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Abstract

Purpose – The purpose of this paper is to support the development of effective strategies that enhance
community water supply systems. The study examined service constraints and willingness to pay for better
services in community-managed water supply services using empirical evidence from beneficiaries of a small-
town water supply system in Ghana.
Design/methodology/approach –A survey design of both descriptive and exploratory research is adopted,
the descriptive survey handles the quantitative aspect, while the exploratory survey handles the qualitative
aspect. The authors collected data using a structured survey questionnaire from 387 beneficiaries who were
public standpipe and domestic users. Descriptive statistics, Kendall’s coefficient of concordance and Cragg’s
two-step model were the methods of analysis employed.
Findings –The respondents ranked lack of capacity (managerial) as the topmost constraint of the community-
managedwater system. The findings indicate that 57%of the beneficiaries were not willing to pay, whiles 43%
were willing to pay. Also, results from Cragg’s two-step regression model indicate that different sets of factors
affect willingness-to-pay and amount-to-pay decisions. The study revealed that while a willingness-to-pay
decision is influenced by income, education, marital status and customer service, the estimated-amount-to-pay
decision is more influenced by income and education.
Originality/value – Building on the empirical evidence, the findings indicated that the water and sanitation
management team can increase the current fee of GH¢ 5.00/1 m3 (≈US$ 0.87) by increasing beneficiaries charge
for a bucket of water from GH¢ 0.10p (≈US$ 0.017) to GH¢ 0.21p (≈US$ 0.036) for better services within the
community. Importantly, the additional charge should take into consideration income and education which
were noted to significantly influence the beneficiary’s amount-to-pay decision for better services in the
community-managed water supply system.
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Introduction
The study examined service constraints and willingness to pay for better services in
community-managed water supply services using empirical evidence from a small-town
water supply system in Ghana. Globally, Africa owns and shares 9% of the renewable water
resources, but it is home to about 15% of the world’s population (Wang et al., 2014). There is a
lacuna between water availability and water demand (Jacobsen et al., 2012) and access to
water is insufficient, while 65% of the population in rural Africa has limited access to the
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water supply. In urban Africa, about 25% do not have access to sufficient water supply
(Africa, 2003). Over the last decades, communitymanagement is seen as the default approach
for community water supply systems in many developing countries according to Hutchings
et al. (2015), but rural communities are becoming increasingly vulnerable because of low
access to a water supply. In sub-Saharan Africa, 319 m people out of over a billion people in
the region are without access to quality drinking water (WWAP, 2017). Many ailments
affectingmost sub-SaharanAfrica countries such as dysentery, typhoid and diarrhoea can be
greatly reduced through the provision of safe and quality supply of water and (WSSCC/
WHO, 2005) have attributed a total death of 1.6 m per year due to lack of improved water
supply services.

In Ghana, access to improved water sources is 70% and coverage of piped water to
premises is 19% (together 89% water coverage, 2% increase over previous estimates) and
as such, Ghana has achieved the target for MillenniumDevelopment Goals (MDGs) as far as
access to safe water is concerned (WHO, 2015). Nonetheless, major challenges persist in
providing sustainable water supply services in many rural areas, including the Jacobu
community in Ghana. To overcome some of the issues affecting the technical and
operational efficiency of the water supply system, the community management model was
proposed. The model emerged from the first International Drinking Water Supply and
Sanitation Decade during the 1980s and was adopted by the Community Water and
Sanitation Agency (CWSA) in Ghana, although it is still going through reforms. The
introduction and completion of the water project at Jacobu under the community water
management model served as a crisis relief. However, many projects have failed after
implementing agencies have handed over completed projects to communities. The
fundamental question that could be raised is about how water supply systems under the
community management model can address service constraints and willingness to pay for
water supply services?

The community management model remains the choice for governments as well as other
donors for the management of community water supply services (Chowns, 2014).
Unfortunately, various internal and external constraints associated with the community-
managed water supply systems are overlooked and have not been investigated. It is always
presumed that the community water management system would succeed without
investigating the associated constraints. Laryea (1994), Lockwood et al. (2003), Lockwood
(2004), Awoke (2012) have identified the general constraints in their studies in different
countries and nonetheless, little has been done to identify constraints that affect the Jacobu
small-town water supply system (JSTWSS) in Ghana. According to Whaley and Cleaver
(2017), it is important to deal with the difficulties and heterogeneity that are found in
community water supply services. To question management capacity to improve water
availability and achieve sustainable water supply services to promote the prospects of
economic growth and decent life in the coming years is critical while knowing beneficiaries of
the water supply services’ willingness-to-pay decision.

Although from the history of trial and error in the management of water supply systems
(Macharia et al., 2015), the community management model was designed to improve upon the
management of community water supply projects that frequently fail to achieve its purposes
after implementing agencies have handed over the project (Lockwood et al., 2003). The
collective willingness to improve and sustain thewater facility is normally based on the social
cohesion of a particular community and it equally relies on the identity of such a community.
As Lockwood et al. (2003) observed in most rural settings, water user fees are not likely to
fully cover all costs associated with operations and maintenance but they could gather a
significant amount of money and if so, then the question is are communities willing to pay to
sustain community-managed water systems?
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However, to better achieve the sustainability of a community water supply system and
better understand its management by the community, there is the need to investigate the
service constraints associated with it as well as the willingness-to-pay decisions. The
understanding of service constraints andwillingness-to-pay decisions can help policymakers
to appreciate the dynamics of the community-managed water supply system and take
advantage of other opportunities to improve upon its management. This study, therefore,
seeks to find out the major constraints in community-managed water supply services and
assess the willingness of the community to pay for better services using the Jacobu water
supply system in the Amansie Central District of the Ashanti Region of Ghana as a
case study.

Literature review
The community management model of water supply services
The core in terms of explaining what the community management model is originated from
“the idea that communities should operate and maintain their water supply systems”
(Schouten andMoriarty, 2003). The original communitymanagementmodel remainedmostly
“supply-driven” until the 1990s when the World Bank started to promote the demand-
responsive approach (Hutchings et al., 2015). Thus, a strong motivation was attached to the
community management model during the 1990s, where project sharing cost became a basis
and since then, the model has proven to be the durable plan in terms of operationalizing the
typical participatory development in the community sector (Whaley and Cleaver, 2017).
Community management is defined basically as the principles where communities are part
and parcel in the development of water supply systems including ownership and generally
responsible for the operation and maintenance (Moriarty et al., 2013; Hutchings et al., 2015).

Different practitioners cite divergent views on the impact of community management on
community water supply services. For example, Evans and Appleton (1993) summarized
findings of a workshop with experts having experiences from 122 completed water projects
from almost seven (7) developing countries such as Yemen, Uganda, Indonesia, Guatemala,
Pakistan, Cameroon and Honduras. It was described that community management is widely
adopted because it is reliable, sustainable, replicable, stimulates community development and
also works very well. On the other side, development practitioners are also criticized for the
spread of the community management model in a very quick way since it showed its
limitation in Rwanda and according to the African Development Bank Group (2015), such
limitations included lack of professional technical skills, non-payment of user fees regularly
and poor financial management, especially funds misappropriation. Again, Chowns (2014) in
his study revealed that communitymanagement is ineffective and also disempowers the very
core management and at the community level, it breeds conflict, inequality and combines
clientelism at a wider level. In the study, it was concluded that community management
brings about the erosion of social capital and handing over of state responsibility
(Chowns, 2014).

The combination of community management and the demand-responsive approach
became the default approach in terms of delivering water supply in communities in many
low- and middle-income countries (Egloff, 2016). However, as noted by Lockwood and Smits
(2011), community management is now growing with a clear focus on the importance of
professionalism in service delivery. To them, professionalizing has to do with moving the
community management structure from its dependence by volunteering time on the part of
community members including the use of ad hocmanagement procedures. That is, qualified
members are equally paid as staffmembers to ultimately complete the task as far as operation
andmaintenance are concerned, whiles the power in terms of decision-making still relies upon
a proper institution of the community (Lockwood and Smits, 2011).
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Constraints in the community-managed water supply services
The involvement of community members in projects to achieve the needed sustainability is
critical (African Development Bank Group, 2015). The community management model
continues to enjoy many successes, it is important to note that it is not immune to certain
constraints. Furthermore, two broad constraints can be identified, which are internal and
external constraints (Laryea, 1994; Lockwood et al., 2003; Lockwood, 2004; Awoke, 2012). The
internal constraints are the influence of community dynamics, lack of cohesion, poverty,
strong traditions, misplaced priorities, lack of capacity (technical, managerial and financial)
within the community, lack of financial resources and political or social conflict. The external
constraints, on the other hand, are lack of spare parts supply, lack of supportive policies and
legislation in terms of extended support to help communities in various maintenances/
repairs, conflicts, time constraints [1], sectorial plans by other agencies, poor designs and
political interference (Laryea, 1994; Lockwood et al., 2003; Lockwood, 2004; Awoke, 2012).
In this paper, constraints in community-managed water supply services are a combination of
internal and external constraints.

Community perception of water system ownership
Community sense of ownership is defined as a psychological state inwhich individuals feel as
if their community’s water supply system is “theirs” (Pierce et al., 2001; Marks and Davis,
2012). As noted byMarks et al. (2013), investigation related to the role that beneficiary’s sense
of ownership for their water supply infrastructure plays in determining system performance
outcomes is limited till date. Practitioners argue that communities sense of ownership
contributes to beneficiaries’ willingness to operate, use and maintain their water system
properly over the long term (Yacoob, 1990;Marks et al., 2013). Also, community perceptions of
ownership or sense of entitlement affects willingness to pay (Katz and Sara, 1997).
Community members who often express dissatisfaction with the service and possess a low
sense of ownership had little willingness to pay for the maintenance of the service (Katz and
Sara, 1997).

Development practitioners again cite the essential role that community “sense of
ownership” for water infrastructure plays in ensuring its sustainability (Madrigal et al.,
2011). It is however important to note the implicit assumption that all communitymembers
hold similar feelings of ownership for the water system (Whittington et al., 2009),
neglecting the potential for heterogeneous feelings of ownership which suggests a
consistent and positive association between households’ sense of ownership and
sustainability (Marks et al., 2013). For example, a study in rural Costa Rica revealed
that most households in high-performing communities reported that the system was
owned by the community itself, whereas households in low-performing communities were
usually unclear about who owned the system or reported that the government is the owner
(Madrigal et al., 2011). It is evident that “limited community ownership of the water
system” caused Kenya’s historic challenges with the sustainability of its rural water
infrastructure (Marks et al., 2013).

Willingness to pay in the community-managed water supply system
According to Hutchings (2016), any other public services cost money which is not different
from water services. Kleemeier (2000) stated that when it comes to payment of money,
communitymembers are commonly unwilling to pay in a situationwhere everything appears
to be working perfectly. However, evidence exists which reveals that poor communities are
even willing and able to make contributions for improved water supply services. For
example, a study carried out by Manyena et al. (2008) in rural water supplies in Zimbabwe
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found out that the majority of the community members were willing to pay but in reality not
having the financial capacity to pay the real cost of maintenance work.

Similarly, a study conducted in southern Ethiopia also revealed that community members
were willing to pay 1.5 times higher than their current water charges they were charged
(Behailu et al., 2012). On the contrary, a study carried out in Pakistan on willingness to pay in
rural communities of Lahore found only 26% of the population who were willing to pay
(Malik et al., 2012). Moreover, there is other recent evidence by Hope (2015) that community-
managed water supply systems have a lower willingness to pay when compared to service
delivery option, whiles other researchers like Marks and Davis (2012); Franceys and Cavill
(2012); Franceys et al. (2016) have a different opinion noting that even in a situation where
users are willing to pay a tariff at some level, the most important problem is that it hardly
covers the actual operations and maintenance costs, which could lead to the problem of
financial sustainability.

Factors influencing willingness to pay and amount to pay decisions
According to Wahid and Hooi (2014), eight determinants are recognized in terms of
willingness to pay for better service. These include income, drinking water health risk,
quality of water taste, quality of watercolour, quality of filtered water, risk of water
contamination, uninterrupted water supply and customer service that handle feedback and
complaint and request from consumers. Also, family size, age, sex, distance from the source
of water, educational level, daily water expense, affordability, level of satisfaction,
occupation, type of water source and change in water service were some of the factors
identified to influence beneficiary willingness to pay for better service (Mezgebo and
Ewnetu, 2015).

The research methodology
The study area
The Jacobu community is the district capital of the Amansie Central District located in the
Ashanti Region of Ghana. The district covers a total area of approximately 710 sq. kilometres
(275.4 sq. miles). This constitutes about 2.5% of the total land area of the Ashanti Region
(Amansie Central District Assembly, 2006). The population of the Amansie Central District is
90,741 and Jacobu which is the district capital has the highest population of 10,725 amongst
all the other communities in the district as of 2010 (Ghana Statistical Service, 2010). The
district lies in the forest dissected plateau region. The region is generally having an
undulating shape with an average height between 150 and 300 m above sea level. According
to Ghana Statistical Service (2010), majority of the households have their sources of drinking
water from an improved source, which include mechanized borehole constituting 71.1%,
whilst pipe-borne water outside the dwelling and pipe-borne water inside the dwelling
constitute about 6.8 and 0.7%, respectively. Also, public taps or standpipes constitute about
12.7% as well as river or stream constituting 4.4%, protected well constitutes about 3.8%
with the minimum usage of sachet water representing 0.5%. Figure 1 shows the map of the
study area.

Data collection and the sampling technique
The study used data collected from beneficiaries of the JSTWSS in the Amansie Central
District of Ghana. The mathematical approach by Yamane (1973) which is non-proportional
was used to estimate the sample size. The sample size when the formulawas applied gave 387
which were selected for the study. The formula is simplified as follows:
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Figure 1.
Themap of the
Amansie Central
District chosen for
the study

WJEMSD
17,3

334



n ¼ N

1þ N ðαÞ2 (1)

Where

n5 the sample size; N5 the sample frame for the study and α5 the confidence interval.

The stratified sampling technique was employed by dividing the population into two main
groups: core management members and community members/beneficiaries. The community
members/beneficiaries were further divided into public standpipe and domestic/private
users. The stratified sampling design was used because it is a method of selection in which
every beneficiary of the target population has a known chance of being selected for the study.
Data were collected from private/domestic and public standpipe users spread across 12
distribution zones which were Aboabo Road, Ebenezer, Esereso, Habitat, Krofrom, Monsie,
Nteduom, Odumase, Pataabo, Tunsuom, Wawase and Hwentemase. The formula used in
drawing a representative sample for each stratified group is given as follows:

n1 ¼ N1 3 S

N
(2)

Where

n1 5 sample drawn; N1 5 total number of members in the stratified group;

N 5 total population under study; S 5 sample size for the study

However, for this study, the stratified groups were represented as follows:
Domestic/private users. This group was made up of community members/beneficiaries

who are connected to the water supply system in the various 12 distribution zones across the
community. By the time of conducting this study, 198 houses were connected privately and
six (6) domestic/private users were selected in this stratum using Equation (2).

Public standpipe users. This group was also made up of the beneficiaries of the water
supply system who are not connected to their various households but patronizes the pay-as-
you-fetch public standpipes distributed across the community in the various 12 distribution
zones. The standpipes by the time of conducting this study were 23 in number and used by
the greater number of the beneficiaries. One public standpipe is a source of water for about
574 people in a distribution zone. In this stratum using Equation (2), 381 members were
selected.

Then, the simple random sampling technique was applied to each stratum to draw the
sample. The lottery methodwas used as a simple random sampling technique in selecting the
respondents. For instance, in the case of Aboabo Road as a distribution zone, unnumbered
pieces of paper which were 32 in quantity and numbered pieces of paper from 1 to 32 which
were also 32 in quantity weremixed and presented to public standpipe beneficiaries who stay
within the zone tomake a selection. Beneficiaries who picked a numbered piece of paper in our
lottery method were interviewed. This process was repeated for all the other 11 distribution
zones. Similarly, six (6) households were randomly selected as private/domestic connection
users from the 12 distribution zones. Table 1 summarizes the respondents selected for each
distribution zone in terms of domestic and public standpipe users.

The study employed a structured survey questionnaire and a key informant interview
guide as the primary data collection instruments with the communitymembers/beneficiaries.
However, for this study, all our findings are thus about public standpipe users since no
meaningful statements can be derived from a quantitative analysis of six cases of the
domestic/private users. Because of the dimension of the problem, the study sought to answer
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these research questions: (1) what are the constraints in community-managed water supply
services? (2)What is the perception of the community members on system ownership and are
beneficiaries willing to paymore and howmuch? (3)Why are (or are not) beneficiaries willing
to pay more? (4) What are the factors influencing willingness-to-pay and amount-to-pay
decisions? A survey design of both descriptive and exploratory research is adopted, the
descriptive survey handles the quantitative aspect, while the exploratory survey handles the
qualitative aspect of why are (or are not) beneficiaries willing to pay more.

The analytical framework
Constraints faced in the community-managedwater supply systems identified in the literature
(Laryea, 1994; Lockwood et al., 2003; Lockwood, 2004; Awoke, 2012) were used and
beneficiarieswere asked to rank the constraints in order of importance. Kendall’s coefficient of
concordance was used to measure the degree of agreement in this objective amongst them set
of n ranks. The main idea of this investigation was to find the total of each constraint ranked,
while at the same time examining the variability of the totals. To measure service constraints
using Kendall’s coefficient of concordance, all the constraints identified were presented to
beneficiaries for confirmation or otherwise by ticking and ranking as applied to their cases.
The respondents ranked the constraints in the order of the most pressing to the least pressing
using scales that were, respectively, assigned a value coded as 1 (if very high), 2 (if high), 3 (if
low) and 4 (if very low) in that order. However, in calculating the ranks using the scores, the
constraint with the minimum score is categorized as the most pressing constraint, whilst the
one with the maximum score is ranked as the least constraint. The score for the ranking was
equally used to calculate the coefficient of concordance and thiswas done to achieve the degree
of agreement. The coefficient of concordance ðW Þ ranges from 0 to 1 and it was 1 when the
rank assigned by beneficiarieswas precisely the same as those assigned by other beneficiaries
and was 0 when there is a maximum level of disagreement amongst the constraints ranked.
Kendall’s coefficient of concordance ðW Þ is defined by the following formula:

W ¼
12

"P
T2 �

�X
T2

�
n

#

nm2 ðn2 � 1Þ (3)

Where

Distribution zone Domestic connection Public standpipe

Aboabo Road 1 32
Ebenezer 0 32
Esereso 1 32
Habitat 0 32
Krofrom 1 32
Monsie 0 32
Nteduom 1 32
Odumase 1 31
Pataabo 0 32
Tunsuom 0 30
Wawase 0 32
Hwentemase 1 32
Total 6 381

Source(s): Author(s) own compilation

Table 1.
Respondents in the
various distribution
zones selected for
the study

WJEMSD
17,3

336



T 5 the sum of ranks for constraints being ranked;

m5 the number of beneficiaries interviewed;

n5 the number of rankings/total number of constraints being ranked.

However, hypothesis validation and the significance test were done by using F-statistics;

H0: denotes no agreement in the constraints ranked;

H1: denotes an agreement in the constraints ranked.

In terms of the significance of the coefficient of concordance (W), the F-distribution was used
which is specified as follows:

F ¼ ðm� 1Þ W
1�Wc

(4)

Where

Wc is the coefficient of concordance ðW Þ calculated;
The F-statistic has V1 ¼ ðn− 1Þ− 2

m
degrees of freedom for the numerator;

V2 ¼ ðm− 1Þ½ðn− 1Þ− 2
m
� degrees of freedom for the denominator.

The decision rule is applied in such a way that if Fcal > Fcrit , then reject the null hypothesis
and ifFcal < Fcrit , then accept the null hypothesis. Thus, the null hypothesis is rejected if the
calculated F -value exceeds the tabulated F -value, indicating that respondents agree with
each other on the ranking of the constraints.

On the second level of the analysis, descriptive statistics were employed in determining
the perception of the community members on the system ownership as well as their
willingness to pay. To determine how much more are beneficiaries willing to pay, the
contingent valuation method using the dichotomous choice format was employed. The
dichotomous choice format allows two possible responses to a payment question: “yes” and
“no” (or “vote for” and “vote against”). It is important to note that the dichotomous choice
format is nowadays preferred over alternative approaches because it controls hypothetical
bias by allowing a follow-up question to the payment question (e.g. Hanemann et al., 1991),
which in some studies is an open-ended follow-up question. The bias arises because it is
believed that surveyed responses without a payment mechanism may be inflated since the
responses are constructed hypothetically. Responses to follow-up (e.g. “how much more are
youwilling to pay?”) and to contingent valuation questions control the hypothetical bias. The
willingness-to-pay figures reported by the respondents can simply be averaged to produce an
estimate of mean willingness to pay if the payment question is open ended. Also, the views
expressed on why are (or are not) beneficiaries willing to pay more were transcribed by the
researchers andwere analysed thematically to enable the textual presentation of the findings.
Pseudonames were used for individual interviewees to ensure that the identities of
participants remained confidential in the analysis.

On the third level of the analysis, many techniques have been employed in determining
factors influencing willingness-to-pay and amount-to-pay decisions. Amongst the techniques
include least squares multiple regression, ordinary least squares (OLS), probit and tobit
models. According to Wan and Hu (2012) as well as Asante et al. (2018), the use of the tobit
model provides estimates of joint determinants of both discrete and continuous willingness-
to-pay decisions. Hence, using both the probit and the tobit regression models to determine
the probability of factors influencing willingness-to-pay and amount-to-pay decisions
separatelymay lead to confounding policy implications (Asante et al., 2018). This is as a result
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of the fact that the tobit model assumes that the two decisions are made jointly in estimating
the determinants of the probability of willingness to pay and amount to pay, resulting in
double counting the probability of willingness to pay (Waithaka et al., 2007). The assumption
that the two decisions are made jointly using the tobit model has been criticized that it may
not always be reasonable because the discrete and continuous factors influencing
willingness-to-pay and amount-to-pay decisions could be made at different stages and are
likely to be influenced by different factors (Lin et al., 1984; Wiredu et al., 2015; Asante et al.,
2018). To avoid the many potential conflicts that could lead to confounding policies in the use
of the least squares multiple regression, the ordinary least squares, tobit and the probit
models alone, the two-step models which are Heckman selectivity and Cragg models have
been proposed to account for the potential problems (Mal et al., 2013; Yirga and Hassan, 2013;
Asante et al., 2018).

According to Mal et al. (2013), one of the important differences between Heckman
selectivity and Cragg’s double-hurdle models concerns the sources of zeros. In the Heckman
model, it is considered that those not willing to pay will never pay under any circumstances
and in Cragg’s double-hurdle model, those who are not willing to pay are considered as a
corner solution in a utility-maximizing model. Again, the Heckman model addresses
selectivity bias and also requires the use of different sets of variables in each specification
(Heckman, 1979). In contrast with Cragg’s double-hurdle model, the same set of variables can
be used in both stages and assumes that their effects on the two decisions are different (Cragg,
1971). Given that this is so, there is the need to examine whether the two decisions are joint or
separate such that the decision on willingness to pay may be preliminary to the amount-to-
pay decision. Where the decision is jointly made, the tobit model can be used to estimate the
determinants of willingness to pay. However, where the decisions are made separately, then
the willingness to pay may be characterized by selectivity bias.

However, the two models can be estimated separately and it is, therefore, logical to infer
that the assumptions made in different stages are supported by Cragg’s double-hurdle
regression model (Cragg, 1971) and have been used to explain why some beneficiaries are
willing to pay and why other beneficiaries are not willing to pay. This study, therefore,
conducts a thorough diagnosis of separability and selectivity in willingness-to-pay and
amount-to-pay decisions. To confirm separability in willingness-to-pay and amount-to-pay
decisions, the log-likelihood ratio test is conducted. To do likelihood ratio test, probit,
truncated and tobit models, as shown in Equations (5, 6 and 7), are estimated.

z ¼ Prob
� z

z�
> ¼ 0

�
¼ xy þ ε (5)

y ¼ E

�
y

y�
> ¼ 0

�
¼ xβ þ με (6)

Y ¼ ðxy þ εÞ þ ðxβ þ μÞ ¼ xa þ ω (7)

In the fifth model above, the sample beneficiaries chosen for the study consisted of those who
are willing to pay and those who are not willing to pay. Let z denote the discrete decision of
willingness to pay such that z 5 1 for beneficiaries who are willing to pay and z 5 0 for
beneficiaries who are not willing to pay, z*i represents the latent variable for the probability of
willingness to pay, x is a set of explanatory variables in the model, y is the set of coefficients of
the explanatory variables and ε is the error term. In the sixth model, y represents the amount-
to-pay decision, y*i is the latent variable of an amount-to-pay decision, β is the set of
coefficients for the explanatory variables and μ is the error term. The tobit model combines
the first two models to obtain the joint coefficient a, which explains both the willingness-to-
pay and amount-to-pay decisions. In the seventh model, ω is the error term. From the three
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models, the log-likelihood ratios are obtained and used to compute the likelihood ratio test
statistic L as follows:

L ¼ 2ðLLRProbit þ LLRTruncated � LLRTobitÞ (8)

In confirming the use of the two-stepmodel, the LLRs in Equation (8) following Katchova and
Miranda (2004); Wiredu et al. (2015); Asante et al. (2018); Wongnaa et al. (2019) are the
log-likelihood ratios of the three models which were conducted as a joint decision test that
involves the estimation of willingness to pay with the probit model, amount to pay with
truncated and tobit models separately as noted by Mal et al. (2013) were used to compute the
likelihood ratio test statistic. However, the estimated L should be greater than the χ2

distribution with degrees of freedom equal to the number of independent variables (including
the intercept) in the models to justify the use of any of the two-step models (Katchova and
Miranda, 2004; Mal et al., 2013; Asante et al., 2018). Importantly, selection between Cragg’s
and Heckman’s two-step models becomes appropriate when the tobit model provides a
consistent estimate of the determinants of willingness to pay if the L is less than the critical
value (Mal et al., 2013). Heckman’s two-step model also accounts for selectivity bias, it
becomes appropriate and is described below.

The first step of Heckman’s model also involves the estimation of a probit regression
model, the same as the first step of Cragg’s model shown in Equation (6). The second step of
the model is the OLS regression and is expressed using q to represent the amount-to-pay
decision, q*i as the latent variable of an amount-to-pay decision, δ as the set of coefficients
estimates and w as the error term as expressed in Equation (9) below with the second term on
the right-hand side as the inverse Mills ratio which corrects for selection bias in the OLS
regression. A significant lambda suggests that the amount-to-pay decision depends on the
initial discrete decision of willingness to pay for better services (Marchenko andGenton, 2012;
Wiredu et al., 2015), a condition which is not considered in Cragg’s model.

q ¼ E

�
q

q*
> 0

�
¼ xδþ λðxyÞ þ w (9)

In the absence of selectivity bias, Cragg’s model provides a relatively simple approach for
estimating the two-step model, though the second stage of the model is also OLS regression
but without the inverse Mills ratio. This is specified in Equation (10) below:

q ¼ E

�
q

q*
> 0

�
¼ xδþ w (10)

The descriptions of the explanatory variables Xs used in the two-step models are as follows:
Income. The income variable refers to the monthly money income of the household in

Ghana cedis. It includes the income of the head from all sources. In reality, as the income of
households increases, their demand for improved services increases. Furthermore, the
willingness to pay increases when respondents’ income was found to be above the poverty
level (Malik et al., 2012; Wahid and Hooi, 2014). According to Hensher et al. (2005), when
income increases, the probability of the household saying yes to contribute for improved
water supply services increases. It is therefore expected that income will affect willingness to
pay positively.

Sex. This study expects female respondents to be more willing to pay than men since
traditionally it is the role of women to clean the house including washrooms, cook, etc.
As noted by Mezgebo and Ewnetu (2015), female-headed households happen to be more
willing to pay for better services than their male counterparts simply because women are
responsible for collectingwater and are directly influenced bywater-related problems. Also, a
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study on affordability andwillingness to pay in Ethiopia observed a difference in willingness
to pay between men and women (Bayru, 2004).

Age. According to Mezgebo and Ewnetu (2015), there is a variation in willingness to pay
for better services where elderly households are less likely to pay for the provision of the
improved water supply service. This is the result of the concept that old people fear to invest
in projects which will be implemented after long term and are highly related to one’s income.
Thus, the lower the age of the respondent, the higher is the monthly income and the higher is
his/her willingness to pay for better services (Mezgebo and Ewnetu, 2015).

Education.The variable education is taken to capture the number of years the respondent
spent in the formal school system. Usually, the enlightened population has a great impact on
the demand for welfare facilities like water, health, education, amongst others. However, as
explained by Mezgebo and Ewnetu (2015), education shifts the demand for water services to
the right. This, therefore, implies that a household with a higher level of literacy has better
chances of maximizing the utility and welfare from consuming and having access to clean
and potable water. Mezgebo and Ewnetu (2015) recognized a positive sign for the level of
education attained by households, indicating that households whose heads have higher
education indicated higher willingness to pay than the less educated ones. Education is
expected to have a positive and significant effect on community-managed water supply
services.

Marital status. Coster and Otufale (2016) recognized a negative relationship between
willingness to pay and marital status. Also, according to Mezgebo and Ewnetu (2015),
married people aremore willing to pay for the provision of improvedwater supply services as
compared to their unmarried counterparts. The reason was attributed to the fact that married
people are cautious of the health and other water-related risks stemming from poor water
supply services due to family responsibility in the future than their single counterparts and
more responsible in the use of water whiles keeping the home clean and hence are more likely
to be willing to pay.

The level of satisfaction.A study on valuing water supply service improvement in Ethiopia
by Gebreegziabher and Berhanu (2007) recognized a negative relationship between
beneficiaries’ level of satisfaction and their willingness to pay. It is essential to stress that
when households facemore interruption such that satisfaction level becomes lower, it results in
a lowerwillingness to pay (Hensher et al., 2005). Also,Mezgebo andEwnetu (2015) reported that
only beneficiarieswho are unsatisfiedwithwater services due to poor quality, less quantity and
unreliability are likely to pay than those beneficiaries who are already satisfied. The level of
satisfaction of a beneficiary is expected to influence willingness to pay for better services.

Continuous/uninterrupted water supply. A household may be willing to pay higher for an
improved water value from the belief that they are not getting a continuous water supply and
hence, interrupted water supply. It is however less likely that a household will be willing to
pay for better services when they enjoy continuous water supply with no interruption. The
variable uninterruptedwater supply and in otherwords, continuouswater supply is expected
to influence willingness to pay for better services.

Customer service.According toWahid andHooi (2014), the importance of customer service
centre is acknowledged as the centre that helps to handle feedback, complaints and requests
from consumers. Hensher et al. (2005) reported on urban country respondents’ preference to
have a person answer the phone when they call the service centre rather than having a voice
system to provide a message and that they are willing to pay for this service feature. The
variable customer service and in this case handling of complaints, requests and feedback is
expected to influence willingness to pay for better services. This is as a result of the fact that
when people’s complaints, requests and feedback are handled properly, they are more likely
to pay for better services. On the other hand, when people’s complaints, requests and
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feedback are not handled, they are less likely to paymore for better services. Table 2 presents
a summary of the variables used in Cragg’s two-step model.

Results and discussions
The preliminary analysis
Table 3 presents summary statistics of the explanatory variables used in the econometric
models. According to Table 3, significant differences between beneficiaries who are willing to
pay and beneficiaries who are not willing to pay at all exist in all the variables except age.
There is a significant relationship between willing-to-pay beneficiaries and income. Also, a
relatively high proportion of beneficiaries who are willing to pay are more educated than
beneficiaries who are not willing to pay. The proportion of beneficiaries who are satisfied
with the supply of water and also enjoy continuous water supply without any interruption is
significantly higher amongst the group of willing-to-pay beneficiaries with p-values of 0.072
and 0.009, respectively. Also, customer service in terms of complaints handling and requests
is significantly higher amongst willing-to-pay beneficiaries with a p-value of 0.000. Age of
beneficiaries in the study area is also significantly higher for willing-to-pay beneficiaries.
Table 3 below presents the summary statistics of the explanatory variables used in the
econometric models.

The test of research questions
What are the constraints in community-managed water supply services?. Sustainable
management of community water supply services requires management and beneficiaries
to overcome the constraints faced in their management and daily operations. However,
during day-to-day operations, the system encounters some constraints which have been
identified in several case studies as far as community management of water supply services
is a concern. The beneficiaries were presented with some constraints to confirm their
existence and to finally rank them to see their applicability. The community members who
are beneficiaries of the JSTWSS with 12 distribution zones in the Amansie Central District
ranked lack of capacity (managerial), lack of spare parts supply, lack of financial resources,
conflicts and poor designs to be the topmost five constraints. The least ranked constraints are

Variable Description Unit of measure
Expected
sign

Income Respondents’ income Ghana cedis (GH¢) þ
Sex Respondents’ gender Binary 5 1 if female þ/�

0 5 if male
Age Respondents’ age Years �
Marital status Respondents’ status in terms of

marriage
1 if married �
0 5 otherwise

Education The actual number of years
spent in school

Continuous þ

The level of
satisfaction

Beneficiaries’ level of
satisfaction with the existing
water services

1 5 if satisfied þ/�
0 5 otherwise

Continuous
water supply

Uninterrupted water supply
services

Binary 5 1 if uninterrupted þ/�
0 5 otherwise

Customer
service

Handling of a complaint, request
and feedback from consumers

Binary 5 1 if the Jacobu small-town
water supply system handles complaint
and request

þ/�

0 5 otherwise

Table 2.
Variable name,

description, unit of
measure and
expected sign
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political and social conflicts, lack of cohesion and lack of supportive policies and legislation
(see Table 4).

The first major constraint that confronted most beneficiaries in the management of the
water supply systemwas lack of capacity (managerial). Thewater supplied to the community
is underground and its supply depends on electricity to pump the water, but its distribution
has been erratic, especially during power outageswhich happen almost thrice in amonth. The
lack of capacity (managerial) ranked could be as a result of the composition of the water and
sanitation management team. Most management teams may not have the requisite
knowledge or training in water management to enhance the sustainable management of the
water supply system. Also, it could be attributed to inadequate funds to meet the demands of
beneficiaries, even though management may have the desire to supply water during power
outages by using alternative sources of power but they may lack the ability to purchase and
use alternative sources of energy.

From the foregoing, it would be very difficult to tell whether a lack of capacity in terms of
management has a positive or negative effect on financial resources or long-term financial
support. This is consistent with Kumar’s (2005) statement that community-based
development projects supported by the World Bank found that providing sustained long-
term support beyond a single intervention performed better in capacity development than
just a single intervention and its possible handing over. This causes water shortage in the
community and has affected their management capacity until electricity is restored from the
national grid for the system to be able to pump water for the community. The result is also in
line with what Adokor (2012) indicated that there is concern over the capacity of local-level
management structures to operate and manage water systems to achieve sustainability.

The second most serious constraint was the lack of spare parts supply when a beneficiary
faces a supply problem, especially standpipe users with damaged parts that need to be
replaced. This causes cut in supply for beneficiaries at a particular zone until the problem is
fixed. Though some spares parts such as taps, PVC pipe 3¼, PVC pipe 1 Inch, tangent, air
valves, padlocks and bulk meter including reserve pump were held in stock by the water
management team and staff. This implies that there could be a physical barrier to access the
spare parts for maintenance works to be done for beneficiaries or consumers which is very
significant and could be not a question of finance, though the stocks could be insufficient.

Lack of financial resources also became the third constraint in the community-managed
water supply services. This could be as a result of poor financial management stemming from

Constraints of community-managed water
supply services Mean rank Ranking

Lack of capacity (managerial) 2.93 1
Lack of spare parts supply 3.35 2
Lack of financial resources 3.74 3
Conflicts 4.98 4
Poor designs 5.14 5
Political and social conflicts 5.17 6
Lack of cohesion 5.28 7
Lack of supportive policies and legislation 5.37 8
Test statistics
N 5 387 df 5 7
Kendall’s W 5 0.206 Asymptotic significance 5 0.000***

Note(s): ***significance at 1% level
Source(s): Author(s) own compilation

Table 4.
Constraints ranked by
beneficiaries using the

Jacobu small-town
water supply system
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the low trust on the part of the beneficiaries as far as both themanagement team and the staff
members are concerned. However, improving transparency and accountability coupled with
high levels of savings by themanagement team of thewater supply systemwill accelerate the
achievement of sustainable water management that will benefit all.

The estimated Kendall’s coefficient (w) was 0.20, implying that there was 20% agreement
amongst community members/beneficiaries of community-managed water supply system
while ranking the constraints. The F-value obtained shows that the constraints ranked were
statistically significant at 1%. This, however, implies that the null hypothesis should be
rejected in favour of the alternative hypothesis. From the results, it can be concluded that
there is a weak agreement amongst community members/beneficiaries regarding ranking of
constraints.

What is the perception of the community members on system ownership and are
beneficiaries willing to pay more and how much?. Importantly, the perception of a community
about who owns the water supply system is critical in ensuring that the community will be
willing to pay for better services (Katz and Sara, 1997). The beneficiaries of the water supply
system were asked about who owns the system. Figure 2 shows that majority of the
respondents representing 71% indicated that the system belongs to the community. About
13% also indicated that the system is owned by the district assembly, whiles 4% indicated
that the water system belongs to the water management team, with 4% also indicating that
the system belongs to the government. In all, 8.01% indicated that they do not know who
owns the system as shown in Figure 2. The findings from this study reveal positive
community knowledge of ownership of the water supply system. This is a result of the initial
5% contribution to the project cost by the community as part of the demand-driven approach.

After finding out the perception of ownership of the water supply system, respondents
were then asked whether they were willing to pay for better services. Of 387 respondents, the
study revealed that majority of the beneficiaries representing 57% were not willing to pay,
whiles 43%were willing to pay (Figure 3). This is consistent with the findings of Hope (2015)
that community-managed water supply systems have a lower willingness to pay when
compared to service delivery.

In regards to the price of water, beneficiaries of the water supply system in the community
currently pay GH¢ 5.00/1 m3 which translates to GH¢ 0.10 pesewas for a bucket of water.
Beneficiaries were asked to indicate how much more they are willing to pay and the result is
presented in Table 5. Themean willingness to pay by beneficiaries is GH¢ 0.21 pesewas. This
means that close to 43% of the beneficiaries who are currently paying for water are willing to

Community
71%

District 
Assembly

13%

Water
Management 

Team
4%

Government 
4% Don’t Know

8%
Community

District Assembly

Water Management Team

Government

Don’t KnowFigure 2.
Ownership of the water
supply system
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pay GH¢ 0.11 pesewas more for the hypothetical situation. Thus, the beneficiaries are willing
to contribute at least GH¢ 10.50/1 m3 of water in support for better services within the
community.

Also, the summary statistics (Table 3) supports that more than half of the beneficiaries
who are willing to pay earn an average higher income of GH¢ 1,062.088 and are also satisfied
(89%) with the current water service. Beneficiaries’ level of satisfaction has a statistically
significant relationship with their decision onwillingness to pay (Table 3) with the chi-square
value of 3.2352 and p > 0.072 at the 10% significance level. The fact that it is significant
showed that the variable level of satisfaction with the existing water services by the
beneficiaries was a major determinant and that policies to improve water supply services
must not downplay customer satisfaction. The truncated results (Table 6) provide explicit
decision support evidence on why beneficiaries may not be willing to pay much on average.
The coefficient of income (�0.0000412) which is statistically significant at 10% reduces the
average amount beneficiaries are willing to pay. Similarly, we noticed a consistent decrease in
the average amount willing to pay by beneficiaries as their level of satisfaction decreases,
although its coefficient value (�0.0330642) shows no significant relationship. Therefore, a
high level of customer satisfaction on the water supply services should be central in either
community, publicly and privately managed pipe water schemes, systems or services. Also,
not relating to the willingness to pay could be attributed to the fact that since the majority of
the beneficiaries are currently satisfied, they may not prefer paying above their satisfaction
that they cannot afford. This result supports the findings of Mezgebo and Ewnetu (2015) who
reported that only beneficiaries who are unsatisfied with water services due to poor quality,
less quantity and unreliability are likely to pay than those beneficiaries who are already
satisfied.

Why are (or are not) beneficiaries willing to paymore?. In response to the potential concerns
about why are not beneficiaries willing to pay more, we further asked respondents to explain
their unwillingness to pay. There were several reasons given for the unwillingness to pay.
James, a 34-year-old beneficiary said,

It is the duty of those managing the water to

pay for any improvement of the system.

AWTP SD Min Max

Mean WTP 0.21 0.1861 0.1 2.2
N 167

Source(s): Author(s) own compilation

Yes
43%

No
57%

Yes

No
Willingness
to Pay

Table 5.
Average willingness to

pay amongst
beneficiaries who were

willing to pay
(currency: Ghana cedi)

Figure 3.
Willingness to pay
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56-year-old Osei also shared his reason for not being willing to pay, and it was clear he
doubted the capacity of the management team and staff. This was evident in his utterance:

Because the money they have been collecting

should be enough for them to manage the system

and carry out any improvement of the system.

That was corroborated by Gyamfuwaa, a 42-year-old beneficiary:

The charge is enough and all they should ensure

is that consumer pay for their water usage.

Both Bio and Asare and many other respondents shared a similar sentiment about their
unwillingness to pay. This was evident as their responses were written and quoted as saying:

The community already made a financial

contribution before the project was implemented

and as such the water should rather be free.

A closer look at the results also confirms thatmajority of beneficiaries seem not to understand
the management process of the system and such idea is attributed to the fact that only a few
beneficiaries know what goes into the work of the management team and the staff members.
Thus, considering the reasons given above for the unwillingness to pay, it is important to
stress on education as the best tool to inspire communitymembers/beneficiaries or individual
households to understand the 5% initial contribution as demand-driven approach and as a
way of participating in the project for greater ownership and sustainability of the system.
Also, the water management team should do more and ensure that beneficiaries understand
the community management model being adopted to help manage their water supply system
sustainably.

Factors influencing willingness-to-pay and amount-to-pay decisions. Table 6 presents the
results of Cragg’s two-stepmodel for willingness-to-pay and amount-to-pay decisions. As two
models with two different hypotheses are developed, it is important to know which model is
superior to the other. To determine this, we conducted a log-likelihood test as presented in
Equation (8). It is important to note thatwhere the decision is jointlymade, the tobit model can
be used. However, where the decisions are made separately, then the willingness to pay may
be characterized by selectivity bias. The estimated lambdas from the Heckman two-step
models (see Appendix-Table A1) are non-significant, indicating the absence of selectivity
bias. The log-likelihood ratio test statistics of 269.015268 strongly rejects the tobit model.
This implies that a beneficiary’s decisions about willingness to pay and amount to pay are
made in two different stages and our discussions are based on the findings of Cragg’s model.
From the probit model which is the first stage or tier 1 of Cragg’s double-hurdle model, the
probability of willingness to pay is found to be positively influenced by income, marital
status, education and customer service. But a willingness-to-pay probability is less with sex,
age, the level of satisfaction and uninterrupted water supply with the probit model.

The coefficient of income is positive and significant at the 5% level of significance for
willingness to pay. This result is in line with what Wahid and Hooi (2014) and Malik et al.
(2012) found that willingness to pay increases when respondents’ income is found to be above
the poverty level. The significant coefficient of income implies that beneficiaries with more
income are more willing to pay for better services. This is because people with more income
believe that paying more for the management team to get access to more funds can improve
their services.
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The coefficient of marital status is positive and significant at the 5% level of significance
for willingness to pay for better services. This result indicates that married beneficiaries have
a higher likelihood of willingness to pay for better services as compared to their unmarried
counterparts. This result is similar to the findings of Coster andOtufale (2016) that recognized
a positive relationship between willingness to pay and marital status. The result is an
appropriate expectation because married women are cautious of water-related risks
stemming from poor water supply services and are consistently responsible and making
sure that water is available for domestic chores like cooking, washing, bathing, cleaning,
amongst others.

Education shows a positive and significant relationship with willingness to pay at the 5%
significance level. This result supports the findings of Mezgebo and Ewnetu (2015), which
recognized a positive sign for the level of education attained by beneficiaries showing that
beneficiaries who have attained higher education indicated higherwillingness to pay than the
less educated ones. Beneficiaries who have a high level of education are more willing to pay
for better services simply because as individuals receive education, they tend to understand
the need for better water supply services.

The coefficient of customer service and in this case, in terms of handling of complaints,
requests and feedback is positive and significant at the 10% significance level. This result
indicates that beneficiaries are more willing to pay when their complaints, requests and
feedback are handled properly but are less likely to pay when their complaints, requests and
possible feedbacks are not communicated. The study is similar to the report of Hensher et al.,
(2005);Wahid andHooi (2014) that identified that beneficiaries prefer to have a person answer
phone calls when they call the service centre for a request, complaints or any possible
feedback that needs to be communicated.

Tier 2 of Cragg’s double-hurdle model was used to determine the factors influencing the
amount-to-pay decision as shown in Table 6. Tier 2 which is truncation was as a result of the
fact that those beneficiaries who are not willing to pay for better services were excluded from
the analysis. The likelihood ratio test statistics revealed that the continuous decision of the
amount to pay does not depend on the discrete decision of willingness to pay, which strongly
rejects the tobit model which was mostly influenced by the decision of willingness to pay and
not by the amount-to-pay decision. Tier 2 of the Cragg model fits our data in explaining the
factors influencing the amount-to-pay decision. The variables having a significant positive
coefficient are income and education, whereas marital status, uninterrupted water supply,
sex, age, the level of satisfaction and customer service are found to have negative significant
impacts on the amount-to-pay decision.

Income is often predicted to be related to amount to pay because of its logical relationship
with the ability to pay. From tier 2 of the Cragg model in Table 6, the sign for the income
variable was negative and was significant at 10%. This implies that as the income of the
beneficiary decreases, the amount they are likely to pay also decreases, which affects their
ability to pay for better service. The result may explain that beneficiaries’ amount to pay
increases when their income increases and this result suggests a potential role for the water
and sanitationmanagement team to be considerate on the economic status of the beneficiaries
since an increase or decrease of their income may affect the amount they are willing to pay.

The coefficient of education shows a positive effect and is also significant in tier 2 of
Cragg’smodel for the amount ofmoney beneficiaries arewilling to pay for better services. It is
not surprising that beneficiaries who are highly educated would pay a higher amount of
money for better water supply services and this may be explained by the important
opportunity education gives to people to understand the effects of water supply services and
its consequences on health. This is similar to whatMezgebo and Ewnetu (2015) identified that
education shifts the demand for water services to the right whiles having access to clean and
potable water. Importantly, as far as factors influencing the amount of money beneficiaries
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are willing to pay for better service are a concern, then beneficiaries with higher income and
who have high education are more willing to pay for better services.

Conclusion and policy implications
The community management model remains ultimate software for community water
systems. The study revealed that lack of capacity (managerial) is the major constraint that
community-managed water systems are dealing with. In this study, there is an improvement
to the methodologies used in estimating willingness-to-pay and amount-to-pay decisions. In
general, estimating the probability of willingness to pay alone does not provide a true
understanding of the factors that influence the entire process and it is important to avoid
misleading conclusions and not to assume that the two decisions are only jointly made but to
include separability test to apply the appropriate estimation to avoid potential conflicts that
could lead to confounding policies. Using Cragg’s two-step model, the study shows that
willingness-to-pay and amount-to-pay decisions are distinct decisions affected by different
sets of factors. The results indicate that income, education, marital status and customer
service (in terms of handling beneficiary’s complaint, request and feedback) were the factors
influencing willingness to pay. A quick look at the results shows that 57%were not willing to
pay more but 43% of the beneficiaries were willing to pay GH¢ 0.11 pesewas more for better
services. Income and education were noted to significantly influence the beneficiary’s
amount-to-pay decision for better services. The study recommends the development of skills/
capacity building, given that the major constraint is lack of managerial capacity, through
training, seminars and workshops, especially for the water and sanitation management team
who mostly may not have the requisite knowledge or training in water management to
enhance the sustainability of the water supply system. It is also recommended that the water
and sanitation management team should consider that the income level of beneficiaries was
realized to determine willingness-to-pay and amount-to-pay decisions. Therefore, the
management team can consider abolishing the low domestic connection charge compared to
the high public standpipe payment system. This is to say that the water and sanitation
management team should charge the domestic consumers relatively more simply because
they can afford and use the excess amount of money to subsidize beneficiaries who cannot
afford as a result of their unwillingness to pay. To ensure sustainable management of water
for all, revenue mobilization should be paramount with continuous education to avoid future
challenges of financial sustainability as a result of the observed unwillingness to pay in the
community-managed water system.

Note

1. Donor-funded projects have short time frames within which certain actions should be accomplished
and not always feasible.
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Variable
Stage 1: probit Stage 2: OLS regression

Coefficient SE Coefficient SE

Income �0.0000112 342.956 0.000538 26.62546
Sex 0.0885281 464837.3 0.6859069 6595.061
Age 0.0105209 19493.59 0.0732114 267.9169
Marital status 0.0942187 526805.2 0.7336651
Education 0.0302035 60970.73 0.1710964 2202.758
The level of satisfaction 0.0419038 846486.3 0.0649923 8344.547
Uninterrupted water supply 0.0485633 796433.3 0.7199983
Customer service 0.0146497 584574.6 1.059122 6864.325
Constant
The number of observation 133 133
Wald x2 (8) 0.00 0.00
Prob > χ2 1.0000 1.0000
Sigma 2687878.4
Mills ratio (λ) 2,687,878 1.42e þ 13

Table A1.
The Heckman

selection model
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