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Abstract: A community’s water supply is one of its most important infrastructures, as sufficient
quality and quantity of water are as much prerequisites for human life as economic development.
The rapid urbanization predicted for developing countries will cause serious water shortages in
densely populated areas. The Lao People’s Democratic Republic (PDR) is taking precautions by
planning and developing their water supply infrastructure to ensure reliable supply of water. We
used the five capitals model of sustainable livelihoods to capture how a household makes a living and
analyzed the effects of five forms of capital (natural, physical, human, financial, and social) on water
consumption behaviors from the perspective of the residents’ livelihood. We conducted a survey to
gain an understanding of the thought processes behind water consumption behavior in two villages
in suburban Vientiane. The results indicated that natural and physical capital delayed connections to
the water supply. Financial capital stimulated the purchase of high-quality water in preference to
a connection to the water supply. This lack of connection is not necessarily sustainable in the near
future, considering ongoing urbanization. Furthermore, this possibility presents a difficult problem,
as residents do not usually acknowledge it. To accomplish sustainable development goals, this gap
should be overcome.

Keywords: five forms of capital; water supply; groundwater; domestic water; sustainable livelihood
framework; Lao PDR

1. Introduction

Water resources, and the range of water-related services provided, underpin poverty reduction,
economic growth and environmental sustainability [1]. Sufficient and safe water should be made
available to meet every person’s basic needs, and to enable healthy lifestyles [1]. As a basic human right
to fulfill the minimum needs for living, 50 L of clean water per person per day is required [2]. In terms
of human health, access to improved water sources substantially reduces the rates of morbidity and the
severity of diseases related to insalubrious water [3]. Both water quality and quantity are important
for decreasing the risk of such diseases [4].

Halving the population without access to improved sources of water near the household was set
as one of the targets of the Millennium Development Goals (MDGs) [5]. Nearly 80% of the people
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without access to improved sources of water are concentrated in three regions: sub-Saharan Africa,
Eastern Asia, and Southern Asia [6]. As of 2012, however, 11% of the world’s population still had
no access to improved water sources [5], and a large number of people lacked the minimum water
necessary for living. In addition, one of the targets of the UN’s Sustainable Development Goals (SDGs)
is to achieve universal and equitable access to safe and affordable drinking water for all by 2030 [7].

After the minimum need for water is met, water demand for domestic use increases with the level
of economic development, up to a certain point [8]. Therefore, a city’s water requirements depend on
its prosperity as well as its population. However, the amount of available water likewise influences
population capacity. Especially in urban areas, water for domestic use is supplied by the available
water supply infrastructure, so the quantity and quality of water determine the population capacity.

Urbanization is one of the biggest issues facing humankind in the 21st century. According to the
UN, virtually all of the world’s population growth by 2050 will be concentrated in urban areas [9]. This
growth is predicted to occur mainly in the urban areas of middle and low-income countries [10]. The
bulk of this population will be concentrated in smaller urban settlements of fewer than 100,000 people,
although large urban agglomerations of 10 million or more have also increased in number and
expanded. Residents in such small urban settlements tend to be unable to receive basic public services
such as piped water, waste disposal, and electricity [11].

Rapid urbanization is anticipated in Southeast Asia, South Asia, and Africa, the same regions
lacking access to improved sources of water. More water supply infrastructure will be necessary in the
near future to increase the population capacity of urbanizing areas. In addition, from the perspective of
economic development, adequate quality and quantity of water are basic conditions for development.
In such areas, local governments and aid agencies intend to construct water supply infrastructure.
Construction of such infrastructure is often at the center of urban master plans for development, and is
set as one of the goals by aid agencies for cities in developing countries.

These activities have enabled those living in big cities to have access to water supplies. In suburban
areas, however, natural resources such as groundwater are still available, rendering water supplies
less essential. There are also many other reasons that they may not do so, including deficiencies in
piped water quality, pressure, and availability [12]. Some poor residents in Cape Town, South Africa
simply cannot afford to connect to the water supply, though they are living in an urban area [13].

These unresolved situations regarding adequate water can cause many problems. For example,
in Jakarta, the capital of Indonesia, there is a chronic shortage of water. The urban poor do not have
access to the water supply, and therefore must either buy water from a vendor at surprisingly high
prices or pump excessively from underground aquifers, which causes land subsidence [14]. As a result,
these individuals cannot get the minimum amount of water for living, leading to high rates of disease
and poverty. In the case of Bangladesh, the lack of a clean water supply has forced residents to use
groundwater contaminated by natural arsenic. Water with arsenic has an insidious effect on residents’
health. Not only safe water itself but also education about the dangers of arsenic is thought to be
important in the formulation of a solution [15]. This has been reported in many Asian countries [16].

In this study, the target area was set to Lao People’s Democratic Republic (PDR), which is one of
the least-developed countries globally [17] and a place where, in the near future, rapid urbanization
is expected to occur. The ratio of people with access to improved sources of water was 72% in
2012 [18]. Supplying water is one of the most effective ways to improve this situation, especially in
urbanizing areas.

The Vientiane Water Supply Company is a publicly owned enterprise that supplies water to the
Vientiane capital. It was established in 1959, and has since constructed new plants and extended the
area supplied [19]. In 1962, the Lao Water Supply Company was established and made responsible
for supplying the entire country, including Vientiane, with water [20]. The water source for Vientiane
is the Mekong River and groundwater; it is not significantly polluted, although water in the river
and its tributaries becomes turbid during the rainy season [20]. According to a Japan International
Cooperation Agency (JICA) report [21], the condition of the water supply in Vientiane has been
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confounded because of an increasing demand for water resulting from population growth, raised
living standards, and the expansion of industrial and residential areas. Vientiane has set a target to
increase the coverage ratio of the water supply in its urban area to 80% by 2020. To achieve this target,
the government of Lao PDR has requested that the government of Japan and JICA cooperate with the
water supplier [21].

Although the water supply service is expanding its service area, it does not cover the whole
Vientiane Capital area. The proportion of households connected to the water supply is 50%. The rest
draw water from private wells. The water supply authority in Vientiane Capital has tried to raise the
connection ratio, and is constructing a new facility and new channels covering unconnected areas.

Residents without water supply services use groundwater mainly for domestic purposes. In many
areas, they also use groundwater for drinking [22]. In general, groundwater is preferred for drinking
because of its good microbial quality [23]. However, the use of groundwater for drinking is also the
cause of certain diseases due to pollution by surrounding sources, such as latrines [24].

In an effort to break away from its designation as one of the least developed countries, the
government of Lao PDR set the goal of raising the coverage ratio of the water supply. Urbanization and
economic growth in Lao PDR are predicted to be on a level with those of other countries in Southeast
Asia, such as Indonesia and Bangladesh.

To avert problematic situations in the near future, the purpose of this study was to gain insight
into the thought processes of residents with regard to their water consumption behaviors, including
their connection to the water supply. A greater understanding of these thought processes in urbanizing
areas will promote better water resource management and water supply infrastructure planning. Water
supply was defined as the water quantity and service provided by a public utility.

2. Methods

2.1. Sustainable Livelihood Framework

We attempted to reveal the thought processes of residents using the sustainable livelihood
framework [25]. The framework analyzes how a household makes a living. There are many existing
definitions of the sustainable livelihood framework, and several have been developed since the
1990s [26]. Concepts of capability and entitlement, developed by Amartya Sen [27,28], have been
integrated into the livelihood framework [29]. However, some definitions containing these concepts
confuse processes and outcomes. Ellis modified Chamber and Conway’s framework to make accessible
an overriding concept [25].

According to Ellis [25], the livelihood framework is based on three concepts: assets, activities, and
access. Assets are things that a household has and that it uses to develop a strategy for making a living.
Assets consist of five forms of capital: natural, physical, financial, human, and social capital. Activities
are livelihood strategies by which households make a living or enhance their assets. Access restricts
households from some assets and activities (Figure 1). For example, people do not use some assets that
are potentially available because of some local customs. We employed Ellis' definition, which considers
assets, activities, and access separately, so that we could correctly capture capital that is potentially
available but actually unused.

The livelihood framework has recently been employed in many studies across academic
disciplines (e.g., [30–32]), ranging from evaluations of the effectiveness of development to analysis
of an individual’s actual state of living. For example, Cohen and Sullivan applied the sustainable
livelihood framework to their assessment of the multiple dimensions of water and poverty [33].
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Figure 1. The sustainable livelihood framework [25].

2.2. Conducting the Survey

We chose two villages in which to study the conditions of urbanization and water supply. The
two villages are located in northern suburban Vientiane (Figure 2). The study area in the northeast is
the village of Nataum and that in the western area is the village of Nonphanhang. The demographical
characteristics of these villages are listed in Table 1. Approximately 10,000 people live in the villages.
These villages have been developing rapidly because they are close to the center of Vientiane. These
villages were chosen because the construction of water supply infrastructure has extended the coverage
zone into the peripheral areas of the villages.
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Table 1. Characteristics of target villages.

Village Nataum Nonphanhang

Population 2323 7485
Households 485 1498

Sampled households 21 61

We conducted a questionnaire survey to collect data on basic profiles, the five forms of capital,
and water consumption behaviors. To design the questionnaire, we formulated hypotheses about the
relationship between water consumption behaviors and each form of household capital (Figure 3).
These hypotheses were formulated based on findings of previous studies [25,33–35], our preliminary
survey, and the characteristics of each form of capital. The details of the findings are explained in the
following paragraphs. Regarding the choice of water source as a livelihood strategy, assessing the five
types of capital reveals the thought processes behind water consumption behavior.
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Water supply is categorized as a type of physical capital, which can substitute for natural
capital [25]; for this reason, we hypothesized that with rich natural capital (availability of groundwater)
and physical capital (existence of a facility for pumping groundwater), residents would be able to use
groundwater and would be hesitant to connect to the water supply.

A characteristic of financial capital is its high substitution for other capitals [25]. Financial capital
is stored in the form of cash, credit, and cattle. In this study, we asked residents about their income and
expenditure to assess their financial state. Connection to the water supply costs households money, so
we established the hypothesis that the higher a household’s income is, the more likely it is to connect to
the water supply. Typically, more bottled water is consumed in high-income countries [33]. Therefore,
we also hypothesized that a rich household would be more likely to use bottled water. According
to these hypotheses, the water supply or bottled water would replace groundwater as the domestic
water source.

Appropriate hygiene education contributes to residents’ increased consumption of water for
multiple purposes [34]. Therefore, we established the hypothesis that households whose members had
higher education levels would be more likely to install a water supply to improve sanitation.

Social capital can be divided into three components: network structure, trust and reciprocity and
resources [35]. We hypothesized that the availability of information as a result of the network structure
would be a limitation to connection to the water supply.

The questionnaire was composed of various sections to elicit the following information.
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‚ The first part included a basic household profile, such as the address, demographics, academic
backgrounds, employment, and economic status. This part indicated a household’s natural,
human, and financial capital. The address was used to determine the availability of groundwater.

‚ The second part consisted of information about the household water sources and how water
from each source was used for various purposes. This part aimed to explain household water
consumption behaviors.

‚ The third part considered the household situation with regard to water supply, such as the
stability of water pressure, the monthly fee for the connection, installation cost, and reasons for
not connecting to the water supply, as appropriate.

‚ The fourth part consisted of information about water availability from each source. In the survey
area, various water sources were used, and they had different characteristics, such as quality,
price, and stability.

‚ The final part asked about the household’s access to information about the water supply
infrastructure. This part revealed the social capital of the household.

We conducted the questionnaire survey during 15–18 January 2014. Two teams trained our
research group members; they included an interviewer and interpreter fluent in both English and
Lao, and a village officer who introduced a sampled household. The interviewer and interpreter
were recruited from the National University of Laos, and university personnel introduced our survey
teams to the village heads. We explained the purposes for our study and the methodology to them.
They enjoined the officer to take us to households. The teams visited households and elicited
information directly.

2.3. Sampling Method

The sampling method and sampling rate were designed by reference to those described by
Onwuegbuzie and Collins [36]. First, we defined 16 blocks around the target villages; the blocks were
spatially distributed using road and elevation maps, based on the sampling scheme of maximum
variation. The blocks were established to capture the effect of differences in natural capital. We asked
village officers to introduce us to three or more households in each block; the minimum number of
samples from each block was determined based on the subgroup sampling design. We collected four
to nine samples from each block to equalize the sampling rate to the village populations.

A total of 82 samples were collected; 21 were from households belonging to Nataum village, and
61 from households in Nonphanhang village (Table 1). Fifty-one percent of interviewees were men,
and 49% were women.

3. Results and Discussion

3.1. Water Consumption Behavior in the Survey Area

Without reliable access to an adequate and stable supply of water, residents usually have various
sources of water to avoid the risk posed by the unavailability of a single source [12]. Suburban Vientiane
is no exception. Many sources of water are used: the water supply, groundwater, bottled water, river
water, and rainwater. The pattern of water usage differs somewhat among the households. Most
households generally used water from two or three sources.

Figure 4 shows the utilization rate of each water source. Bottled water, delivered by a delivery
service, was used in all households. The bottled water was processed in a factory from groundwater,
and bottles were reused. Overall, 40% of households received water supply services. Rainwater was
used by 3.7% of households. Residents also used two geological formations containing water: deep
wells and shallow wells. Lao people distinguish deep from shallow wells by using different words.
Deep groundwater is clear, cool, and stable but contains a bit of salt. It is drawn from a confined
aquifer thirty to fifty meters below the surface through a thin pipe. It was used by about 10% of
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households. On the other hand, the shallow wells are not stable in the dry season and are sometimes
turbid. Shallow groundwater is drawn from an unconfined aquifer less than 10 m below the surface
through a concrete pipe about one meter in diameter. In most households, an electric pump is used to
bring water from both aquifers, although one household using a shallow well did not have a pump.
Shallow wells were used by about 88% of households. Rainwater was used in only three households,
although much precipitation occurs in the rainy season, and water shortages sometimes occur in the
dry season.
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Our results confirmed the findings reported by Madanat and Humplick [12]; both showed that
the residents diversified their sources of water to ensure that their needs were met when the quality,
pressure, and availability of a water supply were insufficient.

Residents used each water source for a particular purpose, as shown in Table 2. All households
used bottled water for drinking, but while 66% of households used bottled water for cooking, 20%
of households used bottled and a water supply or groundwater, and 14% of households did not use
bottled water for cooking.

Table 2. Characteristics of water use in Vientiane.

Source Purpose Characteristics

Water supply Cooking, shower, washing Unstable in some location,
installation cost

Deep and Shallow groundwater Cooking, shower, washing, gradening Unable in the end of dry season

Bottled water Drinking, cooking A bit expensive, clean

Rainwater Gardening, drinking Available mainly in rainy season

3.2. Natural and Physical Capital and Connection to the Water Supply

First, we hypothesized that both natural and physical capital delay the connection to a water
supply. Greater natural and physical capital would mean that a household would be likely to have
a high quality well and pump (instrument). Results of the survey indicated that 41% of households
had a connection to the water supply, whereas 59% of households did not. Figure 5 presents the
spatial distribution of households without a connection to the water supply as well as the reason that
there was no connection. There was a tendency for households that cited a particular reason for a
lack of connection to be concentrated in the same place. For example, residents giving the rationale
that household members were “satisfied with a private well” were concentrated in the blue circle
in Figure 5. We asked them about their satisfaction with the quality of groundwater. The results
revealed that residents living in this area were subjectively satisfied with the groundwater, meaning
that they were both satisfied with the quality of the groundwater itself (natural capital) and had a
facility for pumping it (physical capital). Therefore, we speculated that greater natural and physical
capital deprived a household of motivation to connect to the water supply.
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levees of old rivers, several meters higher than surrounding unpopulated areas. The circled area on the
right is slightly lower than the natural levee and has been urbanized recently.

This action can be explained by the sustainable livelihood framework, in which each form
of capital can substitute for other forms [25]. The water supply is categorized as physical capital,
the groundwater resource itself is categorized as natural capital, and the facility for pumping it is
categorized as physical capital. Water supply works serve as a substitution for groundwater usage, so
if residents have a rich groundwater source, they need not connect to the water supply.

3.3. Financial Capital and Connection to the Water Supply

We hypothesized that rich financial capital encourages a connection to the water supply due to
the cost of this connection. To estimate financial capital, we asked questions in the survey regarding
economic status.

The association of household income with a connection to the water supply was assessed. Two
clusters of household income are shown in Figure 6a; one cluster is the income distribution of
households who have a supply of water, the other is the income distribution of households who
do not. We applied the Mann–Whitney U-test [37], which is a non-parametric test that can be used
effectively for small samples [38], to determine the significance of the difference between the two
clusters’ mean household incomes. Results of the U-test showed no significant difference between the
two clusters, indicating that a connection to the water supply was not related to household income.
This was interpreted as indicating that residents did not necessarily install the water supply, even
if it provided an adequate quantity of water and they could afford it. On the other hand, quality of
water was compared to the income of households using or not using bottled water for cooking; the
distribution is shown in Figure 6b. Here, there was a significant difference between the two clusters.

As discussed in Section 3.2, the water supply serves to replace groundwater usage; residents
regarded the quality of the water supply as subpar or not significantly different from that of
groundwater, whereas they considered bottled water to be of high quality. These relationships, shown
in Figure 6, suggest that residents with high financial capital invest in water quality rather than quantity.
This result is consistent with Mu et al. [39], whose research indicated that households’ source-choice
decisions were not influenced by household income. The preference for quality over quantity is also
present with respect to food. According to Behrman and Deolalikar [40], an increase in income does
not result in a substantial improvement in nutrient intake. Subramanian and Deaton [41] indicated
that a 10% increase in food expenditure is associated with a 5% increase in calorie consumption and a
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Figure 6. (a) household income and connection to the water supply (WS); (b) household income and
usage of bottled water for cooking (Use/Not use). The vertical axis represents household income. The
box shows the range from 25% to 75% in the cluster. The bar represents the range from 0% to 100% in
the cluster. The right cluster in (a) represents households connected to the water supply, and the left
cluster represents households without water supply. The right cluster in (b) represents households
using bottled water for cooking, and the lower cluster represents households not using bottled water
for cooking. A significant difference was found between the two clusters in (b) (p < 0.01), but not
between those in (a).

One can easily imagine that financial capital is closely related to access to water and that lack
of access to water interferes with time for education or other activities [42], which then escalates the
economic divide. However, this study found that high income did not necessarily mean connecting to
the water supply but had, rather, an impact on the quality of water used. Of course, there were some
households who gave an economic reason for their lack of connection to the water supply; this did not
mean, however, that the cost of connection to the water supply was impossibly high, but that the cost
was higher than the residents' willingness to pay. It was thought that a willingness to pay was affected
by various factors, such as the accessibility of natural resources.

3.4. Human Capital and Connection to the Water Supply

Human capital for a household has two dimensions; the quality of human capital, e.g., education
level and health [25]. The second is the quantity of human capital, i.e., the number of household
members. It is well known that a better understanding of the risks of using insalubrious water has
an important effect on the activity of choosing cleaner water. Therefore, human capital in the form of
education about water sanitation is necessary for this understanding [43].

In terms of the former, namely the quality of human capital, we observed a few households
using rainwater. These households’ heads had a high academic background. This result indicates that
higher education enabled them to act against local conventions, which stated that rainwater is not
pure. On the other hand, rainwater is commonly used domestically in northeast Thailand, where the
culture is said to be similar to that in Lao PDR [44].

As for the latter variable, namely the quantity of human capital, according to Figure 7a, households
with a large number of members tended to connect to the water supply. Welch’s t-test, performed
to examine this tendency, showed that it was significant (p = 0.07). Subsequently, we separated the
households into two categories: nuclear family and extended family. The definition of a nuclear
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family was a household composed of one or two generations, for example, parents and their children;
an extended family was defined as a household composed of three or more generations. Figure 7b
shows the results. Extended families were more likely to connect to the water supply compared to
nuclear families.
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The reason for this tendency was the limited amount of water that could be obtained from one
well in the dry season. Because larger families needed more water, they tended to connect to the
water supply.

3.5. Social Capital and Connection to the Water Supply

Social capital has three components: network structure, trust and reciprocity, and resources [35].
We hypothesized that the availability of information as a result of the network structure would be a
limitation to connection to the water supply. One survey item asked about the source of information
on the water supply and found that 70% of households received information from village officers, 19%
received it from neighbors, and the others did not remember the source of information. We found
no significant relationship between the source of information and connection to the water supply.
This indicated that officers play a role in transmitting information about public services in the area.
This is likely because Lao PDR is a socialist country, so governmental organizations are dominant in
any situation.

The survey did not reveal any discrimination against or exclusion of poor people among the
sample households belonging to various income classes, though it should be noted that we could not
access the “real” poor population due to the sampling method. Through the interviews, we found a
case of cooperation among residents. One household that had only a shallow well that dried up during
the dry season was allowed to use a neighbor’s deep well, which did not dry up. In another case, a
small group of four households cooperated with each other to connect to the water supply, and asked
the officer to extend the water pipe to their living area. These cases imply that trust and reciprocity,
which form one component of social capital, affected water consumption behavior in the survey area;
however, this was not proven quantitatively.

4. Conclusions

This study focused on water consumption behavior in an urbanizing area where a water supply
is being constructed. A questionnaire survey was conducted to elucidate the behaviors of residents
and the reasoning behind those behaviors. We recruited 82 respondents in the two villages chosen as
the survey area.
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Results revealed that richer natural and physical capital delayed connections to the water supply,
and greater financial capital stimulated the purchase of high-quality water rather than simply a
connection to the water supply. In terms of human capital, there was a greater tendency for bigger
families to connect to the water supply when compared to nuclear families. Social capital seemed to
play a role in helping households cooperate with each other and to work well together in the survey
area. As stated above, this study confirmed that a variety of factors involved in each form of capital
affected residents’ thought processes regarding water consumption behaviors.

Access to water resources has been a vital condition for making a living or developing a
community since the pre-industrial era. Whether residents can access a natural resource such as
groundwater remains important, especially in less-developed countries like Lao PDR. Nevertheless, as
both water and electrical infrastructures become more widespread, the importance of access to a water
resource has been reduced to the choice of housing location.

As explained in the first chapter, in urban areas of developing countries, insufficient water supply
infrastructure is a serious problem. Although the present condition in Vientiane is not serious so far,
in the near future, rapid economic growth is likely to accelerate urbanization. The survey area has
witnessed recent population growth, and residential land use has expanded. This causes deterioration
in the quality of natural resources and reduction in per capita natural resources. Population and
economic growth will cause increases in residential water usage and human sewage, which could lead
to groundwater contamination, thereby suggesting the necessity of a sewage system. Since residents do
not usually acknowledge this problem, it is necessary to construct water infrastructure to fulfill these
concealed demands. The difficulty posed by this problem arises from the gap between the demands of
residents and the solutions available to address them.
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