contingent valuation approaches suffer from
hypothetical bias for several reasons. A structured, one-hour survey with an individual head of
household bears little resemblance to households’ decision-making process about major
expenditure decisions such as infrastructure investment. Moreover, respondents do not face

2 http://www.wssinfo.org/en/122_definitions.html
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actual budget constraints when discussing “what if” scenarios, making the contingent valuation
approach prone to “yea saying” and inflated valuation estimates (6-8).

The revealed preference (market) data used by the authors might thus be expected to be more
reliable, assuming that prices of alternative services and avoided health care are reasonable
proxies for the value of improved water and sanitation services. There are several reasons why
this might not be the case, however. First, as noted by the Challenge Paper authors the
provision of these services generates external economic effects that are not fully reflected in
market prices. In such circumstances the relevant question for economic analysis is not whether
households themselves can or would pay the cost of improved services—which is how the
authors have framed their analysis—but whether the expenditures required for such upgrades
are greater than the value of the benefits they would generate, regardless of their distribution.

When analysis is limited to a microeconomic perspective that excludes consideration of both
reduced risk of mortality and external effects (as found in Part I of the Challenge Paper), the
conclusion that the net benefits of providing piped water, sewerage, and wastewater treatment
to unserved households are non-positive should not be surprising. In general the people who
currently lack access to water supply and sanitation services are poor. About one third of the
unserved live on less than US$1 per day, and another third on US$1 to $2 per day (9).
Moreover, the individuals who would benefit most from the increased availability of time
stemming from water and sanitation improvements are women and children. Using traditional
cost-benefit approaches, it becomes quickly apparent that the economic value of the poorest
segment of the world’s poorest families will be meager. Their budget constraint precludes large
(and meaningful) willingness-to-pay values, and their low earning potential translates into
small foregone wage values.

The types of external effects that can arise from water and sanitation service improvements
have been repeatedly enumerated but poorly quantified. Acknowledging the paucity of data on
external benefits, the Challenge Paper authors do not attempt to incorporate them in the
analysis. International development organizations have often made the same observations
regarding the difficulty of measuring external benefits from investment in water and sanitation,
but conclude instead that the magnitude of these benefits must far exceed the costs of service
improvements. Both of these approaches are unsatisfying: One ignores external effects (and
concludes that costs often exceed benefits), while the other imputes unfounded value to such
effects (and concludes that benefits exceed costs).

Improving our understanding of the health benefits (both direct and spill-over) of water and
sanitation interventions is particularly important given the continued decline in mortality and
rise in morbidity from water- and sanitation-related disease (Figures 1A and 1B). That is, the
percentage of person-days spent suffering from diarrhea is rising, but the case fatality rate
continues to fall. The Challenge Paper authors argue that the benefits of reducing non-fatal
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episodes of diarrhea comprise a very small proportion of the total benefits derived from water
and sanitation interventions. If true, and if trends in mortality and morbidity from water- and
sanitation-related illness persist, we would expect the net benefits of water and sanitation
investments to be decreasing over time, ceteris paribus.

It could be argued instead that the full costs of morbidity from water- and sanitation-related
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A second set of reasons why market data may not accurately reflect the value of water supply
and sanitation to households concerns the balance of power between men and women, both
within the home and in the public arena. In most households of low-income countries, males
have principal say over the family budget and expenditures. A considerable body of evidence
in the practitioner or “grey” literature has suggested that women give relatively greater priority
to water and sanitation services as compared to men (15). More rigorous academic work has
also demonstrated that women prioritize child welfare and the provision of public goods
relative to men (16). When women are given the opportunity to influence spending decisions,
either directly or through democratic institutions, evidence suggests that allocations to water
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supply and sanitation increase (17). In short, men—from whom the sort of market data that the
Challenge Paper authors draw upon for their analysis is typically generated —appear to be
highly imperfect agents for members of the household who tend to benefit the most from water
and sanitation improvements.

Third, the authors point to evidence that access to other public services such as electricity is
higher than to improved water supply and sanitation services as indicative of the relatively
lower demand for the latter. This reasoning assumes that the absence of evidence for demand
for water and sanitation services equates to evidence of absence of that demand. In some
settings, however, plausible rival explanations exist on the supply side. For example, a
substantial proportion of the hundreds of millions of people lacking access to water and
sanitation services in urban areas are located in neighborhoods that are considered
“unplanned” or “unregularized.” These communities are often located beyond the reach of
trunk infrastructure and/or are legally prohibited from receiving service improvements because
of their tenure status.

An example from South Asia can help to illustrate this point. One well-known infrastructure
upgrading project, the Slum Networking Project (SNP), was initiated in the Indian city of
Ahmedabad in 1997. Municipal Corporation engineers worked together with NGOs to offer a
bundle of infrastructure, environmental, and social services to slum households at affordable
prices. The Ahmedabad Municipal Corporation was willing to allow unregularized slums
located on city-owned land to participate; however, more than half of the unserved were
located on state- or privately owned land. These communities were considered ineligible for
participation in the project, regardless of residents’ interest in service improvements (18).

In sum, the authors have done a service by raising awareness of the full economic costs of
piped water, sewerage, and wastewater treatment services. Their reliance on market and
revealed preference data from households to estimate benefits, however, clearly results in
lower-bound values; it also brings into sharp focus the need for reliable evidence regarding
spillover and longer-term effects of water and sanitation improvements on health and
productivity.

3. Non-network water and sanitation interventions

The approach employed in Part II of the Challenge Paper is certainly innovative; it also
responds to a chronic lack of nuance in the literature regarding the conditions under which
particular water and sanitation investments are expected to yield positive net benefits. Any
reasonable “solution” will be effective in some settings and a failure in others. The authors’
focus on generating distributions of benefit-cost ratios as opposed to point estimates, as well as
their attention to characterizing the settings in which their chosen interventions appear most
promising, are thus well appreciated.
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That the authors” analytical approach is unique also gives rise to questions that cannot be
answered with information provided in the Challenge Paper. The selection of a uniform
distribution for all parameters in the model, for example, should be elaborated (e.g., whether
alternative distributions affect results). In addition, the ranges of parameter values included in
the models, as well as the standard deviation values, suggest less variation than some working
in the water and sanitation field might postulate. Finally, while acknowledging the authors’
time and resource constraints, the analysis would be strengthened by some comparison of the
model results with empirical data. For example, one could categorize available data for a
particular intervention based on the authors” “site attractiveness” criteria, and evaluate the
extent to which outcomes on the ground exhibit roughly the pattern implied by the simulation
results.

s

In the remainder of this section, a few other issues regarding individual parameters, as well as
the relationship among parameters, used in the authors” analysis are raised for consideration.

The value of life

As noted above, the Challenge Paper authors find that the majority (between 67-80%) of the
benefits for the community sanitation and point-of-use treatment interventions are derived
from reduced mortality, and that the economic value of mortality reductions is very sensitive to
their assumed value of a statistical life (VSL). The authors’ choice of US$30,000 for the base case
is not well substantiated, and is considerably lower than the values reported in other recent
work on this topic. For example, Viscusi and Aldy (19) estimate the value of statistical life

(VSL) for an individual in the US as US$7 million, with income elasticity of the VSL estimated to
fall between 0.5-0.6. These findings have been used to argue that lives in developing countries
should be valued at roughly 100 times per capita GDP (37). Setting aside possible moral
objections regarding the calibration of the VSL for lower-income populations and using regional
median values for per capita income, the implied values of a statistical life for sub-Saharan Africa
and South Asia range between 4and 16 times higher than those used in the Challenge Paper’s
analyses. Modest adjustments of the VSL would improve the (already attractive) interventions
considered by the authors. More importantly, as noted above inclusion of reduced mortality
risk into the authors” piped network analysis might well lead to different substantive
conclusions with respect to that level of service.

Incidence and reduction of diarrhea

The Challenge Paper authors” assumption of 0.9 cases of diarrhea per person per year is based
on data from various developing regions and may understate regional incidence, particularly in
Africa. Most incidence studies have restricted their focus to children less than five years old,
whereas the Challenge Paper authors are apparently including all household members. Even
considering the extrapolation required for comparison, the burden of diarrheal disease among
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the target population for the borehole intervention appears to be larger than that considered by
the authors. World Health Organisation data as well as literature reviews (20) have found
under-five diarrheal incidence in Sub-Saharan Africa to be on the order of five episodes per
child per year. Adjusting this parameter value would thus improve the benefit-cost ratio of the
borewell scenario in particular.

However, the authors” “base case” assumption of a 30% reduction in diarrheal incidence as a
result of a shared point source of water supply is probably optimistic (21). Even if the supply of
water at the well is relatively safe, water quality often deteriorates during transport and storage
(22). At the same time, the increased quantity of water to which a typical household will have
access provides an opportunity for improved hygiene (handwashing), which could reduce
transmission of diarrhea-causing illness if concomitant investments are made in handwashing
promotion (23). The net effect of the implied adjustments to the benefit-cost analysis of the
borewell intervention is unclear.

Decentralized water treatment

Water treatment at the point of use provides households with the opportunity to ensure that at
least a minimal quantity of water needed for drinking and cooking is of good quality. As the
Challenge Paper authors note, point-of-use (POU) treatment does not preclude the need to
bring water to the dwelling. At the same time, POU approaches may have the effect of
increasing the quantity of water available to a household for a given amount of time/effort, if
adoption of POU allows the household to access lower quality source water that is more
convenient to the home. In such cases it would be appropriate to incorporate the consumer
surplus on increased water use.

Correct, consistent use of POU technologies is critical to maintain the flow of health benefits
they can generate. Whereas the literature on POU technologies such as the Biosand filter
suggests very high levels of efficacy in laboratory settings, field tests reveal a more mixed
picture, as well as challenges in ensuring proper use (26). The Challenge Paper authors’
assumption of a 2% decline annually in use of the household filter thus seems optimistic. For
example, researchers from Cranfield University (27) found that 21% of a sample of Ethiopian
households had ceased use of their Biosand filters after five years. Brown and Sobsey (28)
found regular use of a ceramic filter —which admittedly requires more effort and recurrent
investment on the part of users—fell by 2% per month among a sample of Cambodian
households. Sensitivity analysis for this critical parameter is important for evaluating this
intervention option, but is missing from the Challenge Paper.

Threshold effects in sanitation
The community sanitation analysis requires an assumption regarding the relationship between

rates of household uptake and health outcomes for both participating and non-participating
families. The authors assume that, in a typical case, 28% of households will fully participate in a
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Total Sanitation program that is implemented in their community. “Full participation” is
assumed to mean completion of educational and motivational training and the construction of
an improved sanitation facility such as a latrine. Partial participation, which is estimated at an
additional 12% of households, entails completion of training and installation of improved
sanitation infrastructure, but limited or no use of the sanitation facilities installed. The typical
resulting health outcome for this level of full and partial participation is given as a 30%
reduction in diarrheal incidence for the entire community.?

Two concerns arise regarding about the conclusions of the Total Sanitation analysis. First, there
is evidence to suggest the existence of threshold effects of sanitation coverage on health
outcomes (24). There are very limited data on the relationship between changes in coverage
with improved latrine facilities and health outcomes (and even fewer regarding proper use of
such facilities). Impacts are mediated by users” behavior to a greater extent than the other
interventions considered, and will also vary with population density, topography, and source of
water supply. Such uncertainties should be better reflected in the authors” model, e.g., by
expanding the range of the diarrheal incidence reduction parameter and/or increasing its
standard deviation.

Second, given that Community Led Total Sanitation is really a suite of activities and
investments, it is difficult to discern the relative contribution of motivation and education versus
improved sanitation infrastructure to health outcomes. Given that the ratio of “software” to
“hardware” costs is on the order of 3 to 1, it would be very helpful to know whether smaller
investments in education and motivation could be made without diminishing the resulting
benefits, or conversely if promotion of improved hygiene practices without concomitant
hardware investments would reduce benefits substantially. This final point is discussed further
in the following section.

4, Non-infrastructure interventions

As the Challenge Paper authors note, it has been demonstrated in many settings that
improvements in water supply and sanitation services may be necessary but insufficient to
realize substantial improvements in health. Where reductions in diarrhea are not observed, a
common explanation has been the lack of concomitant changes in behavior (29-30). For water
supply improvements that entail water transport and storage by household members —which
characterize the majority of interventions occurring in developing countries today —safe water
management and hygiene practices are required to prevent re-contamination of supply (21).

3 Research on Total Sanitation approaches is very limited; however, evidence from the processed
literature suggests that participation rates higher than those assumed by the Challenge Paper authors are
observed at least in some locations. One evaluation of 13 communities in Nigeria, for example, found a
median 80% participation rate in training and latrine construction, although data on consistency of latrine
use were not provided (25).
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Investments in improved sanitation are maximized when users have the knowledge, ability,
and motivation to wash their hands after defecation.

Historically hygiene promotion has received limited attention in water and sanitation projects.
For example, less than 1% of the US$5.5 billion in support for water and sanitation projects
provided by the World Bank during the period 1978-2003 was spent on health education or
behavior change activities (31). In recent years, however, there is growing interest in the
potential for hygiene promotion programs to make substantial contributions to health, whether
in parallel with infrastructure improvements or as stand-alone interventions.

Evidence regarding the efficacy of handwashing in reducing diarrheal incidence is compelling,
with typical impacts surpassing the median 30% reduction that the Challenge Paper authors
employ for analysis of the non-network interventions. A meta-analysis by Curtis and
Cairncross (32), for example, found that handwashing with soap reduces the risk of diarrhea by
42-47%. A randomized controlled trial in Pakistan found outcomes of this magnitude for both
diarrhea and pneumonia incidence among children (33).

Less information is available regarding the economic costs and benefits of hygiene promotion
programs. Hygiene promotion has been identified as a relatively cost-effective option for
reducing child and infant mortality (34-36); however, evidence regarding full economic costs
and benefits is too limited to enable direct comparison with the other interventions considered
in the Challenge Paper.

Just as the sustaining of benefits from improved water supply and sanitation services are
dependent on adequate maintenance of installed infrastructure, the benefits of hygiene are
realized only so long as households continue to practice handwashing at critical times. The
period over which behavior change is sustained will have a major effect on the net benefits of a
given program. Long-term compliance with hygiene regimens appears to be a challenge in at
least some settings, and thus the recurrent costs of effective hygiene programs may be
substantial. With those caveats, it seems that hygiene promotion is deserving of greater
consideration as a “water and sanitation” intervention in its own right.

5. Conclusions

Clearly there remains much to be learned about the impacts of water and sanitation
improvements on health and welfare, both at the household and the national level. As
demonstrated in the Challenge Paper, however, several types of investment have been shown to
be economically attractive (within appropriate settings), even with an analytical approach that
is restricted to localized and estimable benefits. Among the 1.2 and 2.6 billion persons lacking
access to water supply and sanitation services, respectively, roughly 80% live in low-density

“rural”) areas. The non-network interventions evaluated by the Challenge Paper authors
appear particularly well suited for these types of communities.
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The dangers of imputing unsubstantiated values to water and sanitation improvements were
discussed above. Nevertheless, it is important to consider what is at stake in a world where two
out of every five persons do not have even a basic pit for defecation, and two in ten cannot
obtain safe drinking water. Certainly it is greater than health care costs and lost earnings.
Certainly the impacts of poor water and sanitation are felt by others than the potential
“beneficiaries” who have been considered in this exercise. Many groups and individuals have
committed substantial resources to extending services to poor households, often in other parts
of the world. They are motivated in part by belief in the economic returns to such investments,
but also by moral and religious imperatives that value human dignity, compassion, and
solidarity. As Simon (37) has noted, economic analysis which incorporates, rather than assumes
away, the existence of such altruism and external effects would “have the merit of describing
the world in which we actually live.”

10
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