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Abstract: Access to a reliable and safe domestic water supply is a serious challenge for many
developing countries worldwide. In the capital of Vietnam, Hanoi, the municipal government is
facing a number of difficulties in providing sufficient water in a sustainable manner due to the
increasing urban population and the serious pollution of both surface and groundwater resources,
but this is also due to a lack of resources to invest in the supply system. This study aimed to
investigate water users’ willingness to pay for the improvement of Hanoi’s domestic water supply
system. A contingent valuation process based on a survey of 402 respondents was used to explore
citizens” willingness to pay (WTP) for the improvement of their urban water supply. The results
show that Hanoi’s urban communities (more than 90%) were generally satisfied with the quantity of
their water supply, but tended to be dissatisfied with its quality, with 80% of the respondents using
advanced water purifiers before drinking and cooking. Respondents were also concerned about the
overall reliability of the service, with 40% of respondents indicating that they received no check and
maintenance service. A WTP regression model was developed based on the survey findings. The
average WTP is 281,000 dong/household /month (approximately 12.2 USD at the exchange rate of
1 USD to about 23,000 VND), equivalent to 1.4% of the average household income at the end of 2019,
indicating the level of affordability of monthly water payments among Hanoi citizens.

Keywords: urban domestic water supply; willingness to pay; CVM-based process; theoretical
regression framework; Hanoi; Vietnam

1. Introduction

A shortage of clean water is one of the world’s most pressing concerns. According
to United Nations Water, in 2014 water scarcity affected approximately 700 million peo-
ple worldwide, with this figure likely to increase to approximately 1.8 billion people by
2025 [1]. Furthermore, two-thirds of the world’s population live in areas with severe water
scarcity [1], particularly those living in urban areas [2,3]. Aside from physical water scarcity,
there is also economic water scarcity, which means that water supply is inadequate due to
the lack of, or poor water infrastructure, management, and policy [4]. There is, therefore,
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a strong imperative to improve domestic water supplies in many urban areas around the
world [5]. Several studies have demonstrated that investment in the domestic water supply
can deliver a range of direct and indirect economic co-benefits, including lower healthcare
expenditure, time-saving non-health-related benefits (e.g., no queuing at shared water
facilities or walking a distance to a water collection site), and water resource protection,
among others [6]. According to the definition of the Joint Monitoring Programme, im-
proved water sources include piped water into dwellings, plots or yards, public taps or
standpipes, boreholed, a protected dug well, a protected spring, or rainwater collection,
all of which are likely to provide safe drinking-water for communities. Thus, improved
domestic water supplies in urban areas should seek to deliver three basic goals, namely:
sufficiency in quantity, safe quality of water, and reliable management and service.

Although many households in developing countries lack access to improved domestic
water supplies, governments in these countries often cannot afford to offer substantially
subsidized improved domestic water to all, or even to the majority of their populations [7].
As a result, improvements in the domestic water supply in these countries frequently relies
mainly on financial contributions (payment of water bills) from households. However,
such contributions depend not only on each household’s willingness to pay (WTP), i.e.,
the maximum amount that households are able to pay for their water supply [8], but also
on each household’s capacity to pay, i.e., the total household income minus the amount to
cover basic needs [9,10]. WTP information may be used by planners at all levels (national,
provincial, city, and rural) to evaluate a project’s economic feasibility, set affordable tariffs,
evaluate policy alternatives, assess financial sustainability, and design socially equitable
subsidies. Moreover, a cost-benefit analysis would be inadequate without such WTP data;
the net economic benefits of an improved domestic water supply are calculated as the
difference between the consumers” maximum WTP for better services and the actual cost of
the services [11]. To estimate the WTP, the Contingent Valuation Method (CVM) is often
used. CVM is an economic, non-market valuation method which is particularly useful
for determining human preferences for public goods that have no monetary value in the
market. CVM is an established method and has found many applications in water-related
fields, such as assessing the social value of increasing water quality, reducing risks from
drinking water and groundwater contamination, and the provision of drinking water
services in developing countries [12]. In CVM applications to water supply services [13-19]
the main objectives are to estimate the WTP to improve current water supply services and
to explore the factors controlling WTP values via empirical statistical modelling. Mostly,
the WTP regression models in these CVM applications are similar in terms of their selection
of the WTP as a dependent variable and typically employ demographic factors (usually
age, gender, education, income, family size, etc.) as independent variables.

Similar to other developing countries, Vietnam has limited improved domestic water
supply, especially in urban areas [20]. According to the National Environment Report [21],
it is estimated that only about 70% of the population has access to potable water. Hanoi,
Vietnam'’s capital city, is now facing several water scarcity issues connected to its urban
water supply. The fast rate of urbanization and rapid increase in the city’s population
(~3.4%/year) are significantly inflating the demand for clean water [22]. Meanwhile, the
quality of the water resources that are being used to supply Hanoi is decreasing. Domestic
and industrial effluents have polluted surface water sources in river basins of many major
rivers, such as the Red, Nhue, and Day Rivers located in the Red River Delta. It is estimated
that between 100,000 and 150,000 m3/ day of untreated industrial wastewater flows directly
into the rivers in Hanoi alone [23]. Furthermore, upstream of the administrative area of
Hanoi, the quality and quantity of water resources are significantly affected, affecting
abstraction possibilities. Hanoi’s water issues are exacerbated further by high water loss
rates, averaging 23% [24]. As a result, it is critical to improve the water supply system in
Hanoi by investing in the necessary supporting infrastructure, adjusting water allocations
to fulfill residents” demands reasonably, and by improving the quality of water supplied so
that it meets the Vietnam Ministry of Health Quality Standard QCVN 02-BYT. Thus, the
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socialization of investment capital is critical to offer financial support for these activities,
especially in developing countries [25].

This study explores these issues within the context of the case study of Hanoi by
developing a CVM-based process that focuses on three important points: (1) a naturally
exploring WTP technique aligning with the way in which humans think, (2) determining
whether the results of the CVM’s social investigation are consistent and reliable, and
(3) finding the appropriate variables to include in the WTP regression model based on the
groups of key factors that significantly affect WTP and the current circumstances of Hanoi’s
urban domestic water supply system’s (HUDWSS) performance. With the application of
the developed CVM-based process to Hanoi, it is possible to examine the factors affecting
residents” WTDP, thus providing an essential first step in the improvement of the domestic
water supply and community expectations in Hanoi.

2. Study Area

Figure 1 displays the study location, consisting of ten urban districts, and the main
rivers and lakes of Hanoi. As the economic, political, and social center of the country,
Hanoi’s population and its density are very high compared to other developed cities in
Vietnam. In 2020, the total population of Hanoi was approximately eight million people;
female and male residents accounted for a similar proportion, and almost half of the total
population was comprised of urban residents, according to the General Statistics Office of
Vietnam. Average monthly income per capita in Hanoi was an estimated 6.3 million dong
(about 280 US dollars).
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Figure 1. Study area and main rivers in Hanoi.

Hanoi’s Urban Domestic Water Supply System (HUDWSS) faces a number of signifi-
cant challenges in delivering its plans to supply improved water to all residents before 2030.
Currently, the per capita average urban water demand is approximately 200 L/day [26]
However, the municipal government is facing several challenges in providing sufficient
water sustainably due to: (i) the ever-increasing urban population and density; (ii) serious
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pollution of both the surface and groundwater resources that serve as the main input water
sources for HUDWSS's operation, and especially; (iii) the large losses of water (due to
leakage) that can then not be used to generate any revenue.

Regarding the first challenge, the rapid urban growth places great pressure on natural
resources and the environment, putting particular stress on HUDWSS to meet the growing
water demand of customers, causing the fragmentation of Hanoi’s urban water infrastruc-
ture [27]. In recent years, Hanoi’s population has increased rapidly; the density of the nine
urban districts has increased up to 11,759 people/km?, while the urbanization rate reached
40.5% in 2013 [26]. In recent years, the population grew by approximately 3.4% per year.
In just two years, from 2015 to 2017 the population grew from 7.2 to 7.7 million people,
and the population density rose from 2000 to 2209 people/km? [28]. The city’s water
distribution system, including new and old networks, has a long history of construction
and rehabilitation. Hanoi Water Limited Company (HAWACO) is the city’s largest water
distribution enterprise and has legal status under the Hanoi Transportation Department.
The company was established under Decision No. 546/QDUB dated 4 April 1994 of the
People’s Committee of Hanoi, with a history that can be traced back to the nineteenth
century. Currently, Hanoi has 12 main water plants and, (including the district of Ha Dong)
eight water supply zones managed by HAWACO, Vietnam’s Freshwater Business and
Construction Investment Joint Stock Company (VIWACO), and Ha Dong Waterworks [29].
As reported by HAWACO, the average water supply capacity is 1,462,000 m3/month,
of which 35% is distributed to the old network, which mainly serves the Old Quarter’s
communities; and 65% is distributed to the new network, which covers the inner, the west,
and the southeast regions of Hanoi, see Figure 1 [30]. HAWACO is failing to meet current
water needs. With the per capita water demand in the urban districts at approximately
130 L/person/day, the public water utilities failed to supply urban districts approximately
every two days per month in 2016 [30]. Consequently, as mentioned by HAWACO [31], just
55% of the city’s population has access to HUDWSS even though the public distribution
network fully covers all of the urban districts. However, around 30% of urban households
use freely accessible well water sources [32].

Regarding the second challenge, both surface and groundwater resources for HUD-
WSS are seriously degraded and polluted. This critical situation challenges the water
enterprises in terms of how to provide a high-quality water supply for local communities.
The majority of input water sources for HUDWSS consist of groundwater harvested from
Pleistocene aquifers. Groundwater resources are distributed unevenly, with the largest
recharge of 700,000 m3/day in the south and the smallest of 66,000 m3/day in the Soc Son
district (Figure 1). The disastrous situation of seriously degraded groundwater quantity
and quality as a consequence of inappropriate usage and management has been compre-
hensively presented in a number of previous studies [33-35]. In addition, the surface water
sources in rivers and lakes are also seriously contaminated due to solid waste dumping,
and domestic and industrial wastewater flowing directly into the water bodies without
treatment. The total domestic and industrial wastewater volume in the central area of
Hanoi is approximately 600,000-700,000 m3/day; the combined capacity of all the water
treatment plants in Hanoi, however, is only around 245,000 m3/ day. Hence, two-thirds of
the generated wastewater is not treated before being discharged into rivers and lakes [12].
Consequently, water quality parameters are far below the national water quality standards.
For instance, as reported by HAWACO in 2016, the observed values of an important water
quality parameter of chemical oxygen demand of Quynh lake, which is located in our
targeted urban district Hai Ba Trung, is extremely high at 136 mg/L, compared to the
recommended value of 10 mg/L, which is the national standard for good surface water
quality. Moreover, major rivers such as the Red River, Da River, and Day River are inter-
provincial water resources, and they have a great impact on the quality and reserves from
the watersheds; thus, it is difficult to use these water resources.

Regarding the third challenge, according to HAWACO [30], the most pressing issue
for the Hanoi water supply sector is the large volume of non-revenue water, which is
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approximately 23%. In fact, considering around 600,000 customers and the total capacity
of plants of 534,500 m3/day, it is estimated that the quantity of per day non-revenue
water is approximately 2.8 times the existing supply capacity. The rate of non-revenue
water loss was substantially reduced from 38% in 2007 to 23% in 2015 as a result of the
efforts of HAWACO’s management. The average water price as of 2020 is 7000 dong/m?
(~USD 0.31/m?) in urban districts; thus, this massive wasted budget could be estimated
as more than 1 billion dong per day (~USD 43,700/day), while the residents still lack a
water supply. The main reasons for this huge loss include the poor maintenance of water
pipelines, inaccurate water meters leading to the incorrect recording of water use, or even
water theft or illegal water tapping, as observed in other developing countries [36]. This
critical circumstance threatens the sustainability of the financial situation of HUDWSS and
thus challenges the ability of HUDWSS to meet the goal of achieving a sufficient water
supply for all, as mentioned in the global sustainable development goals.

3. Contingent Valuation Method-Based Process for Exploring the Factors Affecting the
WTP of Hanoi’s Urban Domestic Water System

The CVM used here employed a survey of Hanoi water supply service customers (see
Appendix A) that consisted of five main sections: (1) a section asking questions concerning
respondents’ public awareness of the water supply service situation, with the aim to
understand the community’s response to the service; (2) the presentation of the CVM
scenario; (3) several questions for those who do not use HUDWSS; (4) a question asking
about the respondent’s WTP for the improvement of the water supply service, and; (5) a
series of demographic questions. This survey outline follows the general process of the
application of CVM to elicit WTP based on a range of previous studies [37-39]. We further
developed these general sections to apply them to the specific situation of HUDWSS.
The main objectives addressed in the questionnaire were (i) to understand the current
situation, public perception, and satisfaction regarding the domestic water supply among
local communities; (ii) to explore the WTP of local residents for water supply improvement;
and (iii) to enable the subsequent analysis of the key factors affecting the WTP. Conducting
a comprehensive investigation, we finally had 402 respondents, which as discussed in
Section 3.3, is sufficient to give adequate statistical power.

In the application of the CVM developed in this study, we developed three method-
ological innovations. First, we improved the technique of determining the respondents’
WTP values step by step, logically and naturally, in line with natural thinking patterns;
the so-called ‘naturally exploring” WTP technique. Secondly, we checked whether the ob-
tained responses from the CVM social investigation were acceptably consistent and reliable,
and this step is essential since the social investigation is usually carried out in diverse
situations. Thus, its reliability and consistency are uncertain, depending on awareness,
the convenience of the interview process, and even the personalities of both interview-
ers and respondents. We then clarified the groups of main factors affecting WTP, which
have not been mentioned in the previous literature. This step is also crucial because it
provides us with the background to propose a list of appropriate variables that should be
included in the WTP regression model. The details of these three points are explained in
the following subsections.

3.1. Questionnaire Design

In order to gain a better understanding of the current domestic water use situation
in urban communities in Hanoi, this study conducted a social investigation based on
a questionnaire survey and a face-to-face interview. The questionnaire was set up and
completed in two phases. The first phase was a pilot survey, in which 10 samples were
collected to test how the respondents understood the primary list of questions and how
much information the interviewers could collect from the face-to-face interviews. After
the pilot survey, a few questions were changed, making them easier to understand for the
respondents and thereby increasing the effectiveness in approaching the problem.
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The final questionnaire consisted of five parts, as we needed to deal with respondents
with and without a water supply from HUDWSS. The first part sought to understand which
water sources were used for domestic purposes; the second part aimed to provide a list of
questions for those who used water from HUDWSS. Here, we attempted to measure the
satisfaction of the communities in terms of the quantity, quality, and management of the
current domestic water supply; the third part addressed communities that did not use water
from HUDWSS; the fourth part enquired about which aspects the communities wished to
improve regarding the performance of HUDWSS and the amount that the communities
were willing to pay for this improvement in the future; and the final part focused on
the residential demographic variables such as age, gender, education level, and monthly
income. The demographic information provided the basis for understanding the factors
affecting the respondents” WTP for the HUDWSS improvement.

3.2. The Naturally Exploring WTP Technique

To determine respondents” WTP, one of the most widely used WTP questioning tech-
niques is open-ended questions [37,39-44]. In an open-ended question, the respondents
are asked to state the maximum amount they could pay for water-targeted improvement.
The advantage of this technique is that the question is easy to understand and gives the
respondents freedom in giving their WTP values. However, as highlighted in a previous
study [38], the open-ended question technique can result in several “zero bids”, i.e., re-
spondents indicating a WTP of zero. Therefore, to avoid this zero-WTP situation in our
investigation, before asking about the residents” WTP, we provided them with information
about the price they are currently paying for 1 m? of water supplied by HUDWSS. By doing
this, their WTP values were at least equal to their current price for water use, the so-called
WTPy. Thus, in practice, we used three consecutive questions to determine WTP values
as the maximum amount that they were willing to contribute. The first question was “To
improve the current HUDWSS to the level of your expectations, are you willing to support
the water price?”. Upon answering YES to this question, they were asked the second
question, “The current price of water supply is 7000 dong/m3, how much do you think
that this current price could be increased to have a better budget for HUDWSS improve-
ment?”. When answering the second question, respondents were offered several levels
by which the current water price WIP; could be increased, resulting in pre-WTP values.
The third question, “What is the maximum amount which you are willing to support to
improve HUDWSS's performance?”, was used to determine the maximum amount that the
respondents were willing to pay, which is referred as their actual WTP values.

3.3. Sampling

The minimum sample size was determined according to Krejcie and Morgan [45]; for
large areas, the number of participants required for the survey was calculated as follows:

X?NP(1—P)

T #(N-1)+X2P(1 - P)

)

in which S: minimum sample size; X?: the table value of Chi-square for 1 degree of freedom
at the desired confidence level (3.841); N: the population size; P: the population proportion
(assumed to be 0.5 since this would provide the maximum sample size); d: the degree of
accuracy expressed as a proportion (0.05).

The estimated population in these Hanoi urban communities was 3,962,310 in 2019.
Thus, the minimum sample size was calculated as 384 samples. In this study, we first
conducted a pre-test survey of ten samples of several staff working at the Hanoi University
of Natural Resources and Environment and the residents living near this university in order
to determine whether our questionnaire was understandable and appropriate. We then
finalized the questionnaire and started conducting the comprehensive social investigation
in the three most urbanized district representatives in Hanoi urban communities, including
the newly urbanized Ha Dong and two old inner-city districts of Thanh Xuan and Hai
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Ba Trung (Figure 1). After three months of surveying from November and December
of 2019 to January of 2020, we had randomly collected 454 samples. Among these, we
could not use 52 samples, mainly due to missing information for more than 30% of the
questions. Hence, the final data set comprised 402 samples, of which 91 samples were from
the Ha Dong district (353,200 residents in 2019), 155 samples were from the Thanh Xuan
district (286,700 residents in 2019), and 156 samples were from the Hai Ba Trung district
(311,800 residents in 2019).

3.4. The Theoretical WTP Regression Model

In the literature, we found that 21 main factors/variables that could be considered
to affect the WTP for water supply and water-related service improvement. These fac-
tors/variables could be divided into four groups: demographic factors, water supply
quantity, quality, and service, as shown in Table 1. Therefore, the theoretical WTP regres-
sion model could be formulated as in Equation (2).

WTP = f(De; Quan; Qual; Ser) = Cp, X De + Cguan X Quan + Cqye X Qual + Csep X Ser + e 2)

in which WTP is the dependent variable; De are demographic variables; Quan, Qual, and
Ser are variables regarding water supply quantity, quality, and service, respectively; Cp,,
Couans CQuat, Cser are coefficients; and e is the random error. The IBM Statistical Package for
the Social Sciences (SPSS) was used to generate the WTP regression model and perform
data analysis.

Table 1. Classification of 21 factors/variables considered to affect WTP according to the literature.

Classification Factors/Variables Publications
Gender [13-19] *
Age [46-50] *
Education level [25,39,51,52] *

. Family size 19,53-55] *, [56

Demographic Factors (8) Chilc}ilren {57] [58—20]’[* ]

Occupation [48,54], [61,62] *

Income [36,37,56,58,63] *

Wealth of the household [14] *, [64]
Water source [51], [65-67] *
Water Supply Quantity (3) Water reliability [50,68-70] *
Water use quantity [13,47,48,55] *, [71]
Clean water awareness [43]%, [71], [72,73] *
. Water quality care [37], [39,44,49] *, [74]
Water Supply Quality (4) Water-borne diseases [38,66,75] *
Water treatment measures [39,68,76-78]
Bid value [15,50] *, [65], [70] *
Monthly water bill [55], [61] %, [77]
. Household location [48]* [51], [67] %, [71]

Water Supply Service (6) Distance to water source [16] *, [25]%, [77]

Time for water connection [41,47,53], [55] *

Water connection charges [54,57,68] *, [78]

Note: The studies with “*” are the ones in which the corresponding factors/variables are significant at a 0.05 con-
fidence level.

Selection of factors/variables in each group: Depending on the targeted water supply
issues and the public preferences in a specific study area, the factors/variables of water
supply quantity, quality, and service groups could be selected. In terms of demographic fac-
tors, this selection depended on the characteristics of the communities that the researchers
wished to test for their correlations with the WTP.
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3.5. Reliability Check

To validate the reliability of the responses in the questionnaire, we used a statistical
measure of confidence consistency, namely Cronbach’s alpha coefficient, for a given sample.
The coefficient formula is according to Equation (3), as indicated in [79].

K
K Yi1 0 12/,]

1—
K-1

X =

®)

2
Uk

in which K is the number of components (usual questions); 0% is the variance of the
observed total test scores, and (T%,i is the variance of component i for the sample.

Reliability scale: As mentioned in [79], the coefficient values in the range of (0.9; 1.0),
(0.8; 0.9), (0.7; 0.8), (0.6; 0.7), (0.5; 0.6), and (0; 0.5) indicate respectively excellent, good,
acceptable, questionable, poor, and unacceptable internal consistency.

3.6. Application for HUDWSS

Applying our CVM-based process, we obtained 402 useable samples from the three
urban districts. Using Equation (3), we find a value for a of 0.879 for the responses to the
group of questions regarding the type of water used daily; 0.863 for the responses to the
questions regarding the residential satisfaction towards HUDWSS’s water consumption;
0.943 for the responses to the questions regarding the residential satisfaction towards
HUDWSS’s water quality; and 0.865 for the responses to the questions regarding the
residential satisfaction towards HUDWSS's service and management. These coefficients are
all higher than a threshold value of 0.8, indicating that the obtained responses are internally
consistent and reliable. Therefore, the data set obtained from these 402 reliable responses
was used for further analysis.

Table 2 provides further details about the characteristics and status of the survey
sample. From the total of 402 people interviewed, 208 (51.7%) were female, and 194 (48.3%)
were male. The majority of the respondents’ ages were in the range of 24 to 55 years (66.9%),
and only one respondent was under 18 years old (0.2%). Of the five occupation groups
mentioned in the questionnaire, business was the most common, accounting for 46.3%
of all occupations. The level of education of the surveyed subjects was partly reflected
through their occupation. The more educated subjects were aware of the importance of
clean water and the impact of inadequate water quality on their health. It was observed
during the pilot survey that interviewees did not wish to disclose their actual incomes due
to various personal reasons. Consequently, dividing the total family income into ranges of
values in this study made the respondents more comfortable in indicating their relative
income. The number of respondents with a total family income of between 10 to 30 million
VND (approximately between 434 to 1304 USD) accounted for half (51.7%) of the sample.

Table 2. Basic characteristics of the sample (N = 402).

Characteristics In Number (Persons) In Percentage (%)
Less than 18 years old 1 0.2%
Ace From 18 to 24 years old 50 12.4%
8 From 24 to 55 years old 269 66.9%
Over 55 years old 82 20.4%
Gend Female 208 51.7%
ender Male 194 48.3%
Student 29 7.2%
Employees and officers 64 15.9%
Occupation Business 186 46.3%
Worker 52 12.9%

Work at home 71 17.7%
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Table 2. Cont.

Characteristics In Number (Persons) In Percentage (%)
Less than 3 million VND 1 0.2%
3-5 million VND 9 2.2%
Total income 5-10 million VND 77 19.2%
10-30 million VND 208 51.7%
Over 30 million VND 107 26.6%

4. Results and Discussion

Here we first present the current public awareness, satisfaction, and expectations of
HUDWSS quantity, quality, and service that are described to allow for a better understand-
ing of the urban community perceptions and to evaluate the use of the naturally exploring
WTP technique on Hanoi’s dataset. This is followed by a comparison of the usual statistic
variation in both Pre-WTP and WTP values. Finally, we describe the establishment of the
WTP regression model based on the theoretical regression framework presented in the
methodology to assess how the community’s maximum willingness to pay was affected by
demographic and domestic water-related factors.

4.1. Social Satisfaction of the HUDWSS’s Quantity, Quality, and Service

We divided the sample into two groups: households using water from HUDWSS,
comprising 331 respondents (82.3%), and households not using water from HUDWSS,
comprising 71 respondents (17.7%). Hence, water from HUDWSS, or “tap water”, is most
widely used in the inner city of Hanoi (Figure 2). The percentage of those using tap water
for cooking and eating purposes accounted for 81.8%, while some households still used
well water (12.4%) and rainwater (5.7%). For other purposes, such as bathing, sanitation,
gardening, and car washing, the percentage of water usage remained at the highest levels,
at 78.4% and 72.6%, respectively. The reason for this was that there were 35 households
(approximately 8.7% of the total 331 households using water from HUDWSS) using two
or more water sources along with water from HUDWSS. Using alternative water sources
is considered to be more advantageous because of their convenience and the low cost of
installation. Around 17.7% of households did not have access to tap water for various
reasons. There were three subjective reasons discovered through the survey: (i) unstable,
dripping, and limited water supply; (ii) no water quality guarantee; and (iii) the limited
maintenance service of the supply system.

90.0%

81.8%
78.4%

72

80.0%

70.0%

60.0% m Drinking and Cooking

50.0% Washing and Sanitation

40.0% # Gardening and Car Washing

30.0%
21.1%

20.0%

10.0% 5.7% 4.7%5-0%

HUDWSS Private Wells Rain water Rivers and lakes

0.0%0.0% 0.2%

0.0%

Figure 2. The main water sources used for basic purposes among the studied households.
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4.2. Residential Satisfaction of Domestic Water Quantity

The ability to provide a sufficient amount of water by HUDWSS to consumers depends
on many factors and was examined objectively through direct interviews with the residents.
The survey results show that monthly water consumption and water cut-off status directly
influenced the extent to which residents’ consumption needs were met. Most (55%) of
the surveyed households usually used 20 to 30 m? daily, and water consumption was
gradually reduced with the number of members in the household and the use purpose.
However, there were still a small number (7.9%) of households with a high water demand
of over 30 m® per day, usually for business and production purposes. In general, the
amount of water consumption was relatively high, and this is expected to rise in the future.
Therefore, a calculation based on the number of days and monthly times of water cut-off
was performed to evaluate whether the water supply was adequate. The amount of water
supplied by the city water supply companies was considered to be relatively sufficient. In
particular, 77.3% of the surveyed respondents said that the water was sufficiently supplied.
In addition, the households with a water cut-off of 1 day, 2 days, and 3 days per month
accounted for 15.4%, 6.6%, and 0.6%, respectively (Table 3).

Table 3. Household responses regarding domestic water quantity.

In Terms of Number of Responses Percentage (%)

Monthly water consumption

Less than 10 m3 33 10.0%
From 10 to 20 m? 90 27.2%
From 20 to 30 m3 182 55.0%
More than 30 m3 26 7.9%

Domestic water cut-off frequency

1 day/month 51 15.4%
2 day/month 22 6.6%
>3 day/month 2 0.6%
No water cut-off 256 77.3%

Domestic water use quantity satisfaction
<50% 0 0.0%
50-60% 6 1.8%
60-80% 18 5.4%
80-100% 245 74.0%
>100% 62 18.7%
Total 331 100%

Most of the subjects were relatively satisfied with the amount of water provided. The
ability to meet from 80% to 100% of the demand for users accounted for 74% of the total
population surveyed. In addition, the amount of water meeting more than 100% of the
water consumption demand accounted for 18.7% of the total population surveyed. The
remaining residents considered that the supplied water was insufficient for use. The survey
results show that households that used less water had enough water to use. As for some
cases where households required large amounts of water (>30 m3) or had frequent water
cut-offs, respondents were not satisfied and underestimated the water supply capacity of
HUDWSS (Table 3).

4.3. Residential Satisfaction of Domestic Water Quality

According to the survey results, the households using water from HUDWSS responded
that they used clean water. Approximately 9.4% of the households mentioned that the
water sometimes had a different color or taste, and others commented that the water
was cloudy (3.9%). Besides the general public response regarding domestic water supply
quality, the water quality nevertheless still could not meet the residents’ standards because,
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according to our results, 80.4% of households use advanced water purifiers before cooking
and drinking. For the rest, depending on the household income and also the perceptions of
the household decision-makers, households boiling their water before use accounted for
15.4%, and households that did not use any kind of treatment accounted for only 4.2%. The
results reveal that there is a need to improve HUDWSS to meet the standards of the local
communities. For further information on health impacts related to water supply quality,
we also considered waterborne diseases such as diarrhea, skin diseases, gynecological
diseases, dengue fever, Japanese encephalopathy, and helminthic infection in the three
urban districts. As shown in Table 4, the proportion of residents who had not suffered from
any waterborne disease accounted for 90%, but 10% of the respondents had been affected
by the aforementioned water-borne diseases.

Table 4. Household responses regarding domestic water quality.

In Terms of Number of Responses Percentage (%)

Public awareness of domestic water quality

Clean 279 84.3%
Color/smell/taste sometimes 31 9.4%
Cloudy 13 3.9%

Strange color/smell/taste 8 2.4%

Water treatment used

Advanced water purifiers 266 80.4%
Just boiling 51 15.4%
None 14 4.2%
Water-borne diseases affected
Not yet 297 89.7%
Slightly 9 2.7%
Skin disease 12 3.6%
Diarrhea/Gynecological diseases/Dengue fever/Japanese 13 3.99
encephalopathy /Helminthic infection e
Total 331 100%

4.4. Residential Satisfaction of Domestic Water Service

The questionnaire survey for households using the water supply from HUDWSS
showed that the service is relatively acceptable. In terms of the water bills, approximately
60% of respondents” monthly payments ranged from 200,000 to 500,000 dong/month
(approximately 9 to 22 USD at the exchange rate of 1 USD to about 23,000 VND on the first
day of 2020); 35% had to pay less than 200,000 dong/month (mostly households with few
members and households who used water from alternative water sources, such as private
wells, rivers, and lakes); and approximately 5% were mainly business-based households
and paid more than 500,000 dong/month.

Convenient and multiple payment methods are crucial in increasing residents” sat-
isfaction with HUDWSS’ service quality. As investigated in our study, there were three
main payment methods, with those utilizing smartphone apps and computers accounting
for 38.1%, those using home-visiting staff accounting for 35%, and those using super-
markets/post offices accounting for 26.9% (Table 5). This shows that modern payment
methods via apps and third-party stakeholders have taken a strong foothold over the
traditional home-visiting payment method. The transition is quite important for busy
urban households in Hanoi, where modern residents spend most of their time away from
their houses.
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Table 5. Household responses regarding domestic water management and service.

In Terms of Number of Responses Percentage (%)
Payment method
Via apps on smartphone/computer 126 38.1%
Via home-visiting staff 116 35.0%
Via Supermarket/Post office 89 26.9%
Receiving water cut-off notifications
From HAWACO website 5 1.5%
From HAWACO document 2 0.6%
From the community’s radio 8 2.4%
From the community’s bulletin 38 11.5%
No notification 22 6.6%
No water cut-off 256 77.3%
How long has the local water supply system been installed?
Less than 5 years 38 11.5%
5-10 years 94 28.4%
10-15 years 154 46.5%
Over 15 years 38 11.5%
Don’t know 7 2.1%
Maintenance service

Don’t know 23 6.9%
Regularly checked and maintained 176 53.2%
No maintenance service 132 39.9%
Total 331 100%

Regarding water scarcity in urban districts and the limitation of the water supply
system’s capacity, especially during the summer season, urban districts in Hanoi sometimes
face several days without water supply. We found that the urban communities in Hanoi
wish to receive water cut-off notifications from the suppliers. In this study, water cut-off
notification refers to the interruption announcement of water supply. Most households
(77.3%) did not experience days without a water supply. However, around 11.5% of
households received water cut-off notifications from the community’s bulletin and only
0.6% of them received written notices from the water companies. Among the residents who
experienced days without a water supply, around 6.6% of households said that they did
not receive any notification before this happened (Table 5).

Furthermore, we found a lack of regular checks and maintenance for HUDWSS even
though these services are essential to ensure that the system is still working well. As
observed in our study, almost two-thirds of the respondents (58%) confirmed that the local
water system had existed for more than ten years, and 11.5% relied on a system that had
even been installed more than fifteen years ago. New systems, which had been installed
less than five years ago, accounted for only about 10% of the respondents. However, almost
40% of the respondents complained that there was no maintenance service. Only half of the
local systems were regularly checked and maintained (Table 5). The lack of maintenance
service explains why the non-revenue water proportion in Hanoi remains high, despite
recent efforts to reduce it, as shown in Section 2.

4.5. Social Needs Priorities for HUDWSS Improvement

Given the current state of HUDWSS, with its many shortcomings, an important issue
is how residents’” would like the quality of the water supply services to be improved.
We examined the work needed to improve the HUDWSS in the questionnaire, which
the respondents evaluated based on the priority of the tasks to be carried out (Figure 3).
According to the community’s assessment, “improving the quality of water supply” should
be prioritized first, followed by “the amount of water needs to be stabilized regularly”.
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Other issues related to the management and service quality were not a priority but still
need to be dealt with in the future. Therefore, to realize these improvements, the question
is as follows: Are residents willing to pay higher water prices to obtain more funding in
order to improve the quality and quantity of the water supply?

3.00
Priority Score:

2.59
231 3- The highest
2 - The middle...
2.00
1.36 1.43
1.17 1.16
1.00 I I I I
0.00

Supporting the Reducing the Improving the Improving the Providingthe Training the

system water price  water supply  stable water reliable water professional
installment quality  supply quantity — payment  water payment
costs methods collection
staffs

Figure 3. Prioritizing the tasks needed in order to improve HUDWSS.
4.6. Household Positive Pre-WTP and WTP for Improved HUDWSS

Among the 402 survey respondents corresponding to 402 households, 331 used water
from HUDWSS and the remaining 71 did not. Therefore, resulting from the naturally
exploring WTP technique, both the Pre-WTP values—resulting from the answer to the ques-
tion on how many of the respondents think the current price could be increased—and WTP
values—resulting from the question on the maximum willingness to pay—were evaluated
based on the interview results of the 331 households that used water from HUDWSS. The
changes in the respondents’ willingness from Pre-WTP to WTP are shown in Table 6 and
Figure 4. When answering the question about Pre-WTP, around 71% of households stated
that their willingness was equal to the current water supply price of WTP = 7000 dong/m?
(approximately 0.3 USD). Around half of these households increased their willingness
to pay higher values when stating their maximum levels of WTP. This change indicates
that 35.6% of households were willing to pay 14,000 dong/m? (approximately 0.6 USD).
The highest pre-WTP value of 13,000 dong/m? was replaced by 20,000 dong/m3 as the
highest value of WTP. By multiplying the obtained pre-WTP and WTP values per m?
of water supply with the corresponding average monthly water use of the households,
the pre-WTP and WTP values per month could be evaluated. Thus, as seen in Figure 4,
the pre-WTP mean also increased from 164,000 dong/household /month (approximately
7 USD) to a mean WTP of 281,000 dong/household /month (about 12.2 USD). A substantial
proportion (22.1%) of households were willing to pay the highest amount, equivalent to
350,000 dong/household /month (about 15 USD). For each targeted district, the mean WTP
in the Thanh Xuan district was approximately 278,000 dong/household /month (about
12.1 USD), equivalent to 1.4% of the total average income of households; in Hai Ba Trung
district, the mean WTP was the highest, approximately 286,000 dong/household /month
(about 12.4 USD), equivalent to 1.5%; and the mean WTP in Ha Dong district was the
lowest, at approximately 270,000 dong/household /month (about 11.7 USD), equivalent to
1.4% of the total average household income. Overall, the mean WTP of all three districts
was equivalent to approximately 281,000 dong/household /month (about 12.2 USD), which



Water 2022, 14, 2161 14 of 24

is equivalent to 1.4% of the total average income of households. In this case, our proposed
WTP exploring technique helped the respondents to determine their maximum willingness
values, offering them the freedom to provide their figures rather than selecting from a set
of proposed values. This allowed the respondents to carefully consider their needs in order
to obtain water at their recommended rates. The average estimated WTP value of the three
districts in general, and the value of each district, in particular, did not exceed 2.5%, as
established by the United States Environmental Protection Agency (US EPA) as an indicator
of the affordability of monthly water payments among citizens.

Table 6. Pre-WTP and WTP of the respondents.

Pre-WTP Value Number Percentage (%) WTP Value Number Percentage (%)
(dong/m3/Household) of Responses gello (dong/m3/Household) of Responses gello
7000 234 70.7 7000 118 35.6
8000 2 0.6 14,000 118 35.6
9000 5 1.5 15,000 2 0.6
10,000 19 5.7 16,000 3 0.9
12,000 16 4.8 17,000 19 5.7
13,000 55 16.6 19,000 16 438
20,000 55 16.6
Total 331 100 Total 331 100
B Mean = 16_4 1254 Mean = 281
125 f;ti 3%? - ?Sf;n;i\ =140.157
100
1001
I P
] S 75 —
g 75 g
£ £
50
50
254 L = ~
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PreWTP (thousand dong/household/month) WTP (th 1 dong/k hold/month)

Figure 4. Pre-WTP and WTP histograms.

4.7. Determining and Analyzing the Factors Affecting the WTP Values of the Respondents

Determining the variables included in the WTP regression model is important to
understand the factors that affect WTP. In this study, the variables were determined and
selected based on two criteria. First, based on the synthesis of 21 common factors grouped
into four categories, as shown in Table 1, this study also clarified the main factors from these
four common groups. In the first group of demographics, we considered the five variables
of gender, age, income, family size, and occupation, as these variables are usually measured
in the literature regarding CVM applications. Second, based on the actual situation of
HUDWSS’ performance, the variables of water supply quantity, quality, and service were
selected and proposed in this study. For the group of water supply quantity, the water
use variable referred to the average monthly amount of water consumption in households;
regarding the quantity variable, this measured how satisfied the respondents were with
the water supply quantity. The water supply quality group included the quality variable,
which measured whether the water met the quality standards of the communities, and the
treatment variable, which referred to the water purification methods that the households
usually used before cooking and drinking. The water supply service here consisted of three
variables measuring how well and conveniently the HUDWSS’ service could assist their
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customers in using the water supply. The payment method variable considered the way in
which the households paid their monthly water bills. The maintenance variable evaluated
how often the household’s water supply equipment was checked and maintained to prevent
non-revenue water. The notification variable measured whether the communities were
informed before the water supply was cut off. As a result, 12 independent variables were
selected and proposed to affect the WTP for improving the quality of the HUDWSS service.
The descriptions of these variables are also given in Table 7. Moreover, the dataset obtained
from any social questionnaire survey is usually complex, causing skewing problems. In
this study, we thus applied the log transformation method for the values obtained for the
income and WTP variables in order to reduce the data complexity. The transformation
rules for all the dependent and independent variables of the WTP regression model are
described in detail in Table 7.

Table 7. Description of variables used in regression analysis.

Variable

Description

Dependent variable

Log_WTP

Continuous variable denoting the natural log value of each respondent WTP

Independent variables

Gender Dummy variable equal to 1 for male and 0 for female

Age

Dummy variable equal to 1 if age of respondent is in the range of 24 to 55 years
old and 0 otherwise

Demographic variable

Log_Income

Continuous variable denoting the natural log value of each household’s
monthly income

Dummy variable equal to 1 if household has more than normal size of

Family Size four members and 0 otherwise
Occupation Discrete variable denoting the respondent’s occupation type
Water use Dummy variable equal to 1 if the monthly household water consumption is in
the range of 20 to 30 m> and 0 otherwise
Wat 1 tit
Ater SUPPTy qHantily Quanti Dummy variable equal to 1 if the water supply meets more than 80% of the
ty household’s water needs and 0 otherwise
Quality Dummy variable equal to 1 for clean water response and 0 otherwise
Water supply quality Dummy variable equal to 1 if household uses water treatment and 0 if
Treatment
household uses no water treatment
Payment Method Discrete variable denoting the household’s water payment method
. Maintenance Dummy variable equal to 1 if household’s water supply system is regularly
Water supply service maintained and 0 otherwise
P Dummy variable equal to 1 if household receives a notification before water
Notification

cut-off day and 0 otherwise

Regression analysis for 331 households using water from HUDWSS was conducted.
The results of the regression model are shown in Table 8. The specified regression function
fit the estimated mean WTP of individual respondents, as indicated by an R? estimated at
0.314, and the standard error of this estimation is approximately 0.208. The results show
that age significantly (at 0.1 significance level) affects the mean WTP of respondents. More
specifically, the older the respondent, the higher their mean WTP. As expected, similar
to the situation in many other developing countries [19,36,37,56,58,63], income affects the
mean WTP of respondents significantly (at 0.05 significance level); the higher the household
income, the higher the mean WTP of the respondent. The results also confirm economic
theory, which states that an individual /household’s demand for a particular commodity
depends on his/her income [38]. The effects of gender are significant (at 0.05) and negative,
implying that men are willing to pay more for improved HUDWSS than women. This is
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contrary to the assumption that women are more likely to pay more because they invest
more time in household activities and have a greater need for water for domestic purposes,
as suggested by the findings of Ayanshola et al. [80]. The effect of water use is significant (at
0.01 level) and positive, and the greater the amount of water used by a household influences
the WTP for the improvement of the HUDWSS service. It is interesting to note that the
payment methods and maintenance variables, which were proposed for the first time in
this study for the targeted HUDWSS, appear to positively affect the respondents” WTP and
are also respectively significant, at 0.1 and 0.01 levels. This implies that households that
used modern payment methods were willing to pay more to improve the water supply
service, and households that have regular water supply system maintenance checks by staff
are also willing to pay more to improve the water supply service than other households
whose water supply systems are not maintained.

Table 8. WTP regression results for HUDWSS improvement.

Independent Variable Estimated Coefficient p-Value Standard Error
(Constant) 0.000 0.376
Gender —0.101 0.032 ** 0.023
Age 0.089 0.079 * 0.027
Log_Income 0.126 0.013 ** 0.052
Family Size —0.054 0.259 0.024
Occupation 0.009 0.855 0.011
Water_use 0.319 0.000 *** 0.027
Quantity 0.044 0.391 0.049
Quality 0.046 0.376 0.035
Treatment —0.011 0.819 0.058
Payment Method 0.092 0.053 * 0.015
Maintainance 0.228 0.000 *** 0.028
Notification 0.003 0.953 0.034

Dependent variable: Log_ WTP; R? =0.314; Adjusted R? = (0.288; Standard error of the estimate: 0.208; *** statisti-
cally significant at 0.01, ** statistically significant at 0.05, and * statistically significant at 0.1.

The other variables seem to be insignificant in the level of p = 0.1 influencing respon-
dents” WTP. Specifically, the occupation of respondents does not seem to have a significant
impact. This finding is similar to other related studies conducted using CVM for the im-
provement of the domestic water supply system in Nigeria [38] and in Palestine [49]. The
number of people in each household (family size) usually appears to positively affect WTDP,
as found by Byambadorj and Han [54]; Akeju et al. [38] and Fujita et al. [55]. However,
in our study, this variable negatively affected the respondents” WTP and is statistically
insignificant at (p-value = 0.1). The water quantity and water quality satisfaction seem
to positively affect the respondents” WTP but are also not significant at (p-value = 0.1).
Moreover, the effect of the treatment variable was negative and is statistically insignificant
at (p-value = 0.1), as similarly found by Rodriguez-Tapia et al. [39]; Guilfoos et al. [75];
Orgill et al. [76] and Odwori [68]. The effects of the water cut-off notifications were positive
and do not seem to be significant at the level of p-value = 0.1.

5. Conclusions

This study successfully proposes a CVM-based process and tests its effectiveness in an
investigation of Hanoi urban communities WTP regarding the improvement of HUDWSS.
Our results show that Hanoi urban communities were essentially satisfied with the water
supply quantity, as our investigation found that more than 90% of surveyed respondents
considered their water supply to be mostly sufficient. The water quality was still lower
than the quality expectations of the urban residents since most households (80.4%) used
advanced purifiers to treat the tap water before drinking and cooking. Almost half of
the respondents complained about the lack of maintenance services. From the regression
model results, we found that significant factors (at p-value = 0.1, 0.05, and even 0.01)
affecting the WTP are gender, age, income, water use, payment method, and maintenance;
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meanwhile, occupation, family size, quantity and quality satisfaction, treatment, and
notification were found to be insignificant factors (at p-value = 0.1). These findings reveal
the crucial role of understanding the target problems in selecting and proposing appropriate
variables to increase the effectiveness of the WTP regression model. Our results also
show that the naturally exploring WTP technique proposed in this study makes it easier
for both respondents and interview conductors in determining the WTP values. The
average WTP is approximately 1.4% of the average household income, well below the
2.5% threshold established by the US EPA as an indicator of the affordability of monthly
water payments among citizens. However, the implementation of policies will take several
years, especially in developing countries such as Vietnam, where the average household
income is considered low compared to other developed countries, and should take into
account the varying income levels among households. This shows the practicality of a
future social investment fund contributed to by the communities that is used for upgrading
and improving the quality of Hanoi’s urban water supply services. The willingness to pay
(WTP) technique offered genuine results that helped to make realistic recommendations
to the policy- and decision-makers without any complications. The methodology that we
developed for this study can be applied to any similar area, without any geographical
limitations, in several STEM and social science subjects and multidisciplinary fields. These
characteristics make this model unique and easy to use in all circumstances.

Following are several remarks about how to get highly reliable data in such CVM
applications. One thing was asking the cooperative residents who were willing to spend
more than 15 min to finish the questionnaire. This thing mainly depended on how the
interview conductors started asking the questions. Another factor involved about the
investigation approach, which significantly affected the reliability of the collected data.
Using email and Google Forms i could reduce the survey time and make it more convenient
to complete, but the reliability of the obtained data is usually low in comparison to the
face-to-face interviewing approach. In this study, the face-to-face interviewing approach
was employed to maximize the possibility of obtaining highly reliable data. The reason is
that the respondents usually do not fully understand all the questions, thus the interview
process should be like a friendly discussion. Particularly in the CVM investigation, the
respondents should imagine the unreal market and give the most proper payment for the
goods (domestic water supply, in this case). The friendly face-to-face discussion was thus
crucial to help the respondents in finding their appropriate WTPs. Moreover, as experienced
from our investigation, mentioning the current water price of WIP, = 7000 dong when
asking about the WTP really affected the respondent’s opinions. All of the obtained Pre-
WTPs and WTPs were higher than WTPy. That means that the respondents thought of the
WTPj as their acceptable minimum payment for 1 m> of water. In addition, the WTP0 could
also give us the possible variation range of respondent WTPs. In our case, no respondents
gave a WTP of more than three times the WTPy (i.e., about 21,000 dong). Therefore, in
order to obtain a highly reliable data set, it is possible to eliminate the response where the
WTPs are higher than 3*WTP. Regarding future research, we would like to apply the same
methodology by combining physical (water quality and quantity) and social science (people
income, employment, gender) components in other similar areas in Vietnam. Moreover,
we would like to expand our study area to other South Asian countries, such as India, the
Philippines, Sri Lanka, and China. Our collaborators have also shown interest in applying
this unique method to the countries mentioned above.
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Appendix A
HANOI UNIVERSITY OF
VL o SOt or Ay
ENVIRONMENT P 4

QUESTIONNAIRE FOR HANOI URBAN COMMUNITIES TO IMPROVE
THE DOMESTIC WATER SUPPLY SERVICE
(Translated from the Vietnamese version)

Safe drinking water in both quantity and quality is an essential need of all communities.
With a densely populated population like the capital Hanoi, ensuring a high quality source
of drinking water for the communities becomes more urgent than ever. In order to improve
the domestic water supply service for the capital, we are a research team from Hanoi
University of Natural Resources and Environment. We would like to conduct a survey to
have a better understanding of the current situation of Hanoi urban domestic water supply
service. Filling out this survey will take about 15 min from Sirs/Madams. The research
team commits that all information Sirs/Madams provide by filling this questionnaire will
be treated as confidential and will be used for scientific purposes only.

Thank you very much for your kind cooperation!

(Please put an X mark in the bank square in front of your choices)

Appendix A.1. Questions about Water Resources Used for Domestic Purposes

Appendix A.1.1. What Is the Main Source of Water You Use for Cooking and Eating?
Water supply from city water company

Well water

River and lake water
Rain water

Appendix A.1.2. What Is the Main Source of Water That You Use for Washing
and Sanitation?

Water supply from city water company

Well water

River and lake water
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Rain water

Appendix A.1.3. What Is the Main Source of Water You Use for Gardening and
Car Washing?

Water supply from city water company

Well water

River and lake water

Rain water

Appendix A.2. Questions for Those Who Use the Hanoi Urban Domestic Water Supply

Appendix A.2.1. Could You Please Tell Me, How Much in % the Amount of Supply Water
Meets Your Family’s Water Need?

Less than 50% 50-60% 60-80% 80-100% Over 100%

Appendix A.2.2. How Much Is Your Family’s Monthly Water Consumption?
Less than 10 m3 10-20 m? 20-30 m? Over 30 m3

Appendix A.2.3. How Much Is Your Monthly Water Bill?

Less than 200,000 dong 200,000-500,000 dong
500,000-1,000,000 dong Over 1,000,000 dong

Appendix A.2.4. How Many Days Does Your Family Have No Domestic Water Supply in
a Month?
No water cut-off
1 day/month

2 day/month Over
3 day/month

Appendix A.2.5. During the Water Cut Off Day, How Long Is the Period of Water Cut-Off?

Within 6 h
Within 12 h

Appendix A.2.6. Did You Receive Notice before Water Cut-Off Day? If Yes, What Is the
Method of Notification?

No notification

Receive from water supply company (HAWACO) website
Receive from the community’s radio

Receive from the community’s bulletin

Receive from HAWACO documents

Appendix A.2.7. How Do You Feel about the Current Water Quality?

Clean water (colorless, odorless, and tasteless)
Water is cloudy, scum

Water sometimes has color/smell/taste

Water often has a strange color/smell/taste

Appendix A.2.8. How Do You Treat Water before Drinking /Cooking?
Advanced water purifiers

Just boiling

No treatment, just use directly
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Appendix A.2.9. The Following Are 06 Water Borne Diseases. Have You or Anyone in Your
Family Suffered from Any of the Water Borne Diseases?

Not yet

Slightly

Diarrhea

Skin disease

Gynecological diseases

Dengue fever, Japanese encephalopathy
Helminthic infection

Appendix A.2.10. For How Long the Water Supply System You Are Using Has
Been Installed?

Less than 5 years 5-10 years 10-15 years Over 15 years

Appendix A.2.11. Has Your Water Supply System Been Regularly Maintained?

Don’t know
No maintenance service
Regularly checked and maintained

Appendix A.2.12. What Is Your Family’s Water Monthly Payment Method?

Via home-visiting staff
Via supermarket/Post office
Via apps on smart- phone/computer

Appendix A.3. Questions for Those Who Do Not Use Hanoi Water Supply
Appendix A.3.1. What Are Your Main Reasons for Not Using The Water Supply?

Expensive installation cost

Too high water price compared to our water affordability
The water quality is not high enough

Unstable and dripping water

Unreliable water payment methods

Appendix A.3.2. Under the Difficulty of the Current Polluted Natural Water Sources in and
nearby Hanoi, Do You Use One of the Following Treatment Methods before Using Water
for Drinking Purposes?

Advanced water purifiers
A sand gravel filter
Just boiling

Appendix A.3.3. Do You Plan to Use the Water Supply for Domestic Purpose in the
Near Future?

No
Yes, we will

Appendix A.4. Questions of Which Aspects of Hanoi Water Supply System the Communities
Expect to Be Improved

Appendix A.4.1. Please Number in Descending Order of Priority (3—The Highest Priority;
2—Igh Priority; 1—No Priority) the Things to Do to Improve Hanoi Water Supply
System Service?

Supporting the system installment costs
Reducing the water price
Improving the water supply quality
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Improving the stable water supply quantity
Providing the reliable water payment methods
Training the professional water payment collection staffs

Appendix A.4.2. To Improve the Performance of Hanoi Urban Domestic Water Supply
System as You Expected, Are You Willing to Support the Water Price?

Yes
No, my family’s income is low
No, I'm afraid our support will not be used properly

Appendix A.4.3. The Current Price of Water Supply Is 7000 dong/m?, How Much Do You
Think That This Current Price Could Be Increased to Have a Better Budget for
HUDWSS Improvement?

What is the maximum amount which you are willing to support to improve HUD-

WSS’s performance?

Appendix A.5. Questions of Personal Information
a. Living area (District): ... ... ... ... ..o oo

b.Gender: ... ... ...
c. Age:
Less than 18 years old 18-24 years old
24-55 years old Over 55 years old
d. Current job:
Student Worker
Employees and officer Work at home
Business
e. Number of people in your family: ... ... ... ... ... people
f. Total family income:
Less than 3 million dong 3-5 million dong
5-10 million dong 10-30 million dong
Over 30 million dong

Thank you very much for your kind assistance!
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