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Abstract

Although several factors contribute to low rates of access to improved water and sani-
tation in the developing world, it is especially important to understand and measure
household demand for these services. One valuable source of information regarding
demand is the growing empirical literature that has applied stated preference methods
to estimate households’ willingness to pay (WTP). Because it is difficult to generalize
and support planning based on this scattered literature, we conduct a meta-analysis to
take stock of the worldwide sample of household WTP for improved drinking water
services. Using 171 WTP estimates drawn from sixty studies, we first describe this
sample and then examine the potential factors that explain variation in WTP estimates.
Our results suggest that households are willing to pay between approximately $3 and
$30 per month for improvements in water access. Specifically, in line with economic
theory and intuition, WTP is sensitive to scope (the size of the change in drinking water
services), as well as household income, and stated-preference elicitation method. We
demonstrate how our results can be used to predict household-level WTP for selected
improvements in drinking water access in regions with low coverage, and find that
private benefits exceed the cost of provision.
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1 Introduction

For decades, the international community has recognized the widespread problems asso-
ciated with inadequate water and sanitation. Yet, nearly 700 million people lack access
to improved water supplies and almost 2.5 billion people lack adequate sanitation even
today (WHO/UNICEF, 2015). The burden of disease imposed by inadequate water sup-
ply and sanitation services (WSS) largely falls on the developing countries of Asia, and
central and southern Africa (Figure 1), and these health impacts are likely to worsen with
global warming and climate change (Confalonieri et al., 2007; Haines et al., 2006). The
international community initially responded to this problem by pledging to reduce the
percentage of people living without basic water and sanitation services by half as part
of the Millennium Development Goals (MDGs) (United Nations, 2007). A commitment
to ensure universal and equitable access to safe and affordable drinking water has been
upheld in the recently-adopted Sustainable Development Goals (SDGs) (United Nations,
2014). However, appraisals show that very few WSS are resilient to climate change and
that the threat of climate change itself may become a major driver for improving service
quality and adapting to changing conditions (Howard et al., 2010).

Unfortunately, regions that struggle with a lack of access to improved water services
also face a host of other socioeconomic challenges, such as low income, energy poverty,
poor education, and high rates of respiratory illness due to poor air quality. Because there
are so many margins for improvement, the opportunity costs of sector-specific interventions
(such as WSS delivery) can be especially high. Without a meaningful understanding of the
nature and scale of the benefits of WSS, policy-makers cannot determine the optimal level
of support for this sector. The planning and delivery of water and sanitation interventions
must rely on economic principles of demand (Gunatilake et al., 2007; Whittington and
Pattanayak, 2015). Therefore, we review and synthesize the evidence base for household
demand and willingness to pay (WTP). As the global agenda refocuses on achieving the
SDGs and WSS remain front and center, our analysis of household demand is timely.

Although several socioeconomic, political, and demographic factors contribute to low
rates of access to WSS in the developing world, it is important to understand and measure
the economic benefits associated with improved access to drinking water. One valuable
source of information regarding these benefits is the extensive empirical literature that
has applied stated preference (SP) methods to estimate households’ WTP for improved
access (Gunatilake et al., 2007). Another potential source of WTP information is from
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Figure 1: Diarrheal disability-adjusted life years (DALYs) as percentage of all-cause DALYs

(4.88,12.82]
(1.23,4.88]
(0.50,1.23]
[0.15,0.50]

Note. This figure presents country-level diarrheal diseases DALYs as a fraction of all-cause DALYs for the year
2012. Data on DALYs obtained from the World Health Organization (2014).

revealed preferences (RP) studies on averting and preventive behaviors. However, there
are at least two concerns with relying on RP studies. First, as shown by Pattanayak et al.
(2010), there are simply too few RP studies from developing countries to develop any broad
understanding of global demand for WSS. In addition, where there is no historical data,
RP methods may not inform policies for improved supply of safe, reliable, and sufficient
water in low-coverage regions. By definition, new government policies and new products
are beyond the range of historical experience, setting up the case for SP studies (Whitehead
et al., 2008). Second, unlike SP studies, RP studies do not provide estimates of total WTP
for improved WSS because they fail to capture potentially important subcomponents of
value, such as avoided pain and suffering due to illness, and nonuse values. Furthermore,
concerns relating to biases in SP data can be directly examined by evaluating how study
design features influence WTP estimates, e.g., multivariate regression analysis of multiple
WTP estimates from multiple SP studies.

This study uses meta-analysis to first describe and then summarize results from sixty SP
WTP studies conducted in different parts of the world. As prefaced, such a meta-analysis
allows us to take stock of the literature on household demand for improved WSS. Meta-
regression analysis allows us to accomplish two other goals (Smith and Pattanayak, 2002):
(1) examine a range of potential factors that explain variation in WTP estimates, including
testing basic theory; and (2) predict household-level WTP for selected improvements in
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drinking water access and services. In this capacity—and, specifically, by comparing our
WTP estimates to current costs of supply in different parts of the world—we comment on
the prospects for implementing water and sanitation policies in line with the SDGs.

This paper proceeds as follows: Section 2 offers a brief background of meta-analysis
and its application to nonmarket valuation of water and sanitation services; Section 3
presents an overview of our study-screening procedure and dataset; Section 4 describes
our meta-regression models; Section 5 presents results; Section 6 presents estimates of costs
and benefits of enhancing access to water services; and Section 7 concludes.

2 Background

Meta-analysis represents a set of methods that are now widely used to synthesize and
integrate results from collections of individual studies. Although it originally evolved
and has primarily been applied in the fields of health sciences and medical research, it
has become increasingly popular in social science applications. In economics, the most
widespread application of the meta-analytic approach is meta-regression analysis, where a
common summary statistic from a set of studies investigating an empirical relationship is
regressed on study-specific characteristics (such as study design or sample size) (Nelson
and Kennedy, 2009). Such an exercise sheds light on what drives heterogeneity across
different study sites and contexts, and is motivated in large part by the need for relatively
low-cost and transferable benefit estimates to support economic analyses of a wide range
of public programs and policies (Bergstrom and Taylor, 2006). Prominent applications
include evaluations of gender-based wage discrimination (Stanley and Jarrell, 1998), the
relationship between institutions and economic performance (Efendic et al., 2011), and the
impact of environmental regulation on firms (Horváthová, 2010). Unsurprisingly, meta-
analysis of nonmarket valuation and WTP studies has been a particularly active area of
research (Boyle et al., 2013; Brander et al., 2006; Smith and Pattanayak, 2002; Van Houtven,
2008).

Although the empirical literature measuring households’ WTP for improvements in
drinking water services and access is now extensive, going back over two decades and
including studies from all over the world, to our knowledge there is no peer-reviewed,
published meta-analysis of this literature.1 As such, a critical need exists to take stock of

1In an unpublished Ph.D. thesis, Ukoli-Onodipe (2003) analyzed results from twenty studies on WTP for
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and summarize results from a large and sometimes disparate group of studies to guide our
understanding of the perceived benefits of access to improved water services.

3 Data

Data for meta-analysis must be primarily drawn from information reported in existing
studies and publications (Whitehead et al., 2008). Therefore, the first step was to identify
and screen candidate studies for inclusion in the analysis. We initially identified and
acquired nearly 100 potential candidate publications using Internet searches of the scholarly
literature using key words such as “WTP,” “willingness to pay,” “contingent valuation,”
“sanitation,” and “drinking water.” Following the established protocol in the meta-analysis
literature, we also used citation and reference lists linked to these studies to identify
additional candidates.

As we acquired the studies, we screened them more thoroughly and selected the
ones that met the following two main criteria: (1) they applied contingent valuation (CV)
methods in low- or middle-income countries to measure individuals’ or households’ values
for improved drinking water services; and (2) they reported at least one average WTP
estimate for a specific sample population and defined improvement in water services. We
included both peer-reviewed and “grey literature” publications to minimize publication
bias.

Using information from the selected studies, we then created a database of WTP
estimates. Each observation in the database corresponds to a single average WTP estimate
reported in the literature. To characterize each observation, we created fields to capture the
following information:

• bibliographic data for the source study/publication;
• WTP estimate, including information about the units, currency, year, frequency, and

duration of payments;
• valuation method, including information about the value elicitation format;
• survey method;
• baseline drinking water conditions for survey respondents, including payments;

improved water services (including both drinking water and sanitation improvements). Although the study
provides a basis for synthesizing WTP estimates, it is limited by a relatively small sample size, and does not
investigate the robustness of results using alternative regression model specifications as we do.
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Figure 2: Average willingness to pay estimates for sample study countries as percentage of
GDP per capita

(0.64,8.96]
(0.23,0.64]
(0.10,0.23]
[0.01,0.10]
No data

Note. This figure presents country-level averages of all willingness-to-pay estimates for improvements in
water access in our sample of studies as a fraction of GDP per capita. Willingness to pay estimates are per
household per month, and normalized to 2008 USD calculated at purchasing power parity (PPP). Data on 2008
GDP (PPP) per capita are obtained from the World Bank (2016).

• “commodity description,” including information about each hypothetical drinking
water service improvement offered to respondents, and the payment conditions;

• study location and year; and
• sample population characteristics, including average household income, household

size and percentage urban/rural, and male/female.

To populate this database, WTP estimates and supporting information were highlighted
in each publication and then recorded manually into a spreadsheet. To ensure the accuracy
and consistency of these inputs, each data entry was individually verified and, as necessary,
corrected.2

Figure 2 offers an overview of the global distribution of our sample studies and average
country-level WTP estimates. The WTP database consists of 171 WTP estimates drawn
from sixty valuation studies. Table 1 provides an overview of these studies. They were

2Each coded entry for each of our sample studies (i.e., the WTP estimate, corresponding sample size,
baseline drinking water conditions, household income, etc.) was individually verified to confirm that the data
extracted from the relevant studies had been correctly entered into our dataset. This involved independently
creating two versions of our proposed dataset, and then comparing these two versions for consistency. Where
inconsistencies between entries in these two preliminary versions of the dataset existed, the original study was
referenced once again, and the inconsistency corrected prior to finalization.
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Table 1: Summary of drinking water valuation studies included in the meta-analysis

Publication Country Study Year WTP estimates

1 Aguilar and Sterner (1995) Costa Rica 1993 3
2 Akram and Olmstead (2011) Pakistan 2007 5
3 Al-Ghuraiz and Enshassi (2005) Gaza (Israel) 2001 5
4 Altaf et al. (1992) Pakistan 1988 17
5 Altaf (1994) Pakistan 1990 2
6 Arouna and Dabbert (2012) Benin 2007 1
7 Bilgic (2010) Turkey 2007 2
8 Boadu (1992) Ghana 1989 12
9 Bohm et al. (1993) Philipinnes 1987 5
10 Briscoe et al. (1990) Brazil 1987 6
11 Casey et al. (2006) Brazil 2001 4
12 Choe and Varley (1997) India 1995 2
13 Chowdhury (1999) Bangladesh 1998 4
14 Davis (2004) Ukraine 1996 4
15 del Saz-Salazar et al. (2015) Bolivia 2011 1
16 Dutta (2005) India 2004 1
17 Egziabher and Adnew (2007) Ethiopia 2006 2
18 Fissha (2006) Ethiopia 2006 2
19 Fujita et al. (2005) Peru 2003 2
20 Genius and Tsagarakis (2006) Greece 2004 1
21 Genius et al. (2008) Greece 2004 1
22 Goldblatt (1999) South Africa 1994 1
23 Gunatilake and Tachiiri (2012) Bangladesh 2009 1
24 Hoehn and Krieger (2000) Egypt 1995 2
25 Hopkins et al. (2004) Rwanda 2000 1
26 Kadisa (2013) Botswana 2013 2
27 Kaliba et al. (2003) Tanzania 2001 1
28 Kanyoka et al. (2008) South Africa 2005 3
29 Katuwal and Bohara (2007) Nepal 2005 2
30 Lauria et al. (1995) Venezuela 1995 1
31 McPhail (1993) Morocco 1990 5
32 McPhail (1994) Tunisia 1990 1
33 Nam and Son (2005) Vietnam 2003 2
34 Pattanayak et al. (2001) Nepal 2001 3
35 Pattanayak et al. (2004) Sri Lanka 2003 4
36 Perez-Pineda and Quintanilla-Armijo (2013) El Salvador 1999 1
37 Peters and Mohamed (2010) Guyana 2010 1
38 Pinheiro and Whittington (1995) Mozambique 1994 4
39 Reddy (1999) India 1993 6
40 Rosado (1998) Brazil 1996 1
41 Shah (2003) Tanzania 2003 1
42 Singh et al. (1993) India 1988 1
43 de Oca and Bateman (2006) Mexico 2001 2
44 Stoveland and Bassey (2000) Nigeria 1997 1
45 Tussupova et al. (2015) Kazakhstan 2012 4
46 Vaidya (1996) India 1994 1
47 Vásquez et al. (2009) Mexico 2008 2
48 Vásquez et al. (2012) Nicaragua 2009 1
49 Vásquez and Franceschi (2013) Nicaragua 2009 2
50 Vásquez (2014) Guatemala 2012 1
51 Virjee (2006) Trinidad and Tobago 2003 2
52 Wang et al. (2010) China 2006 1
53 Wasike and Hanley (1998) Kenya 1995 4
54 Whittington et al. (1989) Tanzania 1988 12
55 Whittington et al. (1990a) Haiti 1986 2
56 Whittington et al. (1990b) Nigeria 1989 6
57 Whittington et al. (1991) Nigeria 1987 1
58 Whittington et al. (1992) Ghana 1989 1
59 Widiyati (2011) Indonesia 2011 1
60 Wright et al. (2014) Uganda 2011 1
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conducted in a total of 41 different countries between 1986 and 2013. The number of WTP
estimates drawn from each publication ranges from one to seventeen, with an average
(median) of 2.85 (2) estimates per study. Multiple WTP estimates from a single study were
only included in the database if they were (1) estimated for different changes in drinking
water services, or (2) based on distinct, nonoverlapping subsamples of households (e.g.,
households living in separate geographic parts of the study area). If these conditions
were not fulfilled, multiple estimates covering same subsample of households were either
dropped or averaged into one estimate.

4 Meta-regression models

As mentioned earlier, using meta-regression methods, it is possible to summarize and
synthesize a large number of WTP results from several studies. More importantly, it allows
us to explore the sources of variation in these WTP estimates. Specifically, meta-regression
can be used to address the following questions:

• To what extent is the variation in WTP estimates systematically and significantly
related to observable factors?

• Do these factors affect WTP in ways that are consistent with expectations and eco-
nomic theory?

If meta-regression reveals a strong systematic and consistent pattern underlying WTP
estimates, then the results can also provide a useful framework for predicting average
WTP under alternative conditions for planning purposes.

To establish a consistent definition for the variables expressed in monetary terms—WTP
and household income—these estimates were converted to average monthly values in
USD using the purchasing power parity (PPP) rate for the currency and year reported in
the study. All USD values from previous years were then updated to 2008 USD using the
US consumer price index (CPI). Generally speaking, the PPP is preferable to the official
currency exchange rate for international price comparisons and benefit transfers because it
is specifically designed to measure relative purchasing power of the currency (Pattanayak
et al., 2002).3

3The meta-regression results in this application are very similar when an exchange rate conversion is used
since the PPP and exchange rate are highly correlated for the years and countries included in the analysis.
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Table 2 describes the variables created from the WTP database and used in the meta-
analysis, while Table 3 reports summary statistics for these variables. The variable WT-
PINCR represents the average incremental monthly WTP for improving drinking water
services from baseline conditions to the service level proposed in the SP scenario. Some
studies elicit and primarily report the total WTP for the final service level. For these
studies, WTPINCR was constructed by deducting the baseline payment levels reported
in the studies. The resulting WTPINCR variable ranges in value from $0.02 to over $154,
with an average (median) value of $19 ($10.50). Partly because of its rightward skewness,
we used the natural log of this variable, LNWTPINCR, as the dependent variable in our
regression analyses.

The explanatory variables used in the analysis include a dummy variable (PRIVTAP)
that equals one if the elicited improvement in drinking water services corresponding to
each WTP estimate refers to the provision of private, in-home tap water; if, on the other
hand, a particular WTP estimate has been recovered using a CV question that looks at
WTP for improved public drinking water sources, its corresponding value for PRIVTAP is
coded as zero.

We also include controls for households’ baseline access to water services. The main
objective of this to test for scope effects. If—as theory would predict—average WTP for
improved drinking water services is positively related to the magnitude of the elicited
water-services improvement, including these allows us to control for differences in the
marginal value of service improvements associated with differences in reference conditions.
Thus, three additional dummy variables (BASELINE1, BASELINE2, and BASELINE3)
capture the three main levels of existing water services described in the studies, respectively:
(1) unimproved drinking water source; (2) public tap; and (3) private water connection.4

Specifically, BASELINE1 equals one if the primary source of water for a majority of the
sample is unimproved; BASELINE2 equals one if a majority has access to public drinking
water sources; and BASELINE3 equals one if a majority has access to a private drinking
water connection. Approximately 25 percent of the WTP estimates in our database are
elicited from households with no access to improved water sources, 45 percent are from
those with some access to a public water source, and thirty percent are from those with

4In our specifications in Table 4, we drop BASELINE1 to avoid perfect multicollinearity. Thus, the coeffi-
cients on BASELINE2 and BASELINE3 may be interpreted as the impact on average willingness to pay of
households’ access to public and private water sources, respectively, relative to access to only unimproved
sources.
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Table 2: Variable descriptions

Variable Description

WTPINCR Average monthly household WTP for elicited drinking water service
improvement (2008 PPP USD)

LNWTPINCR ln(WTPINCR)
HHINC Average monthly household income in sample (2008 PPP USD)
LNHHINC ln(HHINC)
BASELINE1 = 1 if baseline water condition for a majority of the study sample is

unimproved source
BASELINE2 = 1 if baseline water condition for a majority of the study sample is

public source
BASELINE3 = 1 if baseline water condition for a majority of the study sample is

private source
PRIVTAP = 1 if WTP elicited for private connection
HHINCMISS = 1 if data on average household income is missing
URBAN Percentage of sample that is in an urban area
URBDUMMY = 1 if percentage of sample that is in an urban area ≥ 50
HHSIZE Average household size of sample
MALE Percentage of males in sample
BID = 1 if bidding game elicitation format was used
DICH = 1 if dichotomous choice elicitation format was used
AFRICA = 1 if study was conducted in Africa
MIDEAST = 1 if study was conducted in the Middle East
AMERICA = 1 if study was conducted in the Americas
ASIA = 1 if study was conducted in Asia
EUROPE = 1 if study was conducted in Europe
STUDYAGE Age of the study in 2016 (years)
PUBLISHED = 1 if published in a journal
SMPLSIZE Size of the study sample used to estimate WTP

Note. PPP = Purchasing power parity.

some access to a private water source (see Table 3).
A limitation of constructing the BASELINE1, BASELINE2, and BASELINE3 variables

is that they do not reflect the baseline drinking water conditions for the entire sample
of households in our identified studies. As such, in some instances, they may present
a somewhat limited picture of actual conditions. For example, the underlying samples
used to create BASELINE3 (representing some access to a private water connection by
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Table 3: Descriptive statistics

VARIABLES MEAN P5 P25 P50 P75 P95 SD MIN MAX

WTPINCR 19.0 1.50 5.52 10.5 21.3 72.6 23.8 0.015 154.9
LNWTPINCR 2.35 0.41 1.71 2.35 3.06 4.28 1.19 -4.20 5.04
HHINC 781.3 31.2 296.5 727.8 999.2 2086.1 680.8 31.2 3584.8
LNHHINC 6.15 3.44 5.69 6.59 6.91 7.64 1.22 3.44 8.18
BASELINE1 0.25 0 0 0 1 1 0.44 0 1
BASELINE2 0.45 0 0 0 1 1 0.50 0 1
BASELINE3 0.30 0 0 0 1 1 0.46 0 1
PRIVTAP 0.74 0 0 1 1 1 0.44 0 1
HHINCMISS 0.14 0 0 0 0 1 0.35 0 1
URBAN 47.0 0 0 40.1 100 100 48.0 0 100
URBDUMMY 0.47 0 0 0 1 1 0.50 0 1
HHSIZE 6.21 3.90 4.95 5.89 7.20 9.50 1.81 2.90 12.0
MALE 0.53 0.29 0.50 0.50 0.59 0.75 0.14 0.051 0.91
BID 0.59 0 0 1 1 1 0.49 0 1
DICH 0.25 0 0 0 1 1 0.44 0 1
AFRICA 0.33 0 0 0 1 1 0.47 0 1
MIDEAST 0.088 0 0 0 0 1 0.28 0 1
AMERICA 0.18 0 0 0 0 1 0.39 0 1
ASIA 0.37 0 0 0 1 1 0.48 0 1
EUROPE 0.036 0 0 0 0 0 0.19 0 1
STUDYAGE 19.8 5 13 22 27 29 8.06 3 30
PUBLISHED 0.58 0 0 1 1 1 0.49 0 1
SMPLSIZE 284.3 18 89 150 324 997 395.4 2 3677

Observations 171

a majority of the sample) range from about 55 percent for a sample of households in
Shoshong, Botswana as documented by Kadisa (2013), to full connectivity to a private
water system for one in Matiguás, Nicaragua as documented by Vásquez et al. (2012).5

Moreover, these variables cannot fully capture differences in baseline quality—such as

5This underlying variability helps explain why a particular study may be coded as having BASELINE3
= 1 and PRIVTAP = 0, i.e., investigating WTP for enhancing access to public drinking water sources for
households that largely have some private water access. Enhanced access to public services need not be
perceived as a “reduction” in services for such communities; households facing unreliable private access, or
those in communities with significant heterogeneity in access may indeed perceive benefits from improved
access to alternate sources of drinking water, as we show in Table 5.
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water reliability, pressure, color, or taste—that may also be important determinants of the
benefits that accrue to households from enhanced access (Jeuland et al., 2015; Yang et al.,
2006). We note, however, that a majority of the studies we identify report multiple WTP
estimates for distinct subsamples (such as households with or without a private water
connection). In instances where the water access characteristics of the subsample are clearly
defined, we are able to assign more accurate baseline drinking water conditions to the
corresponding WTP estimate. Thus, while admittedly somewhat limited, our approach
to specifying baseline drinking water conditions allows us to balance statistical power
concerns with our aim of gaining new insights from the literature on demand for improved
drinking water access.

Four main sample characteristic variables (HHINC, URBDUMMY, HHSIZE, and MALE)
are also included as explanatory variables.6 Assuming drinking water services are a normal
good, average household income is expected to have a positive effect on WTP. The mean
(median) value of average monthly household income across study samples is $781 ($728)
after 24 observations with missing data on household income are replaced with the sample
mean of non-missing observations. A dummy variable (HHINCMISS) is included to
account for the potential effect of these missing data. The expectations regarding HHSIZE,
URBDUMMY, and MALE are less clear-cut than for household income.

Further, two CV elicitation method variables (BID and DICH) are included, with the
omitted category being open-ended elicitation.7 Finally, four regional dummy variables
(AFRICA, MIDEAST, ASIA, and AMERICA) and two general publication descriptors
(STUDYAGE and PUBLISHED) are also included.8

5 Results

We summarize our meta-regression results in Table 4. We estimate the regressions using
weighted least squares where each WTP data point is weighted according to the size
of the underlying sample used (SMPLSIZE). In essence, this approach assumes that the

6URBDUMMY is coded as a dummy variable that equals one if at least half of the relevant subsample of
households for each WTP estimate is located in an urban area (i.e., URBAN ≥ 50).

7The stated preference elicitation approaches we observe in our collected studies (bidding game, dichoto-
mous choice, and open-ended elicitation formats) map on to the stated preference nomenclature proposed by
Carson and Louviere (2011)—namely, bidding game, binary/multinomial choice question, and direct question,
respectively. We point readers to this work for additional insights.

8The EUROPE regional dummy variable is omitted in our meta-regression.
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variance of the WTP estimates is inversely proportional to the magnitude of the underlying
sample sizes.9 In addition, to account for the panel structure of the data (i.e., multiple WTP
estimates from individual studies), the standard errors are clustered by “study” using a
Huber-White method. These are well-established methods for meta-regression analyses of
WTP data (Nelson and Kennedy, 2009; Van Houtven et al., 2007).

Table 4 reports results for the full sample (N = 171) and for six different model
specifications. Model (1) is our most parsimonious specification, only including the log of
household income (LNHHINC) and a dummy variable for whether the elicited offer for
the relevant estimate asks about access to a private or public source (PRIVTAP). The effect
of income is positive and highly statistically significant. While the coefficient on PRIVTAP
in model (1) is positive—suggesting a willingness to pay a price premium for access to a
private connection—the result is not statistically significant. It is only when we control
for households’ baseline water access level by including the BASELINE2 and BASELINE3
dummy variables in model (2) do we see a clear, statistically significant pattern emerge. We
find that households are more willing to pay for private water connections than public ones.
In addition, our results strongly suggest that households’ WTP for proposed improvements
in water access declines as their baseline water availability improves. Thus, WTP estimates
appear to be sensitive to scope; they are systematically larger for larger improvements in
drinking water services.

To further examine the robustness of the regression results to model specification, in
models (3)-(6) we sequentially introduce a variety of additional controls related to demo-
graphic characteristics; survey elicitation methods; global regions; and, finally, publication
characteristics. Our results are consistent across all further model specifications and robust
to the addition of these controls. We also find that the coefficient on the DICH dummy
variable is positive and highly statistically significant in each of the specifications in which
it is included. As noted by Carson et al. (2001), dichotomous choice questions attempting
to elicit willingness to pay for private or quasi-public public goods face a high rate of
“yes” responses since such responses increase the likelihood that the good will be provided
while allowing for purchase decisions to be delayed until later, effectively enhancing the
choice set at no cost. Our results are consistent with this hypothesis and prior empirical
results, suggesting that dichotomous choice formats do indeed induce “yea-saying” by
respondents and, thus, yield relatively high WTP values, and that open-ended formats

9Very few of the studies report variance or standard error estimates for the estimated WTP values; therefore,
weighting according to sample size was used as a second-best approximation.
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Table 4: Willingness to pay meta-regression results

VARIABLES (1) (2) (3) (4) (5) (6)

LNHHINC 0.321** 0.347** 0.329** 0.246* 0.248* 0.272*
(0.153) (0.137) (0.149) (0.143) (0.145) (0.157)

PRIVTAP 0.177 0.859** 0.797** 0.890*** 0.886** 0.949**
(0.504) (0.360) (0.315) (0.332) (0.338) (0.363)

BASELINE2 -1.133*** -0.971*** -1.088*** -1.075*** -1.118***
(0.324) (0.327) (0.339) (0.356) (0.341)

BASELINE3 -1.418*** -1.315*** -1.384*** -1.397*** -1.455***
(0.337) (0.347) (0.399) (0.435) (0.441)

HHINCMISS -0.168 0.205 0.196 0.156
(0.388) (0.307) (0.322) (0.343)

URBDUMMY 0.328 0.209 0.251 0.116
(0.228) (0.265) (0.249) (0.236)

HHSIZE 0.0478 0.0637 0.0696 0.0732
(0.0710) (0.0690) (0.0764) (0.0780)

MALE -0.390 -0.168 0.256 0.315
(0.793) (0.822) (0.907) (1.114)

BID 0.450 0.440 0.605
(0.422) (0.424) (0.414)

DICH 0.933*** 0.931*** 0.965***
(0.310) (0.323) (0.334)

AFRICA -0.0541 -0.262
(0.531) (0.549)

MIDEAST -0.131 -0.213
(0.425) (0.495)

AMERICA 0.164 -0.0399
(0.453) (0.499)

ASIA -0.154 -0.418
(0.546) (0.587)

STUDYAGE -0.0214
(0.0208)

PUBLISHED -0.184
(0.269)

Constant 0.332 0.679 0.454 0.237 -0.00566 0.461
(0.934) (0.773) (1.075) (1.114) (1.299) (1.202)

Observations 171 171 171 171 171 171
R-squared 0.084 0.219 0.240 0.310 0.318 0.332

Note. This table presents weighted least squares regression results for the full sample of willingness to pay
(WTP) estimates; each estimate is weighted by its underlying sample size. The dependent variable for each
model is LNWTPINCR. Standard errors are clustered at the study level and shown in parentheses. *** p<0.01,
** p<0.05, * p<0.1
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induce respondents to understate their true maximum WTP (Carson, 2000; Holmes and
Kramer, 1995).

We find no statistically significant differences in WTP across regions per se (that is,
controlling for other socio-demographics that differentiate the regions). The estimated
effect of household size is positive but also not statistically significant. Nevertheless, when
evaluated at the mean value of the household size variable, the magnitude of the coefficient
estimates suggests that WTP increases roughly in proportion to household size.

6 So what? Costs and (model-predicted) benefits of plans to im-
prove drinking water supply

Beyond synthesizing results and testing hypotheses related to WTP estimates, the meta-
regression functions in Table 4 provide models that can be used to predict WTP for alter-
native conditions and changes. We illustrate this application of the meta-regressions in
Table 5, which uses the sixth model specification from Table 4 to predict average monthly
household WTP for different combinations of BASELINE1, BASELINE2, BASELINE3, and
PRIVTAP.10 For all of these predictions, the other explanatory variables in the model are
set at their sample mean values (see Table 3). The predicted WTP values range from
approximately $3 per month (with a ninety percent confidence interval of $1.1 to $6.1)
to $33.5 per month ($17.9 to $66.0). As expected, larger improvements in drinking water
access and services (i.e., private connections versus public sources) lead to higher predicted
WTP values, and higher baseline levels have the opposite effect. To avoid the assumptions
regarding baselines and to obtain general estimates for WTP, we can use model (1) in Table
4, which does not specify BASELINE2 and BASELINE3 as explanatory variables, to also
predict monthly household WTP. These values range from $9.2 ($3.4 to $16.1) for access to
public water sources to $11 ($8.8 to $15.4) for access to private water services. As expected
these estimates fall in the mid-range of the values in Table 5.

Next, we wish to demonstrate how predictions of household WTP, one of the two
goals of meta-analysis (Smith and Pattanayak, 2002), could allow policy-makers to target
WSS delivery, for example, by mapping spatial heterogeneity in demand. Using estimates
from model (1) of Table 4, we calculate household-level WTP for private water sources

10To appropriately transform the model prediction of mean ln(WTP) to mean WTP, we applied a smearing
factor to the exponentiated model predictions of LNWTPINCR (Duan, 1983). This factor is equal to the average
of the exponentiated residuals for the 171 observations in the estimation sample.
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Table 5: Predicted mean willingness to pay for selected drinking water improvements by
baseline water access conditions, USD per household per month

Baseline drinking water conditions
BASELINE1 BASELINE2 BASELINE3

Elicited drinking water
improvement

PRIVTAP = 1
33.5 11.0 7.8

(17.9, 66.0) (7.8, 17.2) (5.2, 12.8)

PRIVTAP = 0
13.0 4.2 3.0

(5.2, 20.9) (1.8, 7.7) (1.1, 6.1)
Note. This table presents predicted estimates of mean willingness to pay for enhancement in private (PRIVTAP
= 1) and public (PRIVTAP = 0) drinking water services dependent on baseline drinking water conditions
(BASELINE1, BASELINE2, and BASELINE3). These estimates are based on the regression results presented
in model (6) of Table 4 and are in 2008 USD calculated at purchasing power parity. Bootstrapped 90 percent
confidence intervals are shown in parentheses.

for all countries (see Figure 3, panel a). As these estimates may mask considerable within-
country heterogeneity, we also repeat this exercise for subnational jurisdictions across
India and Tanzania (Figure 3, panels b and c).11 While these estimates are derived from a
few parameters (which themselves are estimated from 171 WTP estimates) and therefore
are imprecise (point estimates are noisy, compared to estimates of means), the exercise
nevertheless demonstrates two features of WSS demand. WTP for access to improved
water services is high (1) in countries with relatively high burden of disease related to lack
of water access, and (2) where the financial viability of investments in water infrastructure
is a key concern.

Planning could further improve by comparing such benefits to costs. Thus, as a final
illustration of the meta-analytic model’s tractability, we also compare the WTP predictions
from the model with international cost estimates for expanding access to improved drinking
water services. Haller et al. (2007) estimate the region-specific per capita costs of specific
interventions for improving access to safe drinking water supplies and adequate sanitation
services. One intervention would increase overall coverage for improved services to 98
percent in each region in 2000, and another would increase coverage for piped water and
sewage connections to 98 percent.

Valid comparisons of these costs to the WTP predictions from our meta-analytic regres-

11The choice of these two countries is partly motivated by the availability of high quality subnational income
statistics: gross state domestic product from the World Bank (2013) for India, and regional gross domestic
product from Tanzania’s National Bureau of Statistics (2014).
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Figure 3: Willingness to pay for private water access, USD per household per month

(a) Global

(68,114]
(52,68]
(35,52]
[21,35]
No data

(b) India

(35,45]
(33,35]
(30,33]
[23,30]
No data

(c) Tanzania

(32,44]
(30,32]
(28,30]
[24,28]
No data

Note. Monthly household willingness to pay for private water sources (in 2008 USD calculated at purchasing
power parity) is estimated by repeating the analysis in column (1) of Table 4. Household income is imputed
from national/regional per capita income by assuming that the average household consists of six members,
while PRIVTAP is set equal to 1. National income data are obtained from the World Bank (2016). Subnational
income data for India are obtained from the World Bank (2013), and for Tanzania from its National Bureau of
Statistics (2014). Maps are not to scale. Subnational maps reflect jurisdictional boundaries from 2008.
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sion model require several adjustments. First, to approximate costs for only improving
drinking water services (not sanitation), we multiply the ratio of (1) the population without
access to drinking water by (2) the combined population without access to improved
water or sanitation. Country-level coverage estimates for 2000 were taken from the World
Health Organization and United Nations Children’s Fund Joint Monitoring Programme
for Water Supply and Sanitation (WHO/UNICEF, 2010). Second, to estimate per capita
costs averaged over the non-covered population rather than the total population, we divided
by the percent of the population without drinking water coverage. Third, we converted
from annual to monthly costs by dividing by twelve and from 2000 USD to 2008 USD by
multiplying by the CPI inflation factor (see Pattanayak et al., 2010). Fourth, we converted
from per capita to per household values by multiplying by six (rough estimate of persons
per household).

To estimate average per-household WTP for these interventions and regions, we again
applied meta-regression model (6) from Table 4 using the following specifications:

• For the first intervention (improved drinking water) we set baseline water conditions
at unimproved (BASELINE1 = 1) and assumed an increase in access to public water
sources (PRIVTAP = 0).

• For the second intervention (piped water) we assumed an increase in access to private
water connections (PRIVTAP = 1) from the same baseline (BASELINE1 = 1).

• For household income, we used 2000 GDP per capita in each region (converted to
per household per month figures in 2008 USD).

• For URBAN, we used the percent of the region’s total non-covered population in
2000 that lived in urban areas (WHO/UNICEF, 2010).12

• For the region, we set the corresponding dummy variable equal to 1.
• Finally, we set STUDYAGE = 9, PUBLISHED = 1, HHINCMISS = 0, and all other

variables at their study sample means.

Table 6 reports the resulting benefit-cost comparisons for three regions included by
Haller et al. (2007) with relatively low levels of drinking water coverage—Africa, Asia,
and the high mortality stratum of the Americas (AMR-D).13 The estimated per-household

12To obtain the appropriate coefficient, we reran the regression in model (6) with URBAN instead of
URBDUMMY.

13Asia includes Indonesia, Sri Lanka, Thailand, Bangladesh, Bhutan, Democratic People’s Republic of Korea,
India, Maldives, Myanmar, and Nepal. The Americas (high mortality stratum, AMR-D) include Bolivia,
Ecuador, Guatemala, Haiti, Nicaragua, and Peru.
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Table 6: Benefit-cost comparison for improved drinking water services, USD per
household per month

Region
Improved water coverage (98%) Piped water supply (98%)

BASELINE1 = 1, PRIVTAP = 0 BASELINE1 = 1, PRIVTAP = 1
WTP Costs WTP Costs

Africa 10.17 2.03 26.32 9.87
Asia 9.74 2.68 25.20 12.61

Americas 18.81 3.10 48.69 13.45
Note. This table presents regional estimates of benefits and cost of enhancing access to improved drinking
water services (in 2008 USD calculated at purchasing power parity).

benefits of providing 98 percent access to improved drinking water services are greater than
the estimated costs in all three regions. The difference is greatest in the Americas, where
the estimated benefits are over six times the magnitude of costs. In addition, estimated
benefits of access to private water connections also exceed costs in all regions, despite a
fourfold increase in the cost of increasing piped water access relative to simply increasing
improved water coverage.

It should be noted that the WTP estimates reported in Table 6 may overstate the benefits
of improving drinking water access because they are based on mean household income
levels for each region. The average income level in the non-covered population is likely to
be below this mean. This may be of particular concern to policy-makers looking to expand
access to improved water sources for low-income households in remote, rural regions,
where the ratio of benefits to costs is likely to be the lowest (Whittington and Pattanayak,
2015). That said, our calculations suggest that income levels would need to be substantially
below the mean—for instance, more than ninety percent below the mean in the Africa
region—before the estimated costs of improving water coverage exceed its benefits.

7 Conclusion

We use meta-analysis in this study to synthesize results from a worldwide sample of sixty
stated preference (SP) studies estimating household willingness to pay (WTP) for improved
access to or quality of drinking water services. Using 171 WTP estimates drawn from
these studies and applying regression analysis, we examine a range of potential factors
that explain variation in WTP estimates. We find that households’ WTP are sensitive to
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scope (i.e., the size of the change in drinking water services), average household income,
and SP elicitation method. Critically, the influence of these factors follows theoretical
predictions and intuition. We then demonstrate how these regression models can be used
to predict household-level WTP for selected improvements in drinking water access and
services. This use of the regression model provides a useful framework for estimating
the benefits of policies that improve households’ access to these services. For example, in
selected regions with currently low levels of coverage, we find that WTP for improved
drinking water access greatly exceeds the cost of provision. However, the models also
suggest that if considerable income disparities exist, the perceived private benefits of
interventions that enhance access to piped water services may fail to exceed their costs. In
such settings, policy-makers looking to promote increases in piped water coverage on the
basis of merit-good or equity arguments may need to rely on external sources of finance
(such as international aid) to cover the gap between benefits and costs. As global leaders
move forward with policies in line with the water and sanitation Sustainable Development
Goals (SDGs), our meta-analysis and the resulting first-order estimates of benefits for
improved water access illustrate how one might distinguish settings where local finance
could be sufficient from those where external financial assistance will be vital.
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