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[1] In many least developed countries, inadequate user willingness to pay (WTP) to
achieve cost recovery for improvements to substandard rural water services is a major
barrier to reaching targets such as the Millennium Development Goals. A meta-analysis of
21 contingent valuation studies conducted in least developed countries reveals that cost
recovery from user demand is infeasible in most cases, and that rural areas are especially
unwilling to pay enough to finance water service improvements. We argue that this is
largely due to inability to pay cash rather than an absence of demand and propose two
alternative financing approaches that may enable capital deficient communities to afford
improvements. A discrete choice experiment, conducted in a rural catchment of Zambia,
compares conventional cash-based WTP for different water service attributes with two
alternative measures. (1) Willingness to borrow: Monthly payments in cash, with a no-interest
loan given to the user. (2) Willingness to work: Instead of cash, payment in the form of
contributing time devoted to unskilled labor. To different degrees, these alternatives elicit
higher demand and enable cost recovery, providing evidence that demand-driven, economically
sustainable water development efforts, as described here for Simango, Zambia, may be
implemented for rural, resource-poor communities.
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1. Introduction
[2] Extension of improved water services in rural areas

of developing countries, unsurprisingly, is behind that of
their urban counterparts in every region of the world
[WHO/UNICEF, 2010]. Financing is a major cause of this
discrepancy. Traditionally, the water sector has been influ-
enced strongly by the widely held idea that water is a
human right that should be given freely to the poor. This
has proven a hindrance to governments to achieve financial
solvency and to rural communities to take ownership of
improved water sources [Harvey, 2007]. More recently, ‘‘old-
school’’ thought, in which government and external assistance
in the form of grants and concessionary loans are the primary
financing vehicles for achieving water supply improvements
has given way to a focus on the ‘‘demand-driven approach,’’
which stresses the importance of incorporating user demand

(most often, measured as willingness to pay, or WTP) for
source improvements [World Bank, 1993; Rogers et al.,
2002; Briscoe and Garn, 2009]. Alongside this approach,
policy to recover all costs (construction and operation and
maintenance) from users has emerged with the goal of
achieving economic sustainability and project replication
[UN, 1992, 2002; World Water Council, 2004]. While the
full cost recovery approach is gaining acceptance in middle-
income communities due to its benefits of financial sustain-
ability and higher levels of user satisfaction, much debate
exists as to the feasibility of this approach in resource-poor
areas where low WTP has most often ruled out the possibil-
ity of generating adequate revenue.

[3] In this study we investigate the feasibility of the full
cost recovery approach for rural areas of the developing
world. While other standards exist, cost recovery is espe-
cially relevant in this discussion. Since many rural com-
munities lack support services, meeting these objectives
will ensure a project feasibility that is independent of any
external assistance, government service, or subsidy pro-
gram (sustainable or not).

[4] Stated preference studies of improved water services in
developing countries (whose results are compared with our
own results in section 4) have produced disappointingly few
cases in which user WTP is high enough to meet full costs of
such projects. Instead, rural water service programs are often
left in a ‘‘low-level equilibrium trap’’ [Singh, 1993]: Low
levels of service elicit low levels of demand which in turn
generate low levels of revenue for service improvements.

[5] Evidence from these WTP studies may lead one to
conclude that rural residents simply do not want service
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improvements. Yet most studies indicate that WTP com-
prises a high percentage of income, often above the 5%
‘‘rule of thumb’’ [McPhail, 1993b]. In addition, the amount
of time that rural residents are spending to fetch water dem-
onstrates that they are already paying a high price, even
where WTP is low. Whittington et al. [1990c], for example,
found that the revealed value of this time was roughly equal
to the wage rate for unskilled labor in Kenya.

[6] An important, yet overlooked aspect of these WTP
studies is that cash is the only form of payment examined,
even though these cash payments are unlikely to be meaning-
ful in partially monetized economies typical of rural areas of
the developing world, especially when considered against a
status quo that does not involve payment [Stewart and Kahn,
2006]. To some extent, the stated preference discipline has
begun to investigate alternative financing approaches. Hard-
ner [1996] measured demand for water service improvement
in labor time per week for one year toward the construction of
a water purification system for a village, yet did not provide a
comparison with conventional WTP measures. More recently,
Casiwan-Launio et al. [2011] found that villagers’ mean will-
ingness to work, when converted to cash at a fraction of mean
income values, was more than 3 times higher than willingness
to pay for establishing a marine protected area in their com-
munity. Yet, an important question remains for the rural water
service sector: how do rural communities respond to other fi-
nancing mechanisms, and how does this impact their WTP,
and in turn, the feasibility of achieving cost recovery?

2. Discrete Choice Experiment
[7] Our study was based on a discrete choice experiment

(DCE). DCE methods emerged in the field of environmen-
tal valuation in the mid 1990s for their robust experimental
designs, statistical efficiency, and multidimensionality
[Bateman et al., 2002; Louvier et al., 2011]. As opposed to
other stated-preference surveys, DCE approaches decom-
pose scenarios or goods into bundles of attributes, accord-
ing to the household production framework that individuals
derive utility from these attributes, rather than from the
goods themselves [Lancaster, 1966]. Respondents are pre-
sented with alternatives with various attributes and levels
of these attributes, for which they indicate their preference.
According to random utility theory, the utility of each
choice i is composed of an indirect (vi) and a random error
("i) component. Since choice i is preferred if its utility is
greater than alternative j, the probability of i being chosen
is P(i) ¼ P (vi þ "i � vj þ "j). The conditional logit choice
model applies when the indirect utility derived from choice
attributes is given by vi ¼

P
n
�nX i

n where �n is the coeffi-

cient of each attribute Xn with levels corresponding to those
of an improved water service state i. This model assumes
that the distribution of the error term exhibits a type I
extreme value. User WTP is calculated from the coeffi-
cients of the attributes and the cost coefficient.

[8] In this study, household surveys in a rural catchment
of Zambia (N ¼ 403) were conducted to elicit the popula-
tion’s preferences and WTP for improvements in their
household water supply. Thus, in our case, the relevant
attributes n of Xn are given as n ¼ [q], f, c, and fc, where
[q] represents the array of attributes of the water service, f
is the financing method used (‘‘cash,’’ ‘‘loan,’’ or ‘‘labor’’)

to pay the cost c, and fc is the interaction of these two coef-
ficients. The array of relevant individual characteristics [z]
is included in the model as an interaction term with the cost
and financing parameters.

[9] Since valuation of water services is clearly based on
the various attributes of water, DCE methods are particu-
larly useful, as evidenced by several DCE studies in the
field that have been published [Echenique and Seshagiri,
2009; Hensher et al., 2005]. The purpose of this study was
to investigate two alternative measures of demand for water
service improvements in rural areas of least developed
countries and to provide a direct comparison to the conven-
tional WTP approach, which is best labeled WTPCash and
described as users’ willingness to pay a cash tariff for
water service improvements. This study proposed two
alternatives to this convention, and demonstrated how each
could be compared.

[10] In the survey, three financing approaches were
described to finance the capital costs of service improvements
in two years: a monthly cash tariff and the two alternatives
presented below. Operation and maintenance costs were to be
met by current water user fees after this two-year period.

2.1. Willingness to Pay
[11] The part-worth or marginal WTP for any attribute of

water service is given by the relationship [Hanemann, 1984]

WTP ¼ � �n

�c

� �
; ð1Þ

where n is the attribute and c is cost. This value corresponds
to the implicit price, and reflects the level of tradeoffs the
decision maker is willing to make between cost units and
one unit of an attribute of the good. An additional applica-
tion of DCE studies is that the WTP for various policies can
be compared with the status quo situation by calculating the
compensating surplus (CS) for each alternative. This is
given as [Hanemann, 1984]

CS ¼WTP ¼ �
P

q �q�Xq þ �i
f

�c þ �i
fc

 !
: ð2Þ

[12] This represents the willingness to pay for a marginal
water service improvement from the status quo service level
(sq) to a new level of service (i) under a financing method f.
As seen here, the financing method affects user demand in
two ways. First, the inherent marginal utility of the financ-
ing method in the improved scenario (�i

f ) as compared with
the status quo is added to the water service attribute terms.
When related to the marginal utility of the cost, it can be
conceptualized as the part-worth for that financing method,
as in equation (1). Second, the marginal utility of the cost
of water service (�c) is affected by the payment mechanism.
This is represented by the sum of both the coefficient of the
cost and its interaction with the financing method (�c þ
�i

fc). However, when cash is the payment method, as in
WTP, the terms �cash

f and �cash
fc are equal to zero and can be

omitted from the formulation to yield

WTP ¼ �
P

q �q�Xq

�c

� �
: ð3Þ
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Hence the payment mechanism is only accounted for in the
model when an alternative approach is considered.

2.2. Willingness to Borrow (WTB)
[13] Economic theory requires that since water is a normal

economic good, income and WTP (as derived from utility)
for water services are positively related. In many studies in
Least Developed Countries (LDCs), income is a significant
determinant of WTP [Altaf et al., 1993; McPhail, 1993a;
Whittington et al., 1998; Vasquez et al., 2009]. Hence, an
effective financing approach to enhance WTP could be to
increase income levels by providing microfinance for sup-
plemental income generation along with water service
improvements. Also, a loan would ease temporal financing
challenges associated with low savings rates and availability
of disposable cash in rural economies. If ability to pay is a
limiting factor in willingness to pay, a loan would increase
demand for water improvements by increasing ability to
pay. Hence, WTB is introduced in this study as a proposed
measure of the potential of microfinance to enhance WTP. It
is defined as the willingness to pay a cash tariff for water
service improvements while receiving and financing a small,
no-interest capital loan. The payment mechanism is the
same as conventional WTP.

[14] From the perspective of a project implementing this
approach, maximum revenue is a function of demand for a
loan and water service improvement, and would be directed
to both interest on the loan i and water user fees:

WTB ¼WTPðloan;water improvementÞ
¼ iþWater User Fee ¼ Revenue:

ð4Þ

Since users are offered a water improvement-loan package,
the demand for a loan and for a water improvement is com-
bined. From their perspective, decision making is based
only on the final Tariff, where

Tariff ¼ iþWater User Fee: ð5Þ

It follows from this that users are indifferent to the individual
components of the Tariff, and therefore, the interest on the
loan. This study used a no-interest platform and investigated
the Tariff acceptable to respondents, i.e., the water use fee.

[15] The choice model measures the utility gained through
the financing method coefficient ßloan and the change in the
coefficient of cost when a loan is given ßloan�c :

WTB ¼ �
P

q �q�Xq þ �loan

�c þ �loan�c

� �
: ð6Þ

To compare this measure with WTPCash, it is possible to
relate WTB with an interest rate equivalent i at which the util-
ity of the loan-improvement package is the same as that of
the improvement alone. As in equation (5), WTB is demand
for a loan and a water improvement. Thus, demand for the
loan can be isolated from the improvement by subtracting
WTB from WTPCash under any improvement scenario:

WTB�WTPCash ¼WTPðloan; improvementÞ
�WTPðimprovementÞ �WTPðloanÞ:

WTP(loan), the willingness to pay for only a loan, i.e., the
revealed interest rate, would provide an indirect measure of

respondent demand for capital in the context of water serv-
ice improvements. Caution must be used since the demand
for a loan-improvement package may not be a simple addi-
tive relationship of its components ; as discussed above,
one would expect positive interactions to exist between
access to microfinance and demand for water improve-
ments due to the income effect. The magnitude of this
interaction can only be estimated in the context of local
credit market dynamics.

[16] In a constrained credit market such as might be
expected in a rural economy of the developing world,
demand for capital may be higher and market interest rates
well over 10% may be common [de Mel, 2008]. In Zambia,
average commercial lending rates for selected financial insti-
tutions were over 25% in 2005 [Zambia Ministry of Finance,
2005]. The credit market for residents of the study site is vir-
tually nonexistent. Commercial banks do not give loans to ru-
ral farmers without collateral, and the only microfinance
institutions in Livingstone currently cater exclusively to low-
risk, government workers. In such an environment, responses
in favor of loan financing may be higher than in a functioning
credit market, since it is in fact the only credit available to
the area, and is interest free.

[17] The annual interest rate paid for two years acceptable
to loan recipients is given as the difference between the pres-
ent values (discounted at 10%, as is common in other studies
in LDCs [Whittington et al., 2004; McPhail, 1993a]) of the
two demand measures in proportion to the mean loan size
desired by respondents:

i ¼ PV ðWTB�WTPCashÞ
Loan Size

� �
1

2 years

� �
: ð7Þ

This value represents the change in willingness to pay
resulting from the loan, translated into an annual interest
rate.

2.3. Willingness to Work (WTW)
[18] WTW is a measure of demand in which, instead of

paying a cash tariff, users contribute time devoted to unskilled
labor. It has been previously investigated in other contexts:
Tsetse control [Echessah et al., 1997], management of hilly
areas [Muranaka and Terawaki, 2005], forest protection
[Casey, 2004], and marine protected areas [Casiwan-
Launio et al., 2011]. In predominantly subsistence-based
agricultural societies, labor markets are distinctly different
during the farming season, in which most labor is employed,
and the off-season, in which most labor is unemployed. In
such cases, excess labor supplies coincide with a low mar-
ginal value of time due to seasonal off-season unemploy-
ment or inefficient markets. In addition, cash may not be the
only currency of value where bartering or other social trans-
actions predominate. One study, for instance, found that of
the total annual household income of a rural community in
South Africa, only 26.9% was earned through formal cash
methods, and households grew 15.4% of their total liveli-
hood value [Dovie et al., 2003].

[19] Under such conditions, a strategic financing approach
might be to offer users the option to pay for service improve-
ments through off-season labor commitments rather than
cash payments. By replacing cash as a direct currency with a
more widely available commodity, values otherwise masked
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by inability to pay may emerge. It would be expected that in
the case where cash payment prohibits full expression of the
value of water service improvements, user willingness to
work may provide a feasible way of recovering costs if such
willingness is coupled with productive, capital-generating
labor. This study investigates dry season irrigation as one
feasible productive activity and compares it with wages typi-
cal of informal labor at the study site.

[20] WTW is derived in the same way as WTB, with pay-
ments in units of labor hours per week in the dry season—
from April through November:

WTW ¼ �
P

q �q�Xq þ �labor

�c þ �labor�c

� �
: ð8Þ

[21] Since the cost units are different than the status quo,
a coding scheme was introduced to compare time commit-
ments with cash payments. This was done by a unit-less
cost term, proportional to both modes (Table 1).

[22] One cost unit corresponded to 5000 Kwacha per
month or 1 h per week of dry season labor. The inadvertent
discrepancy at one cost unit—2 h per week presented to
respondents coded as 1 h per week in the model—slightly
deflates the resulting WTW values. However, this discrep-
ancy only appeared in 4 of 16 choice sets, or 6 of 48 choice
profiles, and represents a relatively small unit of error (1 h
per week). Furthermore, this deflation indicates that the rel-
ative benefit of the WTW metric found in this study is
slightly understated.

[23] One useful application of this metric is that it can be
used to determine the decision maker’s value of time with
which they trade between cash and labor payments. If
respondents are unable to express their true demand for
improvements through cash payments, they will exchange
a low level of cash for a high amount of time devoted to
working for any desired improvement scenario. This inter-
nal exchange rate may be formulated as

t ¼WTPCash=WTW: ð9Þ

When compared with the local wage rate for unskilled
labor in the dry season (when time commitments are
made), it is possible to gauge how time is valued as a form
of payment. If time is relatively expensive (that is, t is
greater than the wage rate), it would mean that the labor fi-
nancing approach is undesirable, since respondents are giv-
ing time a higher value than its market price when asked to
contribute it toward water improvements. If time payments
are relatively cheap, then respondents are revealing that the
utility gained from using their time to pay for water improve-
ments is greater than it would be when used to earn the local
wage. In this case, the conclusion would be that service

improvements provide a greater value than is revealed by
WTPCash.

[24] This study converts WTW into cash at the local
wage rate for unskilled labor in order to provide a point of
reference for comparison with WTP. While the official mini-
mum wage for the formal sector of Zambia is $57 per
month, or $0.30 per hour, informal farm wages are typically
between $0.10 and $0.40 per hour [Office of the Labor Com-
missioner of Zambia, 1995]. Of course, the dynamics of
local labor markets and the actual feasibility of converting
that willingness into productive labor are crucial in imple-
menting this approach. Yet the central argument of this
study is that such an approach is worth considering, and we
provide evidence from a case study that it is in fact feasible.

3. Survey Distribution
[25] The fieldwork for this study was conducted at the

beginning of the rainy season, when farmers plow and sow
their fields, December 2009, using a randomized sampling
of 403 households from 27 villages surrounding and includ-
ing Simango, the municipal administrative center for that
region of the Kazungula District. The survey was designed
as an interview to be administered by a local team in the
native language, Tonga. Training of these six residents of
the Simango area took place over three weeks, during
which feedback was received regarding various aspects of
the survey design. In addition, pretests with 12 local resi-
dents not involved with the survey administration were
conducted using a ‘‘think-aloud’’ probe in which respond-
ents in a pilot survey describe their thought process out
loud throughout the interview [Presser et al., 2004]. Trans-
lation of the survey was confirmed by a back-translation
from Tonga back to English, to assure fidelity of meaning,
and discussed and edited with bilingual residents.

[26] A list of the 22 villages served by the Simango
health clinic was used to plan a cross sectional sampling. A
proportional number of the 800 households in those vil-
lages was calculated to achieve a sample size of 300. In the
end, five other villages were visited adjacent to the area, for
a total of 403 households. Interviews were conducted in
three weeks by the team, which traveled by vehicle to the
27 different villages, then by foot or bicycle into random
directions. Typically, half of the group began near the vil-
lage water source, and half began at a random location
along the village road. Interviewers then proceeded in a
unique, random direction until reaching a household. Heads
of household were requested to take some time for a
research study, after which the interview took place, either
in the homestead or, if necessary, in the adjacent fields.
Interviews lasted on average 45 min, and were conducted
in the afternoon, from noon until sundown, since during
that time of year, farmers plow their fields in the morning.
In addition, interviews were conducted at the local health
clinic in Simango Center. Nonresponses were recorded if
households refused to be interviewed. Due possibly to rural
enthusiasm for water supply projects, this rarely occurred:
the response rate is 96%.

3.1. Study Site
[27] In 2007, Zambia ranked 164 out of 182 countries on

the Human Development Index (HDI), indicating that it is

Table 1. Cost Terms Mapped to Financing Approaches in the
Choice Model

Cost Term in Model Kwacha Per Month Hours Per Week in Dry Season

1 5,000 2
5 25,000 5
10 50,000 10
20 100,000 20
40 200,000 40
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one of the least developed countries in the world [UNDP,
2009]. The study site, Simango, is 57 km north of Living-
stone, a popular international tourist destination adjacent to
the Victoria Falls, and a regional capital of Southern Prov-
ince. Average yearly precipitation in the region is 650 mm,
90% of which falls between December and February [Japan
International Cooperation Agency (JICA), 2005]. Most of
the residents conduct rainfed farming of maize, which is the
staple food. The labor calendar is highly seasonal: the agri-
cultural season lasts from November until May, after which
farmers allow their fields to fallow and do little agricultural
work, if any. Typically, a household earns income partly
from the surplus yields of a good harvest and through supple-
mental income-generating activities including livestock
production, brick-making, gardening, beer-brewing, construc-
tion, or other business activities. While two main roads inter-
sect in Simango, vehicular traffic is infrequent and limited to
high clearance vehicles. Residents pay 18,000 Kwacha
($3.80) for a one-way ride on a private truck that makes daily
trips to and from Livingstone. While most of the villages are
without electricity, Simango Center benefits from electrical
infrastructure built to service the local health clinic and pri-
mary school. It is home to 19 households, with 85 scattered
throughout Simango Village—a microcosm of the low-den-
sity demographics in the study site. Mean village size is 51.7
households (SEM 1.50) with a range between 7 and 88.

3.2. Survey Design
[28] The DCE survey included five sections covering the

following: (1) Current water service levels, (2) a proposed
loan, (3) water improvement preferences, (4) choice experi-
ment, and (5) socioeconomic questions. The second section
consisted of a description indicating the possibility that the
respondent receive a loan at no interest to earn income and
pay back with revenues generated within 2 years. Respond-
ents were asked to indicate how much they would borrow
(between 100,000 and 5,000,000 Kwacha or $21–$1060)
and whether they prefer to take a personal loan or join a
community loan program. This formed the basis for the
WTB financing method discussed in the text.

[29] In the fourth section, the respondent was asked to
indicate his preference for eight choice sets. Each choice set
consisted of four possibilities: three water service scenarios,
and the status quo: ‘‘My current source.’’ A partial factorial
design of the attribute levels was generated using the JMP
(SAS) choice model module to ensure orthogonality as well
as to allow for analysis of interaction effects between financ-
ing and cost. The orthogonal design was generated for 6
attributes, 8 choice sets per survey, 3 choices per choice set,
2 surveys, and 150 proposed respondents per survey for a
total of 11,448 observations (4 choices � 8 choice sets �
403 respondents, minus missing responses).

[30] Discrete choice experiments face several validity
challenges. Respondent fatigue during complex choice
tasks may result in simplification strategies instead of real
decision making. In addition, by simplifying products into
a list of attributes, the attributes included may influence the
decision. Furthermore, since some may be irrelevant to
individuals, effort is needed on the part of respondents to
filter through unimportant attributes.

[31] In this study, these challenges were addressed by pre-
testing the attributes included (and discarding the attribute

reliability), minimizing the complexity of the choice sets
(only three attributes were altered in any given set) and by
using pictorial choice cards in order to aid in the decision
process, as implemented by Echenique and Seshagiri [2009].
Furthermore, in order to increase the realism of choice sets, 5
of the 16 choice sets found to be highly predictable were
altered. In these sets, the choice level of one attribute was
adjusted to make the choice set more meaningful. Statisti-
cally significant results confirm that this did not cause a
significant impact on design orthogonality (i.e., statistical
power). Internal validity was measured by randomly repeat-
ing one choice set and checking responses for consistency.
Of 190 repeated cards, 160 (84.2%) were consistent, suggest-
ing that for the most part, respondents understood the choice
tasks and the above challenges were minimized.

[32] Strategic bias, a common problem in stated prefer-
ence studies, occurs when responses are strategically changed
to alter the outcome of the study, rather than to reveal true
preferences. Perhaps the most likely source of this bias in the
present study would be as a result of respondent perceptions
of how the financing approaches would actually be imple-
mented. Specifically, the credibility of penalties for loan
default or simply not showing up to work may play an impor-
tant role in determining financing preferences. To minimize
this, the survey instrument mentioned that failure to repay the
loan would result in their names being blacklisted with the
government, and that work commitments were to be imple-
mented with the oversight of the same water development
program.

[33] Attributes included in the choice experiment are
presented in Table 2.

[34] The quantity attribute may have been interpreted as
either a capacity constraint or a fixed amount, in which
case disutility of excess water would impact responses.
While no special explanation was given to respondents
regarding the fact that these quantity levels were capacity
constraints, we would argue that the context here would
nullify the latter interpretation. The concept that water that
is available must be used is foreign to respondents. All
water sources are ‘‘self-serve’’ including both the majority
who use hand pumps as well as the minority who take
water from dams, hand-dug wells, and the riverbed. Excess
water stays in the source and does not cause problems for
those who have it. The same principle would apply to water
service improvements. Respondents could choose to use all
or some fraction of the water quantity available to them,
just as they are doing already with their current sources.

[35] As can be seen, financing methods consisted of
varying payment intervals as well as modes. Status quo
levels were calculated for each respondent based upon
responses in section I of the survey instrument.

4. Results
4.1. Respondent Characteristics

[36] Respondent characteristics are summarized and,
where data is available, compared to rural Sub-Saharan
Africa as a whole in auxiliary material Table S1.1

1Auxiliary materials are available in the HTML. doi:10.1029/
2010WR010147.
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[37] In general, the sample is representative of rural SSA
with a few exceptions. On average, households spend 80.8
min per day (40.4 h per week) fetching 22.4, 20-L contain-
ers of water that is of medium to high quality and takes
30.4 min to fetch. Respondents are strikingly poorer than
regional averages, with the vast majority below accepted
poverty lines. While a higher percentage (77.2%) use
improved water sources (boreholes), and consume more lit-
ers per person, a larger proportion than average spend 30
min or more per trip, and pressurized taps are nonexistent.
Since these divergences are above and below rural SSA
averages in different dimensions, they do not necessarily
point to any overall divergence from the average water
service level for rural SSA (such as might be calculated in
the water poverty index of Sullivan et al. [2003]). The vast
majority are small-scale farmers.

[38] Almost all (97.5%) households would take a no-in-
terest loan to be paid back monthly over 2 years. Most
would use the loan for buying inputs for farming maize,
such as seeds and fertilizer, while some would conduct gar-
dening, raise livestock, or engage in other business activ-
ities. Mean desired loan size ($478, SEM ¼ 19.58) is
roughly 140% of the mean annual household income ($345).

4.2. Conditional Logit Model
[39] A conditional logit approach (CLOGIT, STATA

9.1) was used to model water service preferences. Parame-
ter estimates for attributes and significant interactions are
presented in Table 3.

[40] Model estimates show that all attributes included in
the choice experiment are important to respondents at sig-
nificant levels. Except for water-drawing method, all pa-
rameter estimates for attributes are in the direction we
would expect : quality and quantity are positive; time to
fetch and cost are negative. The negative direction of taps
must be explained by respondent unfamiliarity or confusion
with piped water services, since hand pumping takes more
effort to draw water. The significant interaction between
financing�cost confirms the hypothesis that the financing
method influences respondent WTP. More precisely stated,
the impact of the financing method is stronger with regard
to the marginal utility of the cost than with inherent utility
derived from the financing method itself. This interaction is
in fact more important than the financing method alone.

The fact that it is positive reflects a strong income effect
such that at higher incomes (lower costs), preference is to
pay in cash, and at lower incomes, loan and labor financing
become more attractive.

[41] The alternative specific constant (ASC) described in
Table 3 represents the direction and amount of utility associ-
ated with the status quo option not directly reflected in the
attributes. As it is negative and significant, it appears that
respondents express a strong preference against the status
quo option, reflecting their desire for service improvements.

Table 2. Attributes and Corresponding Levels Included in Choice Setsa

Attribute Choice Levels Status Quo

Quality Low—not potable at all Mediumþ
Medium—potable after treatment
High—potable without treatment

Quantity (20-L containers per
household per day)

10
50 22.4
500

Time to fetch (minutes roundtrip) 0, 5, 15, 30, 60 30.4
Water-drawing method By hand By hand

Pressurized tap
Cash (Kwacha per month for 2 years) WTPCASH Cash

Financing Method Loan (Kwacha per month for 2 years) Measure of Demand WTB
Labor (hours per week in dry season, for 2 years) WTW

Cost See Table 1 0

aStatus quo is approximated from survey results (see Table S1).

Table 3. Conditional Logit Model Results

Parameter Coef. SE z P > jzj

Water service attributes ([q])
Quality

Low �1.9358 0.1611 �12.02 0.000a

High 0.5899 0.0906 6.51 0.000a

Quantity 0.0014 0.0002 6.16 0.000a

(20-L hh�1 day�1)
Time to Fetch (min) �0.0129 0.0021 �6.05 0.000a

Water-drawing method
Tap �0.4482 0.0935 �4.80 0.000a

Financing method (f )
Loan 0.3735 0.2773 1.35 0.178
Labor hours 0.8409 0.2031 4.14 0.000a

Cost (c) �0.0807 0.0102 �7.93 0.000a

Financing�cost (f �c)
Loan�cost 0.0421 0.0115 3.65 0.000a

Labor�cost 0.0564 0.0096 5.88 0.000a

Individual parameters ([z])
Bags maize�cost 0.000056 0.0000251 2.23 0.026b

Bags maize�financing
Bags maize�loan 0.0020 0.0009 2.23 0.026b

Bags maize�labor 0.0003 0.0007 0.44 0.662
ImpInc�financing

ImpInc�loan �0.2559 0.1191 �2.15 0.032b

ImpInc�labor �0.2140 0.0928 �2.31 0.021b

Loansize�cost 3.64e�06 1.71e�06 2.13 0.033b

ASC �0.1740 0.0819 �2.12 0.034b

Model statistics
Respondents 403
N 6796
LR Chi2 569.08
P > Chi2 0.0000
Pseudo R2 0.1131
Log likelihood �2232.0759

aConfidence �99%.
bConfidence �95%.
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[42] Socioeconomic parameters that significantly influ-
ence decision makers’ choices include the interaction of
cost with the annual average yield of maize, in 50 kg bags
(Bags Maize), as a proxy for income, as well as the interac-
tion of financing method with the respondent’s valuation of
the income generation potential of improved water services
(ImpInc: 1 ¼ ‘‘very important,’’ 3 ¼ ‘‘not important at
all’’) and the intended size of the loan to be borrowed, in
thousand Kwacha (Loan Size). All other socioeconomic
characteristics (age, household size, gender, and holding
size) proved insignificant when these covariates were
included in the model. Overall income calculated from the
summation of the number of bags sold and any off-farm
income did not significantly affect respondent choices.
Thus, we argue that Bags Maize serves as a reliable proxy
for income, which indicates the importance of maize in the
economy. Its interaction with cost suggests that those with
higher subsistence incomes are less price sensitive to water
service improvements (i.e., willing to pay more). It seems
that the income generation potential of improved water
sources plays a significant role in the decision-making pro-
cess: the more important this is to respondents, the more
they value financing with a loan. Loan size interacts signifi-
cantly with loan financing: preference for taking a loan is
positively related to the amount intended to be borrowed.

4.3. Willingness to Pay, Borrow, and Work
[43] Willingness to pay, borrow, and work as compensat-

ing surplus are derived from the attribute levels of both the
status quo and choice alternatives, as well as the coeffi-
cients of the attributes and of the interaction between cost
and financing method. Figure 1 presents these results con-
verted for comparison into continual monthly cash pay-
ments, with a discount rate of 10%. For comparison, mean
household income of the study area is $28.75 month�1.

[44] Each surface represents the demand curve for serv-
ice improvements under the three financing approaches for
the water service attributes, time to fetch, quantity, and
quality within a range of values corresponding to relevant
service improvements. The financing approach significantly
affects user demand for water service improvements (Table
S2). As hypothesized, loan and labor financing elicit higher
levels of demand than cash, which may be evidence that
under these approaches, respondents are less constrained
by inability to pay. The revealed interest rate and the value
of time when paying for improvements offers support to
this claim.

[45] The revealed interest rate i for mean WTP values and
a mean loan size of $478 is between 0.37 and 0.82, depend-
ing on the magnitude of service improvements and the
actual loan size given. That is, if respondents were asked to
pay for a loan-improvement package in terms of interest on
the loan, they would be willing to pay an annual rate of
between 37% and 82% for 2 years. Certainly, demand for
water service improvements under this financing approach is
coupled with demand for capital in a severely constrained
credit market and it is unclear to what extent respondents
are expressing demand for capital or for improved water
services (with a higher income). It is most likely a combina-
tion of both, which would suggest that enhanced ability to
pay is one element of the elevated demand for this approach.
Either way, users expect high returns on microfinance, and

as a result, are willing to pay significantly more for water
service improvements in combination with a loan than for
water service improvements on their own.

[46] The revealed value of time as a form of payment is
calculated for mean values of WTP within the realm of rel-
evant service improvements, in current monthly units.
Households reveal that they place a very low value on time
when paying for improvements: 1 h is worth between
$0.038 and $0.068. While returns to dry season labor are
expected to be less than those associated with residents’ pri-
mary wet season income source (estimated at $0.25 per h
from cultivation of maize), 1 h engaged at unskilled labor
may certainly earn more than this low range even in the off
season. This demonstrates that significant utility gains are
expected from water improvements, for which respondents
are willing to contribute a comparatively high amount of
time.

4.4. Cost Recovery
[47] Figure 2 presents the results of the study for three serv-

ice improvements appropriate for rural areas in comparison
with other cash-based stated preference studies [Arlosoroff
et al., 1987; Fraenkel and Thake, 2006; Table S3].

[48] One major point emerging from a review of these
21 studies is that WTP (at a significant level) and the bene-
fit-cost ratio (not at a significant level) are lower in rural
than in urban areas. Mean WTP in rural communities of

Figure 1. Demand surfaces for water service level
improvements to the status quo. Cash elicits the lowest
demand among households in the study area, and labor,
when earning the local informal wage, the highest. WTPLabor
is determined for the scenario in which the productivity of
labor contributed is equivalent to a typical farm wage in
Zambia, $0.25 per hour.
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50,000 or less is less than one fourth of the mean WTP of
larger communities, a significant difference (Table S4).
Where population densities are low, markets are thin, and
the unit cost of delivering social services and infrastructure
is high. As a result, a disconcerting trend appears to arise in
rural areas, where WTP tends to be lower and costs of pro-
vision are systematically higher: remoteness brings a cate-
gorical double disadvantage to attaining full cost recovery.
Based on the benefit-cost ratios, cost recovery appears to
be infeasible at all service improvements and financing

mechanisms, except for public hand pumps financed by WTB
or WTPLabor. While public hand pumps are quite low on the
service level spectrum, a majority of study site residents
(58.7%) receive even lower levels of water service, and would
in fact experience improvements under such a scenario.

5. An Investigation Into Implementation
[49] While these results provide encouraging stated

preference evidence that cost recovery may be possible

Figure 2. Improvements in water services in LDCs: meta-analysis of WTP and corresponding benefit-
cost ratio. Maximum WTP and, where available, corresponding benefit-cost ratio (BCR) of all obtained
published CV studies (N ¼ 21) related to improved water supplies in developing countries, adjusted for
inflation to 2010 [US Bureau of Labor Statistics, 2010]. Bars represent the ranges reported in each case,
color coded (green, red, and blue) for public taps, private connections, and other service improvements,
respectively. Studies are grouped into rural and urban, with urban areas tending to elicit higher WTP and
higher feasibility of cost recovery. When BCRs are given by the author, this is indicated on the secondary
(right hand) axis. A ratio equal to or greater than one indicates that full cost recovery is considered feasi-
ble. The asterisk (�) denotes results of the present study. Depending on the study, WTP (and BCR) is cal-
culated for various kinds of water service improvements ranging from improved public standposts to
improved private taps. In our study, the ranges for several technological approaches are given (the one
yielding the highest benefit-cost ratio is borehole with a hand pump at a distance of 1 km or less from
each household). As can be seen, while WTPCash makes cost recovery infeasible in most studies, including
our own, the observed ranges of WTB and WTPLabor correspond to fair and high feasibility levels corre-
spondingly. References: 1 [Reddy, 1999]; 2 [Singh, 1993]; 3 [Rodriguez et al., 2009]; 4 [Whittington
et al., 1990a]; 5 [Altaf et al., 1993]; 6 [Whittington et al., 1990b]; 7 [North and Griffin, 1993]; 8 [Whit-
tington et al., 1998]; 9 [Briscoe et al., 1990]; 10 [Farolfi et al., 2007]; 11 [Calkins et al., 2002]; 12
[McPhail, 1994]; 13 [McPhail, 1993a]; 14 [Casey et al., 2006]; 15 [Soto and Bateman, 2006]; 16 [Whit-
tington et al., 2002]; 17 [Whittington et al., 2004]; 18 [Al-Ghuraiz and Enshassi, 2005]; 19 [McPhail,
1993b]; 20 [Whittington et al., 1991]; 21 [Vasquez et al., 2009]; 22 [Echenique and Seshagiri, 2009].
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even in rural areas that cannot afford to pay cash for
improvements, the actual feasibility of implementing these
alternatives is contentious. For one, users are not familiar
with water programs that act as microfinance institutions
or as benevolent employers and such roles are certainly
above and beyond the normal market considerations of
profit-maximizing business. Furthermore, the complica-
tions arising from such approaches may outweigh the sup-
posed benefits.

[50] We argue that while these concerns are important,
overcoming them is not impossible, especially given the hy-
pothetical market incentives presented here. In some cases,
this has already been done. Consider the global success of
microfinance—out of Sub-Saharan Africa’s 48 countries, 34
(including Zambia) have an operational microfinance institu-
tion [Mondal, 2009]—and the more limited but emerging
movement of small-scale outgrower or contractual agricul-
ture schemes in the developing world—of Zambia’s 800,000
farmers, over 200,000 receive inputs on credit to grow cotton
for an agricultural company. The annual capital equivalent
of inputs disbursed on credit by these companies is over $10
million [Agrifood, 2005]. These two examples in fact present
working models that could be adapted to the rural water
sector.

[51] Loan financing could be implemented by a microfi-
nance institution with the technical resources to offer water
improvements. In such cases, the group lending model
introduced by the Grameen bank would be particularly ap-
plicable, since many rural water service improvements
apply to communal water sources [Ahmed, 1989]. Such a
program could offer users a no-interest (or even a low-in-
terest) loan along with a water service improvement to be
financed by a monthly Tariff as in equation (5). Since inter-
est and water fees are combined, continued use of the serv-
ice improvement could be used as a last-option collateral
(something which many rural residents lack), reducing risk
to the loan program.

[52] Labor financing could be implemented by organiz-
ing a cooperative irrigation scheme at the improved water
point and managing production in a manner similar to that
of outgrower schemes. Participants would commit a certain
requirement of hours per week for the duration of two dry
seasons to horticultural production, which would generate
revenue for cost recovery of both agricultural and water
service investments. Water could be used for both domestic
purposes and for irrigation of a high-value crop [Polak,
2005]. In addition, this ‘‘water-for-work’’ program could
secure a more promising market for such produce, consider-
ing the larger scale and management advantages of such
outgrower approaches. Hand watering and low-pressure
(gravity) drip irrigation, a low-cost technique shown to pro-
duce water productivity gains of between 50% and 250%
for various crops, are compared [Postel et al., 2001]. Yields
of 20 T ha�1 are conservative estimates for drip-irrigated
peppers as compared to 35 T/ha produced in a field experi-
ment [Sezen et al., 2006]. Prices of produce and inputs are
based upon observations at the study site during the period
of the survey (2010). For an average daily dry season ET of
5 mm [JICA, 1995] and a 7 month growing season, each
half-hectare scheme requires irrigation of 5250 m3 per sea-
son, or 25 m3 per day. Agronomic details for irrigation of
bell pepper plants are displayed in Table 4.

[53] To investigate implementation we propose improve-
ment scenarios for several communities of the study site
that receive water services below, at, and above the status
quo. Scenario A involves a community that does not have
its own borehole, but its 15 households must travel 1 h to a
nearby source of medium quality to fetch 25 containers.
This group may benefit from a new borehole in their village
that supplies the status quo service level : 25 containers of
high quality water that take 30.4 min to fetch from a bore-
hole and hand pump. Scenario B corresponds to the status
quo situation in which 15 households currently receive the
average levels of the service attributes of the study area.
This group may benefit by replacing the hand pump with a
submersible pump and storage tank that supplies 50 con-
tainers per household from a public tap. In scenario C, a
better-served group of 40 households living in the village
center may be offered private household taps by improving
their hand pump. These improvement scenarios are sum-
marized in Table 5.

[54] The willingness to pay, borrow, and work for these
scenarios as derived from the choice model, as well as their
financial performance from a cost recovery perspective are
summarized in Figures 3 and 4.

[55] Clearly, the financing approach affects a water de-
velopment program’s fiscal performance tremendously.
Cash financing is unable to recover costs for three water
improvement scenarios relevant to the study site. Loan fi-
nancing may offer a step up from this approach: cost re-
covery is feasible under one of the three scenarios, while
another scenario fails very slightly. However, costs for this
approach are relatively high due to capital requirements for
loan distribution of $478 per household, as well as the risks
and high levels of administration associated with microfi-
nance. While the results shown in Figure 3 do not include
these costs, a sensitivity analysis shows that to maintain
cost recovery, 10% of the loan could be deducted annually
to recover these financing costs in scenario A. By reducing
risks through group lending and maintaining project over-
sight, these costs may also be recovered.

Table 4. Agricultural Costs and Revenues for 2 Years for a 5000 m2

Cooperative Irrigation Scheme

Agricultural Inputs Quantity Cost ($)

Drip irrigation lines 2,500
Booster pump 1 550
Venturi fertilizer injector pump 1 60
Fertilizer (annual)

Compound D (10-20-10) 540 kg 400
Potassium nitrate 560 kg 820
Calcium ammonium nitrate 150 kg 120
Magnesium sulfate 365 kg 200

Lime 2,500 kg 150
Bell pepper seeds 200 g 50
Pesticide/fungicide 100
Fencing 350 m 1,000
Transportation (roundtrip to Livingstone) 20 trips 1,000
Total (2 years)

Drip irrigation 10,200
Hand watering 6,540

Agricultural Revenue
Yield (kg) Price ($ kg�1) Revenue ($)
20,000 1.50 30,000
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[56] These results must also be filtered through the local
credit market at the study site. Demand for capital in such
a constrained credit market is obviously a key reason why
WTB values are so much higher. We expect that these dif-
ferences would be diminished in areas where microfinance
is more readily available, in which case demand for a loan-
improvement package would approach demand for the
improvement alone. Nonetheless, rural credit markets tend
to be constrained and despite the growth of microfinance, a
majority still lies beyond its reach: only in eight countries
do microfinance borrowers account for more than 2% of
the population [World Bank, 2009].

[57] Labor financing provides another improvement to
the conventional approach. All three scenarios investigated
are financially viable through a water-for-work program.
Stated willingness to work exceeds the cost recovery labor

requirements of irrigation as well as of labor that earns the
typical informal wage. The benefits of irrigation as part of
a water development project are prominent : wage rates are
4 to 12 times higher than the informal wage. Since all labor
is organized at the improved water source, the payment
method is embedded within the product offered, reducing
risk of payment failure.

[58] While the informal wage rate ($0.25 per h) is given
as a point of reference, actual revenue generated from pro-
ductive labor activities may diverge from that value. This
wage is derived from the yields of typical wet season farm
work (cultivating maize). Thus, caution should be used
when applying this figure to dry season, unskilled labor.
Other productive activities (i.e., brick-making or dairy pro-
duction) may offer similar returns to labor, and could be
managed in a similar way to the irrigation scheme outlined

Table 5. Improvement Scenarios Applied to the Choice Model

Scenario A Scenario B Scenario C

Improvement New borehole and hand pump Hand pump to public tap New private taps
Households 15 15 40
Quality High (no change) High (no change) High (no change)
Quantity (containers) 25 (no change) 25 to 50 25 to 50
Time to fetch (min) 60 to 30 30 to 15 15 to 0
Pump Hand (no change) Hand to Tap Hand to Tap

Figure 3. Financial performance of cash and loan financing by improvement scenario. Costs, benefits,
and net revenues for scenarios A, B, and C are presented. WTP and WTB values (indicated by the top
bar of each dotted line) for those service levels are deduced from the choice model according to equa-
tions (3) and (6). Cash financing does not enable cost recovery for any scenario. WTB values enable cost
recovery for scenario A, with scenario C slightly infeasible. Figures are based on a project duration of
2 years, as described in surveys. See Table S6 for supporting data.
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above. To the extent that there are activities capable of
yielding a return similar to that of informal wages, cost re-
covery through WTW appears to be a promising approach
for sustainable water development.

6. Conclusion
[59] In this study we found that, like many rural com-

munities, residents of the Simango area are willing to pay
only a fraction of the costs for various water service
improvements. When they are offered microfinance or the
option of paying time instead of cash, however, their
demand for improvements is shifted significantly: these
two alternatives to cash financing elicit higher levels of
demand that, in most scenarios, could be translated into full
project cost recovery. Inability to pay for improved water
services on a cash platform appears to play a significant
role in explaining these responses, since the magnitude of

this demand shift may only be partially explained by the
dynamics of the local credit and labor markets.

[60] Although the relatively short 2-year lifetime proposed
in this study could be extended to a more common 10 or 15
years, our results indicate that projects financed by these
alternatives would be able to recover costs amortized in the
short term, and thus expand services at a faster rate. The high
WTB we have found suggests that productive activities are,
indeed, on the horizon of possibilities of resource-poor com-
munities, who are willing to pay enormously for the capital
necessary to improve their livelihoods. The global microfi-
nance experience may be adapted to the rural water sector to
provide a feasible working model for implementing the WTB
approach. Loan-improvement packages would be highly pop-
ular and, since most rural water service improvements are
communal, would align well with the group lending model.
The high willingness to work demonstrated by our findings
suggests that rural resource-poor communities may, in fact,
possess a wealth of labor that may itself pay for water service
improvements. Outgrower irrigation, as suggested here,
would outperform all other financing approaches. While the
above applications illustrate the general potential for these
approaches to promote cost recovery, to our knowledge, these
approaches have not been implemented in the field. Revealed
preference studies should be done to provide further insight
into these results, such as might be conducted in a nonhypo-
thetical, natural field experiment. In addition, the role of rural
inability to pay should be more precisely weighed against
other hindrances to demand for water improvements.

[61] Acknowledgments. The authors would like to express their grati-
tude to the Grace & Hope Charitable Trust, USA for the financial support
for this research. We also thank Prof. Vic Adamowicz for his help through-
out the study.
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