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ABSTRACT. In Rwanda, rural water supply is not uniformly distributed. Rural areas are
characterized by differences in the distance to the nearest water point and in water quality
for domestic water, by watering frequency and water availability for irrigation water, and
by the price for both. A household’s perception of further improvements in water sup-
ply will, therefore, depend heavily on the situation it currently faces. The authors used
a choice experiment to model how the individual status quo (SQ) affects preferences.
Accounting for individual SQ information improves model significance relative to sim-
ply using the generic SQ parameter in the model, and the willingness to pay increases.
Not using this information leads to a downward bias — and, in some cases, statistical
insignificance — in estimates of households” valuation of health improvements linked to
improved domestic water availability, as well as of increased watering frequency linked
to the improved availability of irrigation water.
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1. Introduction

This paper is about the willingness to pay (WTP) for an improved supply
of water for domestic and irrigation use in rural areas of Rwanda. We used
a choice experiment (CE) in which individual status quo (5Q) information
was used to improve model fit.

Studies applying stated preferences have primarily used hypothetical
baselines. This was mainly because researchers either wanted to know
how respondents would react if circumstances changed and a new pol-
icy were to be introduced, simply as a matter of convenience in study
design, or in order to minimize protest responses for a controversial SQ
condition (Whittington and Adamowicz, 2011). However, using hypothet-
ical baseline conditions can confuse and spread misinformation among
the studied population, and can also influence the policy process itself in
unfortunate ways (Whittington, 2004). As discussed in Whittington and
Adamowicz (2011), for example, using a hypothetical baseline renders the
results of the valuation study less policy relevant if respondent preferences
and behaviour are based on the current baseline SQ condition rather than
on the hypothetical baseline.

Following this criticism, in this paper we used current information about
the SQ and observed how this performed. We found that not employing
individual 5Q information reduced the significance of the model in both
domestic and irrigation water use and, in several cases, led to downward
bias in the sizes of the estimated coefficients. If the current variation in the
SQ is not taken into account, the WTP is underestimated in comparison
with when it is taken into account. Thus, if the variation in SQ is ignored,
the erroneous policy conclusion would be that rural households” demand
for improved water provision — both for domestic water use and for irri-
gation purposes — is lower than it actually is, potentially contributing to
continued underinvestment in the sector.

2. Background

Domestic water in rural Rwanda is supplied under several management
options, with wide variations across regions with regard to the quality of
water, the price of water and the distance to the nearest water point. Most
rural areas are supplied either by natural water sources or (in a few cases)
by regional water utilities. Less than 1 per cent of rural households have
piped water to their premises (Republic of Rwanda, 2012): most house-
holds rely on other alternatives, namely public taps! (30 per cent), tube
wells? (19 per cent), protected or unprotected springs® (28 per cent), surface
water (10 per cent) and others (12 per cent).

L A public tap is a public water point, stand post or kiosk at which people can
purchase water.

2 A tube well is deep hole that has been drilled for the purpose of reaching ground-
water supplies. Water is delivered through a pump, usually powered by human
means.

3 Unprotected springs are subject to run-off, bird droppings or the entry of animals.
Protected springs are shielded from this by a ‘spring box” constructed of brick,
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The average walking time from a homestead to a drinking water source
is estimated to be 29 minutes in rural areas, with disparities within and
especially between different districts (Republic of Rwanda, 2010). The fail-
ure of the rural water access and delivery system reveals that financing
mechanisms are not designed to allow revenues from water consump-
tion to help cover supply costs. Thus, in order to improve water sup-
ply, most rural water consumers would need to pay more, in one way
or another. Furthermore, the heterogeneity in baseline status of access
to water and in socio-economic characteristics might cause variation in
individual preferences for the same improved service.

Uneven distribution of irrigation water through different parts of the
country, and the resulting dependence on rain-fed agriculture, has become
an issue. For example, rainfall is high in the west, but low in the east. This
situation explains why some households that farm during the dry season
receive abundant water, while others lack sufficient water to grow crops
during the same period. Thus, water availability and watering frequency
differ among farmers and across regions.

Irrigation schemes in Rwanda can be classified into three broad cate-
gories: marshland irrigation (state-owned lands where farmers are allotted
plots on lease and share a common, state-managed, irrigation infrastruc-
ture); hillside irrigation (characterized by pressurized systems developed
on privately owned hillside land, but managed by a group of small-scale
farmers using a common irrigation infrastructure); and small-scale irrigation
(small, privately owned garden plots with a common irrigation infrastruc-
ture also managed by a group of small-scale farmers) (Republic of Rwanda,
2010). For each defined irrigation scheme, all water users are grouped into
what are known as water user associations (WUAs).*

Although a comprehensive irrigation development policy exists, less
than 2 per cent of the total agricultural land is covered by state-run irri-
gation schemes. Irrigation is more widely used than in many other African
countries, but small-scale informal irrigation dominates (Nahayo, 2008).
Most of these arrangements were developed locally with little or no outside
technical assistance (Republic of Rwanda, 2010). Irrigation water comes
mainly from rivers, streams, lakes, rainfall and aquifers. Farmers practising
small-scale irrigation harvest rainwater in small earth dams with simple
drip technologies (Gasore et al., 2015).

Given the current heterogeneity in irrigation practices due to differ-
ences in access to water, the ongoing strategic developments — which
prioritize the intensification of current production systems by mechanized

masonry or concrete, built around the spring so that water flows directly out of
the box into a pipe or cistern without being exposed to outside pollution.

4 Each such association is endowed with a legal personality in view of the man-
agement, enhancement and sustainability of the water resource and irrigation
scheme. The Ministry of Agriculture and Animal Resources transfers responsi-
bility for the operation and maintenance of an irrigation scheme to the WUA. The
latter, together with the district in which it is located, signs a management transfer
agreement.
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irrigation — need to incorporate the design of appropriate instruments that
respond to the specific individual context (Narayanan, 2014).

3. Methodology

3.1. The choice experiment method

Application of the CE method is relatively new in the field of water
resource economics. Young (2005) presents a detailed discussion of concep-
tual issues related to water valuation, such as the use of water as an input to
production. He notes that, for most goods traded in markets, prices reveal
a product’s scarcity via the signals it sends; whereas, for publicly provided
goods and goods with a strong public good component, such as water, clear
price signals are often lacking. In these cases, indirect valuation methods
are needed. However, for developing countries, the use of CE to analyse
water demand has been quite limited.

Thus, only a few studies have used CE to analyse households” WTP for
improved domestic water services. Echenique and Seshagiri (2009) used
CE for a wide range of water provision attributes in Hyderabad, India, and
found that the WTP for improvements substantially exceeded their costs.
They found that current attribute levels were likely to affect respondents’
WTP for additional improvements, but nonetheless used average current
attribute levels for their SQ option. Kremer et al. (2011), using revealed
choice data to study the tradeoff between improved water quality (and
associated health improvements) and walking distance to water, found that
households in rural Kenya valued improved water quality at relatively low
levels compared with water accessibility and time spent collecting water.
Abramson et al. (2011) compared different payment vehicles for improved
water provision in rural Zambia and found that, if respondents could pay
by providing labour rather than money, their overall WTP was higher;
however, the authors cautioned, this would only apply if that labour could
actually be used for productive activities that warranted the market wage
rate — which was debatable in rural settings and especially so since the
labour would be provided during the low season. Tarfasa and Brouwer
(2013) used the CE method to elicit households” WTP for improved water
supply services in an urban area in Ethiopia. Despite significant income
constraints, households were willing to pay up to 80 per cent more than
their current water bills for improved levels of water supply. Women and
poor households with the lowest service levels attributed an even higher
value to improved water supply services.

Regarding water for irrigation, there have also only been few studies so
far. Brebbia et al. (2010) elicited the most preferred water pricing method
under different water rights, water prices and local irrigation water gov-
ernance contexts in India. The results showed that, under conditions of
improved water rights, there was an increase in the preference for vol-
umetric pricing, while this preference decreased with the presence of a
WUA. Furthermore, combining water management tools selectively helped
to increase the WTP for an improved supply scenario. Also in India, Chel-
lattan Veettil et al.(2011a, 2011b) investigated farmers” preferences for and
the efficiency of a given pricing method based on WTP estimates, finding
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that farmers preferred all the proposed alternative pricing systems to the
existing system, and that volumetric-based pricing would probably be the
most acceptable solution. Bhaduri and Kloos (2013) studied the bundling
of water provision with other services such as credit provision and provi-
sion of health and education services among farmers in Uzbekistan. They
found that bundling increased the WTP for the studied water attributes,
and that what crop farmers grew affected their WTP for improved water
provision.

Researchers have often used hypothetical baseline scenarios in CE —
either completely hypothetical baselines, or baselines using average
attribute levels for a wide number of respondents — without consider-
ing their impacts on a respondent’s welfare. However, Barton and Berg-
land (2010), studying the WTP for irrigation water among farmers in
Bangladesh, found that considering individual SQ information helped
improve model significance. They asked farmers to choose between two
alternative situations: one entailed an improved irrigation water supply at
different charges, while the other entailed their existing situation, where
the water supply and the water tax were those that the individual farmers
currently faced. The authors found that including farmers’ current situ-
ation affected their estimated preferences for hypothetical water regimes
and irrigation prices. A few other studies have incorporated heterogeneous
current baselines in various fashions. The study by Tarfasa and Brouwer
(2013) discussed above found huge variation in households’ baseline situ-
ations, and handled this by having net attribute improvements rather than
gross attribute levels in the non-SQ choice sets. However, the WTP for a net
improvement is likely to depend on what the current situation is, so this
approach may not have captured the full effect of baseline heterogeneity
on WTP. Soto Montes de Oca and Bateman (2006), using contingent val-
uation to study the WTP for improved drinking water services in Brazil,
subdivided their sample by the current baseline situation. They found that
households with worse baselines had higher WTP for an improved level of
water provision, and that this effect was especially pronounced for poorer
female respondents. However, most studies that have incorporated cur-
rent baselines at all have done so by using average attribute levels for all
respondents, thus not only averaging out any initial baseline heterogene-
ity, but also effectively creating a hypothetical baseline which might not be
relevant for an individual respondent.

3.2. Individual SQ information

The current study also uses CE, but in line with the Barton and Berg-
land (2010) study discussed above, we emphasize the impact of including
individual SQ information on the WTP for new hypothetical alternatives.
According to Barton and Bergland, this might help to understand the SQ
effect better, and may capture otherwise unobserved heterogeneity.

When people are faced with different choices, they have a strong ten-
dency to prefer that things remain unchanged (Meyerhoff and Liebe, 2009).
This behaviour, referred to as SQ bias, was first demonstrated by Samuel-
son and Zeckhauser (1988). CE studies have generally avoided using SQ
information because individuals’ preferences for SQ choices have been
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considered as a psychologically based deviation from rational choice. Thus,
the use of SQ information has been cited as a factor that might induce an
SQ bias relative to rational consumer behaviour towards the SQ alterna-
tives (Barton and Bergland, 2010). However, for demand prediction and in
order to estimate the welfare change associated with policy proposals, the
use of SQ information may be essential. Furthermore, the inclusion of SQ
information means that respondents are not forced to choose only between
hypothetical alternatives they might not actually want.

In general, SQ information used in the CE literature has mainly been
fixed and hypothetical, with no change in attributes across respondents.
According to Barton and Bergland (2010), however, the simplification to
a common SQ becomes problematic in the CE scenario when the actual
SQ situation facing respondents is sufficiently variable. In their study, Bar-
ton and Bergland considered that, since irrigation water was a common
pool resource and rivalrous in consumption, every farmer had a differ-
ent SQ water-availability scenario, depending on his/her farm'’s location
in the network of irrigation channels. It is the same with the current study:
we noticed a large variation among farmers with respect to irrigation fre-
quency, water availability and payment for water used. For domestic water
use, the wide variability across households is observed particularly keenly
through the frequency of contracting waterborne diseases, through dis-
tance from the nearest water point and through the cost of water. Thus, the
use of individual SQ information is likely to be suitable for both domestic
and irrigation water use for the present study as well.

For modelling issues, the SQ effect has been dealt with by applying
the conditional logit model together with an alternative-specific constant
(ASC), or by applying the nested logit model — given that the first model
helps to address systematic SQ effects, and the second the correlation across
utilities of designed alternatives. As for the mixed logit model specifica-
tion, both types of effects are flexibly and simultaneously addressed by
inducing a correlation pattern in the utility of alternatives, and by captur-
ing a systematic effect due to the SQ in the indirect utility (Scarpa et al.,
2005). However, according to Banzhaf et al. (2002), including the individual
characteristics of each respondent’s opt-out alternative is more informative
than including an interaction term between an ASC and a respondent’s
characteristics. Furthermore, Barton and Bergland (2010) could not include
an ASC for the SQ level, since it is highly correlated with the individual
SQ attribute levels. Therefore, the present study is similar to that of Bar-
ton and Bergland, but with an application to both irrigation and domestic
water use.

For both irrigation and domestic water use, households in our study
were asked to choose between two new alternatives for improved water
supply at different prices and other attribute levels, on the one hand, and a
current situation in which water supply reflected the SQ level as reported
by the household, on the other. The attributes of the two new alternatives
were chosen so as to resemble actual rural household water supply projects
established by rural utilities and state-run irrigation schemes currently
being carried out in Rwanda, while the SQ levels reflected the situation
at the time of the survey.
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4. Model development

The conditional and mixed logit models have been popular in modelling
qualitative choice behaviour. According to McFadden (1974), approxima-
tion is reasonably good with the conditional logit model — even in small
samples. However, the main concern about this model is its assumption
of independence from irrelevant alternatives (ITA).? Furthermore, with this
model, disturbances are assumed to be independent and homoscedastic.
These assumptions may be too restrictive, especially when the number of
alternatives in the choice set is large.

The mixed logit model allows the parameter associated with each
observed variable to vary randomly across individuals, and avoids the
ITIA assumption (Revelt and Train, 1998). Carlsson et al. (2003) note that,
although the mixed logit models are less restrictive than their conditional
counterparts, they are more difficult to estimate and the results can be
heavily influenced by the distributional assumptions: the distributions of
the selected random parameters can take a number of functional forms
(e.g., normal, triangular, uniform or log-normal) and, due to the bias that
could exist in real data, determining the true distribution empirically is
challenging. Considering, then, the advantages and disadvantages for the
conditional logit and mixed logit models, we report both estimates for
comparison purposes. We estimated conditional logit and mixed logit mod-
els without SQ information. In these models, we included the ASC and
allowed it to interact with the individual respondents’ socio-economic
characteristics. We also estimated mixed logit models with individual
SQ information. In these models, we excluded both the ASC and socio-
economic characteristics. In fact, according to Barton and Bergland (2010),
including the ASC in such models could lead to inflated standard errors
of coefficients. For comparison purposes, in models with individual SQ
information, we included interaction terms between attributes and socio-
economic characteristics. Furthermore, based on the real data at our dis-
posal, we tested both normal and log-normal distributions in the mixed
logit. Details from the log-normal distribution (available from the authors
on request) are qualitatively similar in terms of significant variables.

The main purpose of the CE method is to determine the individual’s
WTP for a unit-level change of a given attribute. The marginal WTP
(MWTP) for unit-level change is the ratio between the parameter of the
attribute and the parameter of the cost (Louviere et al., 2000). In our case,
we allow for heterogeneity in the definition of the SQ level for each respon-
dent, the purpose of which is to estimate how this heterogeneous SQ affects
the WTP.

5. Data collection
In August and September 2012, we conducted a survey in 13 of Rwanda'’s
30 districts. For the sampling method, we first clustered the population into

5 The assumption that the probability ratio of choosing between two alternatives
does not depend on the availability or attributes of other alternatives.

https://doi.org/10.1017/51355770X15000364 Published online by Cambridge University Press


https://doi.org/10.1017/S1355770X15000364

Environment and Development Economics 497

the country’s four provinces, excluding the capital city, since the targeted
population was that living in rural areas. Consequently, considering a total
population of 4,373,100° in all 13 districts, an average household size of
4.3 in rural areas and a sampling fraction of 1:1,000, we randomly sam-
pled 1,017 households. Using simple random sampling, we selected three
or four districts in each province to obtain the total of 13 districts. In each
district, we randomly selected three sectors,” giving us 39 sectors in total.
In 36 of these sectors, we randomly selected 26 households; and in the three
remaining sectors, we randomly selected 27 households.® The data collec-
tion was undertaken by a team of nine enumerators. Using the random
walk method, we chose the sector headquarters as the starting point and
began walking from that point to the closest household” for the first inter-
view. If no-one was at home, we substituted with the very next household.
The head of a household was targeted for responding to the questionnaire,
but other adults were considered where the head was not available.!

The questionnaire was divided into two parts. The first contained ques-
tions on respondents’ socio-economic characteristics, while the second
contained questions for the CE. Regarding the latter, enumerators first
explained the questionnaire as well as the logic of the CE, and respon-
dents were then asked to read the questionnaire carefully and to make their
choice among various alternatives. In cases where the respondent could not
read and write, the enumerator filled in the questionnaire according to the
respondent’s answers.

There were two different CEs: one on domestic water use, and the other
on irrigation. We had the same questionnaire for everyone up to the point
where the CE started. With the CE, participants responded either to the CE
related to domestic water use, or to the CE concerning water for irrigation.

In order to avoid a sample selection problem in the CE, we could not split
respondents based on whether or not they practised agriculture. Instead,
we ran the CE on a rotational basis. Thus, we ran the CE on domestic water
with the first, third and fifth respondent in each sector, and accordingly ran
the CE for irrigation water with the second, fourth and sixth respondent
in that location. However, for the CE for irrigation water, the rotational
order sometimes could not be respected, given that some households did
not practise farming. In such cases, we automatically switched to the CE on

6 See http:/ /statistics.gov.rw/search/node/EICV (accessed 6 March 2013).

7 The sector is a third-level administrative subdivision in Rwanda after the province
and district levels.

8 The three sectors belong to Nyagatare, the largest and second-most populous
district in Rwanda.

9 If two households were at roughly the same distance from the starting point, a
coin toss was used.

19 In principle, responses might have been different depending on whether they
were provided by the household head or by some other household member;
we thank an anonymous reviewer for pointing this out. However, statistical
tests identified no significant differences in responses between the two types of
respondents.
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domestic water and instead used the CE on irrigation for the next house-
hold to be interviewed. Those who responded to the CE for domestic water
numbered 785, and those for irrigation water, 232.

The hypothetical alternatives were designed to resemble actual water
supply schemes currently being set up in Rwanda. This meant that, for
many of the surveyed households, the proposed hypothetical alternatives
were markedly better than the SQ, especially in terms of the distance to
water. On the other hand, the SQ was frequently markedly cheaper than the
proposed alternatives. Given the government’s stated objective of expand-
ing water provision, there is some risk that respondents might have felt
pressure to accept paying for expensive water provision in the experiment;
for this reason the last piece of information given to respondents before
they made their choice was to repeat that they could opt to keep their SQ if
they preferred it to the other alternatives.

5.1. Attributes and attribute levels in the CE

A pilot study was carried out in five districts with 10 randomly selected
households in each district, in order to allow us to define attributes and
attribute levels. The pilot confirmed that most households lacked piped
water into their houses, and used unsafe non-tap sources as a result. There
was a high incidence of diarrhoeal infections (about three cases per house-
hold member per year) due to unsafe water, and household members
walked long distances to fetch water. From these findings, we under-
stood that health effects and distance to water sources would be relevant
attributes for any policy reform. Due to the very limited access to domestic
water which, in turn, is associated with a high risk of infectious diseases,
we assumed that households would be positive to policy reforms that
would help them to get better quality water. Under different tariff sched-
ules, the new service could either help to alleviate the problem with the
current unreliable service, or would solve the problem completely. There
were scenarios in which the set of attributes as well as the price varied,
where only two incidences of infectious diseases per household member
occurred per year, and where no such incidences occurred. The scenarios
entailed distances to the water point of either 20 or 40 m.

Regarding irrigation water, information from the pilot showed that the
practice of irrigation was very new in the country, and that, at the time of
the survey, not many farmers irrigated their crops. Those who did so usu-
ally employed small-scale irrigation only: rainfall dams remained the most
popular method for doing so. Farmers generally do not pay for water used;
where they do, they usually pay a fixed amount for each season, unrelated
to the quantity used. Water is insufficient, however: the dry season typi-
cally lasts six months, but the irrigation water only lasts for two months on
average. When water is available, the average watering frequency is three
times a month. Farmers manifested a high WTP for an increased avail-
ability of water and greater watering frequency. Considering their current
situation, we thus had scenarios where the water availability would last for
either five or six months, while watering frequency would be either six or
eight times per month.
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5.2. Coding the individual SQ information

Given that the pilot study showed a considerable heterogeneity in respon-
dents” SQs, we used the SQ alternative, as specified by each respondent,
rather than devising a fixed or invariant code across respondents. In order
to put the individual SQ information and the experimental design levels
on the same attribute scale, we used interval coding for the individual
SQ level (see Appendix, table A1).!! Since most respondents did not state
exact numbers but, rather, gave rough intervals as their responses, interval
lengths were chosen based on those responses. The only exception was the
Distance to water point variable, where responses were aggregated into three
intervals based on the relative response frequency.

Before the CE began, we first briefly introduced the purpose of the exper-
iment by reminding respondents about the current rural water devolution
policy. We also asked them about their SQ water availability. We gave
detailed explanations of the hypothetical attribute levels and informed
them that improved water provision would be costly, and that part of the
cost would be passed on to users in the form of higher prices.

With a total of six choice!? sets divided into two blocks, each respondent
responded to three choice situations on a rotational basis in the experi-
ment. Each choice contained two hypothetical alternatives for an improved
water supply as well as the option to choose the SQ situation as they had
described it.

6. Descriptive statistics

6.1. Households SQ

Table 1 and figure 1 describe the households’ situation at the time of the sur-
vey in terms of domestic and irrigation water use. For domestic water use,
statistics from the survey showed that only 1 per cent of the sample was
connected to piped water.!® Thus, the majority of households (99 per cent)
in the sample relied on different types of non-tap water sources. The dis-
tance to the nearest water point varied between 401 and 3,000m; only
1 per cent walk less than 500m, with the average distance being about
922 m. The majority of households (about 63 per cent) obtain water at no
monetary cost, but some pay substantial amounts; this makes the average

11 We used a tariff in RWF/ha/ watering as the unit when setting up the choice
sets and in the estimations in order to make the data comparable across farmers
with different farm sizes. In the actual survey, however, we calculated an annual
semi-volumetric water price as the product of this tariff, the number of hectares,
the number of watering events per month, and the months of available water in
the scenario. Farmers could then compare this new hypothetical price with the
existing seasonal tax paid, if any.

We generated a complete factorial experiment (eight runs) with three factors, each
at two levels. For some combinations of choice sets, one set was strictly equal to or
better than the other in all attributes; for reasons of economy such combinations
were not used, reducing the total number of combinations to six choice sets.

13 Households with a piped connection are not included in the analysis.

12
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Table 1. Respondents’ status quo situation

Variable Description Mean S.D. Minimum  Maximum

Domestic water

Piped water =1 if respondent  0.01 0 1
connected to
piped water, 0

otherwise

Distance Average distance  922.19  604.10 401 3,000
(m) to non-tap
sources

Price Unit cost 281.71  433.40 0 1,500

(non-tap) (RWE/m?) of
non-tap water

Health Number of 2.76 1.024 0 6
effect diarrhoeal
infections per
household
member per
year
Irrigation water
Price Cost for irrigation  855.15 1,250.78 0 4,620
(irrigation)  (RWF) per
season
Irrigation Irrigation 2.43 1.235 0 6
frequency frequency per
month
Water Water availability 1.84 0.455 0 3
availability  in dry season
(number of
months)
Number of 1,017
observations

Source: Authors” data collection.

unit cost of water approximately RWF 282! per cubic metre. As regards

waterborne diseases, on average a member of the household contracted
infectious diarrhoea three times a year.

With respect to irrigation water, the average frequency of irrigation was
twice a month, and water was available for an average of two months in the
dry season. As figure 1 shows, there was substantial variation here as well.
The average overall payment for irrigation was RWF 855 per season, giving
an average cost of some 98 RWF/ha/watering.!®> However, 59 per cent do
not pay for water to irrigate their crops.

14 At the time of the survey, 1 RWF = 0.00165 US$.

15 The season for irrigation in marshlands is from June to October in Rwanda. The
price for irrigation is a lump sum fee that farmers need to pay to the district
authorities each season.
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Figure 1. Respondents’ status quo situation

Thus, the SQ varies dramatically for several of the variables in both
domestic and irrigation water, and it could have been misleading to assume
that everyone had the same SQ.

Figure 1 also shows that, for domestic water, the distributions for num-
ber of diarrhoeal infections per household member per year look sym-
metric about the mean. According to the descriptive statistics in table 2,
the sample mean for the number of diarrhoeal infections per house-
hold member per year equal to 2.8, the median equal to 3, and the
mode equal to 3 are close. This allows us to assume that the number
of diarrhoeal infections per household member per year is normally dis-
tributed, although the distance to the nearest water point and the price
of non-tap water are assumed to be log-normally distributed. For irriga-
tion frequency, the mean (2.4), the median (2.4) and the mode (2.5) are
close, which allows us to assume a normal distribution for this attribute
and a log-normal distribution for Water availability and Price (irrigation)
attributes.
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Table 2. Mean, median and mode of attributes

Irrigation water
Water Semi-volumetric

Domestic water
Distance Price

Irrigation

Variable (m) Health (RWF) frequency availability — price (RWF)
Mean 922.19 28 28171 24 1.8 855.14
Median 701 3 0 24 3 0
Mode 700 3 0 2.5 2 0

Source: Authors” data collection.

6.2. Respondents” socio-economic characteristics

From the descriptive statistics in table 3, we can see that respondents
were aged between 19 and 79 years, with an average age of 40. Half the
respondents were men and half were women. Some 70 per cent could read
and write; the average number of years of schooling was four. Average
monthly household income was RWF 17,185 and average household size
was five persons. Over 90 per cent of respondents desired an improved
supply of water for domestic use even if they would have to pay more,
while 74 per cent desired improved access to irrigation water.

Table 3. Descriptive statistics

Variable Description Mean  S.D.  Minimum Maximum

Age Respondent’s age 40.138 12.340 19 79

Male =1 if respondent is 0.499 0 1
male, 0 if not

Children < 5 =1 if household has 0.507 0 1
children under 5
years, 0 if not

Education = 1 if the respondent 0.692 0 1
has studied, 0 if not

Years schooling  Years of schooling 3.903 3.188 0 15

WUA If the household is a 0.126 0 1
member of a water
users’ association

Income Household’s monthly 17,185 18,995 300 88,000
total income (RWF)

Household size The size of the 4907 2.014 0 13
household

Status quo = 1 if respondent chose  0.09 0 1

domestic SQ alternative for

domestic water use,
0 if not

Status quo = 1 if respondent chose  0.255 0 1

irrigation SQ alternative for

irrigation water use,
0 if not

Source: Authors’ data collection.
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Table 4. Logistic regression of factors affecting choice of SQ

Water for Water for
Variable domestic use S.E. irrigation S.E.
Household size —0.031 0.022 —0.042* 0.023
Age 0.009** 0.004 0.006 0.004
Education —0.343** 0.164 —0.260** 0.116
Male 0.220** 0.087 0.1820* 0.103
Income —0.00026* 0.0001 —0.00018*  0.00005
WUA member 0.406™*  0.101
Constant —2.696™** 0.199 —1.561%** 0.258
Number of observations 7,065 2,088

Notes: ***,** and * = significance at 1%, 5% and 10% level, respectively.
S.E., standard error.
Source: Authors’ data collection.

7. Results

Using a simple logit model, we tried to estimate the probability of select-
ing the SQ based on some of the respondents’ characteristics described in
table 4. Our results show that, in domestic water use, older respondents
were more likely to choose the SQ. This finding is in line with Soto Montes
de Oca and Bateman (2006), for example, who found a lower WTP for
water improvements among older respondents, although it is not entirely
clear why older respondents should be less interested in improved water
availability. The more educated the respondent, the less s/he preferred the
existing situation. Male respondents were more likely to choose the SQ for
both domestic and irrigation water.!® Households with a higher income
were slightly less likely to choose the SQ alternative, ceteris paribus. Being
a member of the WUA increased the likelihood of preferring the SQ for
irrigation water.

We estimated both conditional logit and mixed logit models. For the
mixed logit model, we simulated the maximum likelihood by using Halton
draws with 50 replications. We compared the models without individual
SQ information with a model that used this information. Furthermore,
we allowed the price variable to be fixed and not randomly distributed,
while other attributes were randomly distributed. Individual characteris-
tics were also included in the models and interacted either with alternative
specific intercepts in models without individual SQ information, or with
attributes in models with such information. The results of these estimations
are presented in tables 5 and 6.

16 This is also in line with findings from other stated preference studies of water
use in developing countries; see, for example, Soto Montes de Oca and Bateman
(2006), who find that female respondents have a higher WTP for an improved
water service. In many developing countries, women tend to care more about
improved child health linked to improved water supply, and have less access to
infrastructure supporting agriculture, so it is to be expected that female respon-
dents should value improved water access more highly than male respondents do.
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Table 5. Model estimates for domestic water
Conditional logit Mixed logit  Mixed logit Mixed logit with SQ
without SQ  without SQ with SQ information and
information — information  information  interaction terms
Coefficient Coefficient  Coefficient Coefficient
Variable (S.E.) (S.E.) (S.E.) (S.E.)
Water characteristics
Reduced 0.03 0.03* 0.046** 0.06™**
distance” (0.02) (0.02) (0.01) (0.01)
Health effect 0.105* 0.108** 0.178*** 0.176***
(0.059) (0.060) (0.024) (0.024)
Price —0.0003** —0.0007***  —0.0009*** —0.0009***
(0.0001) (0.0001) (0.0001) (0.0001)
Distance* 0.023*
Education (0.014)
Health* 0.007*
Education (0.004)
Household characteristics
ASC*Household  —0.324 —0.353*
size (0.253) (0.260)
ASC*Age of —0.026* —0.007**
respondent (0.012) (0.003)
ASC*Education 0.099 0.203*
(0.084) (0.140)
ASC*Male —0.364 —0.327*
(0.339) (0.292)
ASC*Income 0.00001* 0.00002*
(0.00001) (0.00001)
Intercept 0.209 0.268*
(0.163) (0.167)
Distance 0.01* 0.01** 0.06™*
(0.08)
Health effect 0.168* 0.195** 0.0103**
(0.104)
Log-likelihood —1750.805 —1749.267  —1753.286
Number of 702 785
respondents
Number of 6,319 7,065
observations

Notes: *** ** and * = significance at 1%, 5% and 10% level, respectively. “From
Far (more than 1km) to Near (20 m or less).
Source: Authors’ data collection.

For domestic water (see table 5), the coefficients for the reduced dis-
tance and health effect attributes are positive. Educated and higher income
respondents were more likely to choose the improved service. Male respon-
dents were less likely to choose improved services, but this variable was
only significant in the mixed logit models. Older respondents were also
less likely to choose the improved service.
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Table 6. Model estimates for irrigation water

Conditional logit Mixed logit Mixed logit Mixed logit with SQ
without SQ  without SQ  with SQ information and
information  information information  interaction terms

Coefficient Coefficient  Coefficient Coefficient
Variable (S.E.) (S.E.) (S.E.) (S.E.)
Water characteristics
Water 0.324** 0.337** 0.482%** 0.824%**
availability (0.122) (0.132) (0.088) (0.097)
Watering 0.02 0.075* 0.119** 0.312%**
frequency (0.08) (0.06) (0.071) (0.090)
Price —0.0004** —0.001***  —0.0007*** —0.0002**
(0.0001) (0.0002) (0.0001) (0.0001)
Water 0.283*
frequency*Education (0.186)
Watering —0.071**
frequency*WUA (0.042)
member
Household characteristics
ASC*Age of -0.214 —0.220*
respondent (0.133) (0.135)
ASC*Education 0.141** 0.185**
(0.092) (0.081)
ASC*Male —0.438 —0.499
(0.381) (0.417)
ASC*WUA —0.002 —0.005*
member (0.002) (0.002)
ASC*Income 0.00006 0.0002*
(0.00004) (0.0001)
Intercept 0.285** 0.373**
(0.122) (0.191)
Water 0.129** 0.011** 0.009**
availability (0.078)
Watering 0.074* 0.005* 0.11**
frequency (0.02)
Log-likelihood —643.5253 —630.3350 —630.8271
Number of 232 171
respondents
Number of 2,088 1,545
observations

Notes: *** ** and * = significance at 1%, 5% and 10% level, respectively.
Source: Authors” data collection.

Comparing results from the conditional logit and the mixed logit models
without individual SQ information, we can see that the intercept is statisti-
cally significant and positive for the mixed logit alone. The significance of
the intercept implies that the new alternatives are, on average, preferred to
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the SQ alternative. Furthermore, comparing both models without SQ infor-
mation shows that the significance of the coefficients in general is improved
in the mixed logit model, allowing us to use the mixed logit in the rest of
the estimations.

If one now compares the results from the mixed logit models without
and with individual SQ information, we see that the significance of the
coefficients is increased in the models with individual SQ information. Fur-
thermore, in the mixed logit models with individual SQ information, the
significance of the estimated standard deviation is a sign of heterogeneity
in respondent preferences.

Furthermore, using the interaction terms in the mixed logit model with
individual SQ information, results show that, in general, respondents with
higher levels of education were more likely to prefer a water supply sce-
nario with a higher level of health benefits and a reduced distance to the
water point.

These results allow us to conclude that using the mixed logit model with
individual SQ information is more useful than the other options, because
it offers a better model of household behaviour, and allows us to estimate
attribute coefficients more accurately.

For irrigation water use, a comparison of the conditional logit and the
mixed logit models without individual SQ information shows positive
signs on both improved watering frequency and improved water availabil-
ity attributes in the mixed logit models (see table 6). This means it is more
likely that respondents do not prefer the existing watering frequency and
water availability.

Educated and higher-income respondents were more likely to choose the
improved irrigation service; older respondents and males were less likely
to choose it, although the gender variable was not significant. WUA mem-
bership reduced the likelihood of choosing the improved service, but this
variable was only significant with the mixed logit model.

To summarize, we can first say that, by comparing the results from
the conditional logit and the mixed logit models without individual SQ
information, intercepts are positively significant for both the conditional
logit and the mixed logit. This implies that, on average, the new alterna-
tives were preferred to the SQ alternative. Then, comparing both models
without SQ information, we can observe that the statistical significance
of the coefficients was improved in general when the mixed logit model
was used. This allows one to use the mixed logit in the rest of the
analysis.

Comparing results from mixed logit models with and without individ-
ual SQ information, we observe that the significance of the coefficients
increased in the models with individual SQ information. Furthermore, the
significance of the estimated standard deviations in the mixed logit models
with individual SQ information revealed heterogeneity in respondent
preferences.

If one includes interaction terms in the mixed logit model with individ-
ual SQ information, the results show that respondents with higher levels
of education were more likely to prefer an irrigation water supply sce-
nario with higher levels of frequency. Furthermore, the interaction between
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watering frequency and WUA membership was negative. This result is
similar to that found by Barton and Bergland (2010) in Bangladesh.

Our main interest lies in comparing the MWTP for models without
and with individual SQ information. Using the normal distribution for
both domestic and irrigation water use, the results in tables 7 and 8 show
large differences in MWTP between the two mixed logit models, probably
because the strong heterogeneity in the current situation induces hetero-
geneity in preferences. Furthermore, we found an increase in the size and
significance of coefficients in the mixed logit model with individual SQ
information for both irrigation and domestic water use.

Comparing the mixed logits with and without individual SQ informa-
tion, for domestic water use (table 7), the MWTP for having water within a
maximum distance of 40 m from the household was valued at 0.58 per cent
of average household income when SQ information was not taken into
account, but at 1.08 per cent of average income when it was. In addition,
one less case of diarrhoea per household member per year was valued at
1.93 per cent of household income when the SQ was not taken into account,

Table 7. MWTP for levels in domestic water

Mixed logit ~ Mixed logit ~ MWTP without ~ MWTP with
without with individual SQ individual SQ
individual SQ individual SQ information as % information as %
information  information  of total income  of total income

Variable Coefficient Coefficient
Long-run 331.346* 678.085*** 1.93% 3.95%
health effect
Reduced 99.554* 186.247*** 0.58% 1.08%
distance

Notes: *** ** and * = significance at 1%, 5% and 10% level, respectively.
Source: Authors” data collection.

Table 8. MWTP for levels in irrigation water

Mixed logit ~ Mixed logit ~ MWTP without ~ MWTP with
without with individual SQ individual SQ
individual SQ individual SQ information as % information as %
information  information  of total income  of total income

Variable Coefficient Coefficient
Water 195.427% 729.007*** 1.14% 4.24%
availability
Watering 43.475* 181.193** 0.25% 1.05%
frequency

Notes: *** ** and * = significance at 1%, 5% and 10% level, respectively.
Source: Authors’ data collection.
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but at 3.95 per cent when it was. For irrigation water, in comparing the
models with and without individual SQ information, we found (table 8)
that the MWTP for watering crops at least six times per month rather than
twice per month was estimated at 0.25 per cent of household total income
when SQ information was not used, and at 1.05 per cent when it was. The
MWTP for having water for five rather than two months of the dry season
was valued at 1.14 per cent of household total income without SQ informa-
tion, and 2.24 per cent with it. When SQ information was included, in both
the domestic and irrigation water cases, the MWTP was at least twice as
high as when SQ information was excluded.

8. Conclusion

The CE method has been used to evaluate how heterogeneity in a rural
household’s existing water use affected their preferences for a hypotheti-
cally improved situation. From basic statistics, 26 per cent of respondents
preferred the existing irrigation water supply system to a proposed new
one. The likely reason might be that, with the current system, 61 per cent of
respondents did not pay for water used, but still practised some irrigation.
However, for domestic water use, although 65 per cent obtained water free
of charge, in general they were not satisfied with the existing situation. In
fact, only 10 per cent preferred the existing system to remain, while the rest
were willing to pay for improved water. Considering that households not
connected to the piped network system were aware of their vulnerability —
as manifested by the high frequency of waterborne diseases among their
members — one can understand why the majority (90 per cent) opted for
change. In fact, if one compares the levels of satisfaction with the SQ for
domestic and irrigation water, respectively, households were less dissat-
isfied with the existing irrigation system than with the existing domestic
water supply.

Using information on individual respondents was important for the
analysis. Comparing the conditional logit and the mixed logit models with-
out individual SQ information, we saw that the proposed new alternatives
were preferred, on average, to the SQ alternative for both domestic and
irrigation water, and that significance of the coefficients was generally
improved in the mixed logit model. This revealed heterogeneous pref-
erences for the attributes concerned. Using the mixed logit models with
individual SQ information, we found an increased significance of coef-
ficients for both irrigation and domestic water use, compared with the
results obtained when we used the mixed logit without individual SQ
information.

For the MWTP, coefficients were larger and had higher statistical sig-
nificance in models with individual SQ information than in those with-
out such information. Furthermore, the overall situation showed that
attributes in the CE increased the utility derived from an improved service,
which means that, in general, respondents were willing to pay for a new,
improved service.

From a policy perspective, not accounting for individual SQ informa-
tion means that an overall policy change might be undertaken without
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considering individual cases. If one refers to the results from the present
study, not considering individual SQ information might work since a
majority opted for the change. However, considering how including indi-
vidual SQ information increased the magnitudes of coefficients, if SQ
information is not used the MWTP might be misestimated, which might
cause policy makers to implement water schemes that do not respond
to the real needs of the population. In our case, not using SQ informa-
tion would have led to an underestimation of households” WTP for the
improved provision of both domestic and irrigation water. Erroneously
indicating to policy makers that the WTP for improved water provision
is lower than it actually is could, effectively, contribute to maintaining the
current state of underinvestment in the water sector. More generally, not
taking SQ information into account — when SQs are as different as they
were in this case —risks leading to a poorer understanding by policy makers
of what households actually want, and how the potential changes compare
to their current situation. Thus, care needs to be taken — both to ensure that
changes in water provision do not worsen conditions for households with
a favourable SQ, and so that changes in water provision that will improve
conditions for households with an unfavourable SQ are in fact carried out.
Taking the heterogeneity in the existing situation into account in policy is
important, therefore: both for those who have a favourable SQ situation
and for those who do not.
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Table Al. Attributes and attribute levels: domestic and irrigation water

511

Attribute levels in

Interval effects coding

experimental including individuals’
Attributes design status quo levels
Domestic water
Long-term health 0 cases of 0 cases
effect diarrhoeal
infection
2 cases [1-2] cases
[3-4] cases
[5-6] cases
[7-8] cases (reference level)
Distance to water 20m 1020l m
point
40m 120-40] m
140-60] m
160-80] m
180-100] m
]100-400] m
1400-700] m
1700-1,000] m
11,000-2,000] m (reference level)
Price RWEF 300/m?3 Assumed linear (not coded)

Irrigation water

RWF 1,000/m?3

Water availability 5 months [0-1] month (reference level)
6 months [1-2] months
[2-3] months
[3-4] months
[4-5] months
[5-6] months
[6~7] months
Watering 6 watering 0 watering events/month
frequency events/month (reference level)
8 watering 10-2] watering events/month
events/month
12—-4] watering events/month
]4-6] watering events/month
16-8] watering events/month
18-10] watering events/month
Semi-volumetric RWF Assumed linear (not coded)
water pricing 500/ha/watering
RWF
1,000/ha/watering

Source: Authors” data collection.
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