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Abstract: This study aimed to investigate the willingness of residents of ger (traditional nomadic
house) areas to pay for improvements in the water supply and wastewater treatment system in
terms of capital costs and operation and management (O&M) costs by contingent valuation (CV)
method and payment card format. The problems in the ger area are a lack of a drainage system,
the use of unimproved sanitation technology, and an unsafe water supply, in addition to the direct
discharging of wastewater into pit latrines, soak pits, yards, and streets. The contribution of this
study is the application of this method in a previously unstudied area to enhance the participation
of ger communities that are absent in the development plan of Ulaanbaatar city. A field survey
was conducted in one of the ger areas, the Damba planning unit, and 298 samples were collected
from residents. Data were analyzed and compared using ordinary least squares (OLS) and Tobit
regression models. Model results showed that the average total willingness to pay for the water
supply and wastewater treatment facility installation was 1000 thousand Mongolian tugrik (MNT),
and the average total willingness to pay for the operation and management costs was a maximum
of 3000 MNT per month. The important factors affecting the residents’ willingness to pay (WTP)
for installation were the housing type, current monthly payment for water supply, income level,
and education, in order of significance. People living in their own detached house and educated
greater than high school were more willing to pay for the installation of water supply and wastewater
treatment facilities. Those who were paying higher for their monthly water supply were more willing
to pay for the installation cost. With respect to the WTP for O&M cost, the WTP was associated with
the family size, income level, housing, time for water access, and education, in order of significance.
Families a larger number of members were more willing to pay, and low-income people were less
willing to pay for O&M. Education showed a positive influence on the WTP for O&M. Water access
time also affected the WTP of those who could not access water within 30 min, as they indicated low
WTP values.

Keywords: wastewater treatment; water supply; contingent valuation method; Tobit model;
Damba district

1. Introduction

Access to safe water, sanitation, and sound management of freshwater ecosystems are essential
to human health and to environmental sustainability and economic prosperity. Currently, water,
sanitation, and hygiene (WASH) are a global concern and a priority area as the goal 6 in the sustainable
development goals (SDGs) of the United Nations (UN) [1–5].
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According to the UN [5], a majority of the world’s population still lacks safe sanitation, and 3
in 10 lack safe drinking water. In 2015, 71% of the global population used safely managed drinking
water services (an improved water source located on premises, available when needed and free from
contamination) and 17% of the population used a basic drinking water service (an improved water
source not more than 30 min away). Otherwise, the remaining 13% of the global population still lacked
even a basic level of service for drinking water [5].

With respect to sanitation, on the basis of estimates from 84 countries in 2015 [5], 39% of the global
population used safely managed sanitation services (basic facilities safely disposing of human waste)
and an additional 29% of the population utilized a basic sanitation service (an improved facility that is
not shared). In 2015, 892 million people continued to practice open defecation [4].

In 2015, conflict, violence, and instability in fragile states based on the World Bank’s harmonized
classification of fragile situation [6] curtailed progress on water and sanitation services [5]. Moreover,
untreated wastewater from households degrades overall water quality, posing a risk to both public
health and the environment.

For instance, in 2002, WASH-related deaths and disabilities occurred globally among children 14
years old and younger at rates of 25% and 22%, respectively [7]. Frequently, WASH-borne illness results
directly from the exclusion of the urban poor in national WASH policy, planning, and intervention
processes. One of the fundamental causes of this exclusion has been the long-standing inability of
utility and city managers and their advisers to plan and implement water and sanitation systems, which
respond to the realities faced by the urban poor [8]. Moreover, in both urban and peri-urban (or rural)
settlements, including slums, the provision of sanitation, drinking water, and wastewater treatment
services is absent or ignored, particularly in low-income countries [1,9,10]. The peri-urban areas in
Mongolia are no exception to this kind of attitude being adopted by the national government [1,4].

Mongolia is a landlocked country bordered with China in the south and Russia in the north.
The country is one of the least densely populated countries in the world, with an estimated population
of 3.16 million in 2017, occupying an area of 1.5 million km2 [11,12]. Of the fresh water in the
country, 82% is groundwater [13]. The annual mean temperature of the capital city, Ulaanbaatar, is
−3.7 ◦C, known as the coldest capital city in the world, with a low precipitation of approximately
200 mm/year [12,14].

A high proportion of the country population and economy is concentrated in the capital city,
having over 1.4 million people in 2016 [15]. Ulaanbaatar is experiencing on-going urban growth
due to a large number of nomadic immigrants from rural areas, resulting in environmental, health,
and socio-economic problems. Sixty percent of the total population of Ulaanbaatar reside in peri-urban
informal settlements, called ger areas (a ger is a portable round yurt/tent used in traditional nomadic
settlements), without supporting infrastructure and services for water supply, drainage, sewage,
and central heating.

Moreover, Mongolia experiences climatic hazards—these being drought and severe winters (zud
is the Mongolian local term for severe winter, and dzud is the local term for the combination of drought
and zud), affecting the nomadic people in rural areas. Dzud is a major natural disaster caused by
harsh climate conditions in winter/spring, causing livestock loss because of hunger due to inability
of grazing [16]. Then, herders who have lost their entire livestock in rural areas have to migrate to
the capital city and settle down in the ger areas. This is one of the main causes of the aforementioned
urban growth of Ulaanbaatar [17].

A lack of a safe water supply and unimproved sanitation have been found to be the key issues in the
ger areas. Simple, unimproved, and unventilated pit latrines and soak pits are generally used for on-site
sanitation and household greywater (used water from kitchens, sinks, washing, and other household
sources other than sewage and toilet), resulting in unhygienic living conditions [18]. The daily average
water consumption of 7.3 L per person in the ger areas is low compared to the world standard of 25 L,
and far lower than the 291 L average used by residents of the city core in Ulaanbaatar [13]. As a result,
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less greywater is produced in the ger areas (approximately 4–5 L/person/day) [13]. The low usage in
the ger areas can be attributed to mainly deficiencies in the water supply system.

The sanitation practices in ger areas has significant and cumulative impacts on the soil and
groundwater. Although pathogens from human waste eventually degrade in the ground, these
processes are slowed by the cold climate, with an average annual temperature of 1.0 ◦C [19], an average
summer temperature of 15 ◦C, and an average winter temperature of −19 ◦C [20]. The large amounts of
waste going into the soil can be transported by ground water and surface water during the spring thaw
and summer rains and can affect the health of the residents because of the lack of hygienic sanitation,
which likely contributes directly to higher disease rates. The lack of adequate wastewater disposal
systems is one barrier to increasing the quantity of water supplied to residents. The lack of basic urban
services and infrastructure in the ger area settlements has become a source of urban environmental
issues such as air, water, and soil pollution [20].

With respect to current states of the ger areas on services and infrastructure (e.g., water
supply, sanitation, solid waste management, heating, electricity, street lighting, roads and footpaths,
transportation services, flood control and drainage, health services, emergency services, education,
and greening), detailed information is well described in a series of reports by the UN Habitat [20–22].

However, there are very few studies reporting on the improvement of WASH-related issues. Uddin
et al. reported field experiments on greywater treatment systems, and improvements in household
water supply (use) and wastewater treatment in the ger area of Ulaanbaatar [13,23]. Uddin et al. also
raised WASH-borne hazards and risk issue in the ger area [1,18].

Effective water and sanitation management relies on the participation of various stakeholders,
including local communities [4]. However, as described, the provision of sanitation, drinking water,
and wastewater treatment services and the participation of local communities in peri-urban or rural
areas are absent or ignored by the national or local governments in low-income countries [1,9,10,24],
including the Mongolia [1,4].

Therefore, for the participation of various stakeholders in the sustainable development plan of
ger areas, this study aims to estimate the willingness to pay (WTP) of residents for improving the
water supply and wastewater treatment services by using the contingent valuation (CV) method.
To the extent of authors’ knowledge, there is no study reported on residents’ WTP for a water supply
and wastewater treatment services in ger areas of Ulaanbaatar. In this study, a field survey on WTP
for water and wastewater services had been conducted in a ger area defined in the development
plan. Much of the literature uses the CV method to examine the WTP for non-market products and
services in various contexts, for example, in carbon tax on air passengers [25], health services [26],
water and wastewater services [27–36], grassland restoration [37], beach management [38], storm surge
protection [39], electricity service [40], marine conservation parks [41], mortality risk reduction [42], toll
road services [43], and urban forestation to mitigate climate change [44]. In all cases, the CV method
allows for the obtaining of the economic valuation of the proposed non-market goods or services, on
the basis of an improvement in the living conditions of the beneficiaries.

This paper is structured as follows. The study area, Damba planning unit, is described in Section 2,
and the field survey, data, and methodology are presented in Section 3. The results and discussions
on their implications are described in Sections 4 and 5, respectively. The conclusions, including the
limitations of this study, are presented in Section 6.

2. Study Area

Ulaanbaatar is the capital and the largest city of Mongolia and serves as the economic and cultural
center of the country (Figure 1). The Ulaanbaatar ger areas are now permanently occupied. While
the housing density of the ger areas is too high for a traditional lifestyle, it is too low for the efficient
provision of basic urban services to low-income households. Small ger areas could rely on the adjacent
developed city core for basic urban services, but now that the ger area population has increased to over
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58% [20] of the total city, the resulting spatial expansion is forcing new settlements many kilometers
away from the developed city core area.
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Figure 1. The study area, Damba planning unit in Ulaanbaatar City, Mongolia.

Ger areas are located around the city core (primarily to the north), and because of their lower
population density, they comprise most of the settled areas of the city. Ger area buildings are rarely
over two stories high. The most distinguishing feature of the ger areas is the 2 m high wooden fences
that enclose all the residential plots and their typically irregular layout. Housing in the ger areas is
predominantly single-family and is a mix of traditional gers and owner-built houses, constructed of
either brick or wood.

The Damba planning unit, one of the ger districts defined by the Urban Development Trend
2030 (Figure 1), was chosen for the study area since it has one decentralized wastewater treatment
plant (100 m3 per day) in the center, supporting a limited number of households because of the
sewage line connection. Therefore, it would be useful to investigate the willingness to pay for
the wastewater treatment improvement from local residents. It is located in the northeast part of
Ulaanbaatar city, and residents in the area all live in ger and owner-built houses. The population of
the Damba unit was approximately 32,100, and the number of households was approximately 8700 in
2010 [45]. In the Damba area, in addition to the decentralized wastewater treatment plant, there are 20
mainline-connected water supply stations, 7 truck water supply stations, and 12 bathhouses.

3. Data and Methodology

3.1. Field Survey

The CV method consists of asking subjects about their WTP for (hypothetical) environmental,
service and policy changes. The dichotomous choice format involves a binary question to a given price
allowing for simplicity of use in data collection. When this elicitation method is used, the respondent
is only required to answer ‘yes’ or ‘no’ when asked if a they are willing to pay a given amount for the
change. The single-bounded model comprises only one such question, while in a double-bounded
model the first question is followed by another, specifying a lower amount, if the answer to the first
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question was negative, and higher if otherwise [46]. The double-bounded model was shown to lead
to more efficient welfare measures because it requests more information from the respondent [47].
However, the double-bounded model has been controversial because of potential inconsistency with
the responses to the first binary question, since it introduces a larger scope for biased results [48].
Moreover, it was shown that there are no relevant differences in point estimates given by the two
models, even for small sample size, so that neither estimator can be said to be less biased than the
other [46]. Therefore, we used the single-bounded model in the following field survey.

To estimate the WTP for improving the water supply and wastewater treatment system, a field
survey was conducted in the Damba planning unit in September 2017. To assess the WTP of residents
for improved domestic water service, a random sampling process was used to select households in the
Damba area to be interviewed. The survey team contacted 300 households by directly visiting individual
households. A total of 298 questionnaires were completed with a response rate of 99%. Among the 298
observations, 14 outliers were excluded from the analyses, and the remaining 284 observations were
kept in the sample together with geographical information of the locations of households.

The questionnaire included five sections: (1) respondent identification, (2) household information,
(3) household water supply and consumption, (4) wastewater sanitation, and (5) WTP for the cost of
construction and for the operation and management (O&M) using payment card format. The payment
card format allows respondents to simply choose a WTP value and is useful as it avoids the starting
point bias [39].

A household’s WTP was elicited through the following two-part questioning framework:

(a) Would you be willing to pay an _____ fee to access a water supply (WS) and wastewater treatment
(WWT) facility? (Yes or No).

(b) If yes, how much would you be willing to pay for the installation (capital cost)? (0 = 0, 1 = less
than 1000, 2 = 1000–1500, 3 = 1500–2000, 4 = higher than 2000 (thousand Mongolian tugrik (MNT);
as of 4 August 2019, the currency rate is $1.00 = 2658.71 (1 USD = 2658.71 MNT)). For reference,
the lowest and highest wages of Mongolians are 60.90 thousand MNT (22.91 USD) and 1120.30
thousand MNT (421.37USD) as of January 2019, according to the National Statistical Office of
Mongolia).

A “No” response to item (a) implied a zero WTP in item (b).
From the 284 responses included in the analysis, 105 (37%) indicated a zero WTP for water supply

and wastewater treatment. Table 1 describes the definitions of variables used in the field survey.
The original questionnaire used in the field survey can be found in the Supplementary Materials.

Table 1. Descriptions of variables used in the field survey.

Variable Description

Agreement of water supply (WS) and wastewater
treatment (WWT) facility improvement (installation)
payment

1 if individual willing to pay, 0 otherwise

Willingness to pay WS and WWT facility installation
(thousand Mongolian tugrik (MNT))

0 = 0, 1 = less than 1000, 2 = 1000–1500, 3 = 1500–2000,
4 = higher than 2000

Agreement of WS and WWT facility operation and
management (monthly) fee 1 if individual willing to pay, 0 otherwise

Willingness to pay WS and WWT facility operation
and management fee (monthly) (thousand MNT)

0 = 0, 1 = less than 3, 2 = 3–6, 3 = 6–9 4 = 9–12,
5 = higher then 12

Education 1 if individual has higher than high school education,
0 otherwise

Family size Number of household member
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Table 1. Cont.

Variable Description

Income level 1 (thousand MNT per Month) 1 if individual family income was less than 300, 0
otherwise

Income level 2 (thousand MNT per Month) 1 if individual family income was between 300 and
700, 0 otherwise

Income level 3 (thousand MNT per Month) 1 if individual family income was between 700 and
1200, 0 otherwise

Income level 4 (thousand MNT per Month) 1 if individual family income was higher than 1200, 0
otherwise

Housing 1 if individual family lives in own built house, 0 lives
in a ger

Time for water access 1 if less than 30 min, 0 if more than 31 min

Water consumption (HH) Water use in a week (liters)

Current monthly payment of water supply (thousand
MNT)

0 = 0, 1 = less than 1, 2 = 1–3, 3 = 3–5, 4 = 5–7,
5 = higher than 7

3.2. Contingent Valuation Method

The WTP is used as a measure of services’ price, on the basis of the assumptions of rational choice
and utility maximization. If a change is proposed for a service and a person believes that the change
makes them better off in some way, a person may be willing to pay for this change, and so the WTP
reflects a person’s economic valuation of the service in question [25].

CV is the most appropriate method for describing and valuing the (hypothetical) environmental
changes that may be incurred through the provision of a wastewater treatment facility. The important
feature that distinguishes CV from other methods (e.g., the travel cost and hedonic pricing methods) is
that CV captures the total economic value of the benefits concerned. This means that the values derived
from CV incorporate both a ‘use’ and a ‘non-use’ component. In the case of a wastewater treatment
facility, the value can be defined as the household WTP for the benefits that they will receive from
the use of a wastewater treatment facility. The benefits could include the reduced exposure to odors,
the pollution of local ditches or streams, and the inconvenience of arranging for bathing and cleaning.
The non-use value relates to an individual’s WTP for the benefits in the absence of any likelihood that
they will personally be a direct beneficiary [49].

WTP for non-market amenities is typically expressed using a Hicksian equivalence or a
compensating surplus measure [50]. Under this approach, the parameters of the inverse Hicksian
demand function are estimated. A Hicksian compensation measure of consumer i’s WTP for an increase
in the level of non-market amenities is given by:

WTPi = f (q, Y, Ti) =
[
ei
(
p0, q0, U0

)
= Y0

]
−

[
ei
(
p0, q1, U0

)
= Y1

]
, (1)

where e(.) is the consumer’s expenditure function, p represents the price, U is the respondent’s utility,
Y is the minimum level of income necessary to maintain utility given the prices and quantities, q0

and q1 represent the quantities of the non-market good q1 > q0, and Ti is a vector of characteristics
influencing the tastes and preferences of consumer i. If Y1 > Y0, then q1 is preferred to q0, and the
consumer would be willing to pay for the additional level of amenities up to the point where utility
was unchanged. If Y1

≤ Y0, the q1 is not preferred to q0, and a non-positive level of compensating
surplus is implied. In this case, a corner solution is implied, and the consumer will report a zero bid in
the survey on their WTP for the additional amenities offered in q1.

Additional flexibility in the interpretation of zero bids in a WTP survey will allow the use/non-use
decision implied by zero bids to be generated by a process separate from that governing the continuous
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WTP revealed by potential users. In terms of the bid function, the parameters of f (.) are permitted
to vary between users and non-users. This procedure allows the variables to exert differentiated
influences on the discrete use/non-use decision and the continuous WTP for the subsample of users.
This distinction is important because constraining the bid function to be generated by the same
processes for both users and non-users may introduce specification biases into the estimation of the bid
function and may thus result in misleading inferences. Allowing such flexibility has intuitive appeal
because non-users may reveal a different set of tastes and preferences for the non-market good through
their zero bids [50].

The data collected for the payment and income level in the field survey were interval centered in
this study. Respondents were asked how much they were willing to pay in MNT and how much their
incomes were, being given several options to choose from. For example, if they chose the option 2
for the installation cost of water supply and wastewater treatment facility in the survey, one cannot
know if they were willing to pay any value between 1000 and 1500 MNT, thus their WTP fell within
the interval 1000–1500 MNT (see Table 1). Given the interval censored data, a Tobit regression model
was employed to model determinants of WTP in this study [51,52].

3.3. Standard Tobit Model

In the standard Tobit model [53], there is a dependent variable y that is left-censored at zero:

y∗i = x′i β+ εi, (2)

yi =

{
0 i f y∗i ≤ 0
y∗i i f y∗i > 0

, (3)

where the subscript i = 1, . . . , N indicates that the observation y∗i is an unobserved (“latent”) variable,
xi is a vector of explanatory variables, β is a vector of unknown parameters, and εi is a disturbance term.

3.4. Censored Regression Model

The censored regression model is a generalization of the standard Tobit model. The dependent
variable can be either left-censored, right-censored, or both left-censored and right-censored, where
the lower and/or upper limit of the dependent variable can be any number:

y∗i = x′i β+ εi, (4)

yi =


a i f y∗i ≤ a
y∗i i f a < y∗i < b
b i f y∗i ≥ b

, (5)

where a is the lower limit, and b is the upper limit of the dependent variable. If a = −∞ or b = ∞,
the dependent variable is not left-censored or not right-censored, respectively.

3.5. Estimation Method

Censored regression models (including the standard Tobit model) are usually estimated by the
maximum likelihood (ML) method. Assuming that the disturbance term ε follows a normal distribution
with a mean of 0 and a variance of σ2, the log-likelihood function is

log L =
N∑

i = 1

Ia
i log Φ

a− x′i β

σ

+ Ib
i log Φ

x′i β− b

σ

+ (
1− Ia

i − Ib
i

)log∅
 yi−x′i β

σ

− log σ

, (6)
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where ∅(.) and Φ(.) denote the probability density function and the cumulative distribution function,
respectively, of the standard normal distribution, and Ia

i and Ib
i denote indicator functions with

Ia
i =

{
1 i f yi = a
0 i f yi > a

, (7)

Ib
i =

{
1 i f yi = b
0 i f yi > b

. (8)

The log-likelihood function of the censored regression model, Equation (5), can be maximized
with respect to the parameter vector (β′, σ′) using standard non-linear optimization algorithms.

In this study, the analysis results of the ordinary least squares (OLS) estimation method were
compared to the Tobit analysis results. It should be noted that there were limitations in the estimates
of the OLS model due to potential sample selection bias and censored data.

3.6. Marginal Effect

The marginal effect indicates the effect of a change in the jth variable on a dependent variable of x.
The marginal effects of an explanatory variable on the expected value of the dependent variable is [53]

MEi =
∂E[y

∣∣∣x]
∂xi

= β j

[
Φ
(

b− x′β
σ

)
−Φ

(
a− x′β
σ

)]
, (9)

where MEi is the marginal effect of the jth explanatory variable, a is the lower limit, and b is the upper
limit of the dependent variable. β is a vector of unknown parameters of the jth explanatory variable,
and Φ(.) is the cumulative distribution function.

4. Results

4.1. Descriptive Survey Results

Figure 2 illustrates the summary of field survey on WTP for water supply and wastewater
treatment in the Damba planning unit. Table 2 shows the current water supply and wastewater
treatment facility types and the number of respondents. In the study area, 98.1% of the respondents
can access an improved water supply but only 23.7% said they were satisfied, 66.4% said it was just
passable, and 8% said they were unsatisfied with the water quality. Eight percent of the respondents
could use improved wastewater treatment and sanitation facilities, while 92% of the respondents could
not use improved wastewater treatment and sanitation facilities.

A number of factors were hypothesized to be relevant to the revealed WTP for improving the
water supply and wastewater treatment conditions. The dummy variable in the bid function was
equal to 1 if the residents’ education was greater than high school and otherwise was equal to 0.
Additionally, if the residents lived in their own built house, then the dummy variable was equal to 1;
otherwise, it became 0. The expected effect of water access time and housing on WTP is uncertain.
Residents living in their own built house were hypothesized to have more opportunities to improve
their water conditions; thus, they were expected to have a greater WTP for the improved water supply
and wastewater treatment. Four categorical income variables were defined to represent monthly
income levels. WTP was expected to increase as income increased and water consumption increased.
The expected effect of the current monthly payment and education on water supply (thousand MNT)
was unclear.
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Table 2. Survey results on water supply and wastewater treatment facility.

Facility Improved Unimproved

Drinking water

Hand well 11 River and spring 8
Water supply station 250
Borehole with pump 13
Pipeline connected 3

Sanitation
Pit latrine with concrete stab 14 Pit latrine 260

Flash to septic tank 10 Nothing 0

A summary of the statistics for the entire sample and for the censored and uncensored sub-samples
are presented in Table 3. The mean WTP for the water supply and the improved wastewater treatment
facility installation for the entire sample was less than 1000 (thousand MNT). In the subsample (62.8%)
that answered “yes” on question F1 (“If there is a chance to improve the water supply and the
wastewater (sanitation) conditions, how much would you pay for it?”), the WTP for the installation of
the water supply and wastewater treatment facility was 1500 (thousand MNT).

The mean WTP for the O&M of the water supply and wastewater treatment improvement facility
from the entire sample was less than 3 (thousand MNT). In the subsample (66.3%) that answered “yes”
on question F7 (“If answer F-1 is yes, what would you pay for water, wastewater, and sanitation fees
for monthly (O&M)?”), the WTP for O&M was 6 (thousand MNT).

A greater proportion of the respondents that indicated a zero bid on both the installation and the
O&M WTP were from lower income categories (income levels 1 and 2).

In the subsample indicating a positive WTP for the installation of the water supply and wastewater
treatment facility, 62% of the respondents had an education level greater than high school, 9% were
at income level 1, 41% were at income level 2, 8% were at income level 3, 3% were at income level
4, 71% lived in a detached house, 87% could access water within 30 min, and 88% were willing to
pay for O&M. In addition, in terms of WTP for the installation, 139 respondents (73.5%) from the
subsample answered option 1 (less than 1000 thousand MNT), 40 (21.2%) chose option 2 (between 1000
and 1500 thousand MNT), 7 (3.7%) chose option 3 (between 1500 and 2000 thousand MNT), and 3
(1.6%) answered option 4 (more than 2000 thousand MNT).

In the subsample indicating a positive WTP for the O&M of the water supply and wastewater
treatment improvement, 65% of the respondents had an education level greater than high school, 12%
were at income level 1, 37% were at income level 2, 8% were at income level 3, 3% were at income level
4, 68% lived in a detached house, 85% could access water within 30 min, and 84% were willing to pay
for the facility installation. In addition, in terms of WTP for O&M, 74 respondents (30.1%) from the
subsample answered option 1 (less than 1000 MNT), 75 (31.1%) chose option 2 (between 3000 and 6000
MNT), 41 (17.0%) chose option 3 (between 6000 and 9000 MNT), 20 (8.3%) answered option 4 (between
6000 and 9000 MNT), and 31 (13.5%) answered option 5 (more than 12,000 MNT).

People who had an education level greater than high school were willing to pay more. The effect
of water access time was that those who could not access water within 30 min had a lower WTP. People
who lived in their own built house were willing to pay more.
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Table 3. Statistics of variables relevant to WTP for water supply and wastewater treatment.

Item
Total Sample WTP for Installation WTP for Operation and

Management (O&M)

Yes No Yes No

Mean SD min max No.
Respondents Mean SD Mean SD Mean SD Mean SD

Agreement of WS and WWT facility improvement
(installation) payment 0.639 0.481 0 1 280 - - - - 0.840 0.367 0.208 0.408

Willingness to pay WS and WWT facility installation
(thousand MNT) 0.827 0.785 0 4 249 1.206 0.663 - - 1.044 0.766 0.258 0.510

Agreement of WS and WWT facility operation and
management (monthly) fee 0.708 0.456 0 1 255 0.908 0.290 0.330 0.473 - - - -

Willingness to pay WS and WWT facility operation and
management fee (monthly) (thousand MNT) 1.708 1.546 0 5 241 2.260 1.432 0.728 1.241 2.437 1.286 - -

Education 0.599 0.491 1 6 279 0.634 0.483 0.525 0.502 0.661 0.475 0.434 0.499

Family size 3.489 1.586 1 9 282 3.598 1.691 3.343 1.379 3.587 1.617 3.224 1.457

Income level 1 (thousand MNT per month) 0.151 0.359 0 1 43 0.089 0.286 0.257 0.439 0.116 0.322 0.231 0.424

Income level 2 (thousand MNT per month) 0.372 0.484 0 1 167 0.408 0.493 0.307 0.464 0.365 0.483 0.372 0.486

Income level 3 (thousand MNT per month) 0.067 0.250 0 1 64 0.084 0.278 0.040 0.196 0.079 0.271 0.038 0.194

Income level 4 (thousand MNT per month) 0.021 0.144 0 1 6 0.034 0.180 0 0 0.026 0.161 0.013 0.113

Housing 0.668 0.472 1 6 219 0.713 0.453 0.590 0.494 0.690 0.464 0.590 0.495

Time for water access 0.853 0.355 1 4 278 0.886 0.319 0.810 0.394 0.866 0.342 0.813 0.392

Water consumption (HH) 298 276 20 2000 264 301 283 290 262 306 297 281 231

Current monthly payment of water supply (thousand
MNT) 1.919 1.215 0 5 269 2.096 1.173 1.554 1.189 1.978 1.156 1.795 1.354
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4.2. Modeling Results

To determine which factors affected individual’s WTP for water supply and wastewater treatment
and by how much, the results relied on the OLS and Tobit analysis. With respect to the WTP for
the installation, the OLS and Tobit analysis results are presented in Table 4. The significance of the
individual variables in the WTP for the installation was very similar between the OLS and Tobit models’
estimations. The results indicated that the housing, household income, education, and current monthly
payment for water supply had significant impacts on WTP for installation in order of importance
based on the OLS result, whereas the housing, current monthly payment, education, and household
income were significant in that order of importance from the Tobit analysis. On the basis of both results,
the household income (in level 1) depicted a negative influence on WTP for installation.

Table 4. Result of WTP for installation of water supply and wastewater treatment system from ordinary
least squares (OLS) and the Tobit model.

Item
WTP for Installation

OLS Tobit

Coefficient Coefficient Marginal Effect

Intercept −0.132 −0.963
Education 0.119 * 0.193 * 0.138

Family size 0.050 0.075 0.053
Income level 1 (thousand MNT per month) −0.362 * −0.610 * −0.435
Income level 2 (thousand MNT per month) −0.077 −0.057 −0.041
Income level 3 (thousand MNT per month) 0.045 0.002 0.001
Income level 4 (thousand MNT per month) 0.379 0.443 0.316

Housing 0.340 ** 0.461 ** 0.329
Time for water access −0.057 −0.116 −0.082

Water consumption (HH) −0.001 −0.001 −0.0001
Current monthly payment of water supply

(thousand MNT) 0.101 * 0.194 ** 0.139

log sigma 0.348
log-likelihood −250.003 −279.516

Multiple R-squared 0.155
p-value 0.0001

Notes: significant codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1.

With respect to the WTP for the O&M, the OLS, and Tobit analysis results are presented in Table 5.
The significances of the individual variables in the WTP for the O&M from the OLS result were the
household income level 1, level 2, level 3, housing, and time for water access in that order, with 0.1%,
5%, 5%, 10%, and 10%, respectively. On the other hand, from the Tobit analysis result, the family size
indicated the most significant impact with 0.1%, followed by the household income level 1, level 2,
housing, time for water access, and education, with 5%, 5%, 10%, 10%, and 10%, respectively. In the
OLS result, all significant factors except for housing had negative impacts on the WTP for O&M, while
in the Tobit result, family size and housing exhibited positive influences on the WTP for O&M.
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Table 5. Result of WTP for operation and management of water supply and wastewater treatment
systems from ordinary least squares (OLS) and the Tobit model.

Item
WTP for Operation and Management (O&M)

OLS Tobit

Coefficient Coefficient Marginal Effect

Intercept 0.548 −0.379
Education 0.118 0.225 0.177

Family size 0.288 0.347 *** 0.273
Income level 1 (thousand MNT per month) −0.709 *** −0.934 * −0.735
Income level 2 (thousand MNT per month) −0.520 * −0.599 * −0.471
Income level 3 (thousand MNT per month) −0.039 * −0.037 −0.029
Income level 4 (thousand MNT per month) −0.248 −0.329 −0.259

Housing 0.382 . 0.469 0.369
Time for water access −0.216 . −0.285 −0.224

Water consumption (HH) −0.001 −0.001 −0.001
Current monthly payment of water supply

(thousand MNT) 0.099 0.116 0.092

Log-sigma 0.577 ***
Log-likelihood −394.304 −387.396

Multiple R-squared 0.191
p-value 0.000

Notes: significant codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1.

The additional information on the goodness of fit statistics and the evaluation of the model fit can
be found in Appendix A.

5. Discussion

In this study, the determinant of the WTP for installation and O&M were analyzed using the
OLS and Tobit models. In the OLS model result, there may have been some issues due to potential
sample selection bias and censored data. However, by comparing the results between the OLS and
Tobit models, the consistency of parameter estimates can be determined in the WTP for installation
and O&M.

First, in both results of the WTP for installation from the OLS and Tobit models, the parameter
estimates were very consistent in that housing was the most significant factor, followed by household
income, education, and current monthly payment for water supply. In each case of the WTP for
installation, people who lived in their own detached houses were more willing to pay for the installation
of water supply and wastewater treatment facilities and services. The detached houses in ger areas
were more permanent settlement types than the round tents. Thus, it can be concluded that people
who settled longer in a permanent housing type showed more WTP for installation. Furthermore,
people who were educated (greater than high school) and who paid more currently for water showed
more positive significance with a high WTP. Income level 1 was negatively significant, indicating that
low-income people had a lower WTP.

Second, in both results of the WTP for O&M, people who had a low income (income levels 1 and 2)
were less willing to pay for O&M. In the Tobit model result, family size was the most important factor
for the WTP with a 0.1% level, while it was not a significant factor in the OLS result. Families with
larger numbers of members were more willing to pay for O&M. In both results, people who accessed
water within 30 min were more willing to pay and people who were educated greater than high school
showed more WTP for O&M. It is interesting that the housing type was not that much of a significant
factor in the WTP for O&M as it was the most important factor in the WTP for installation of water
supply and wastewater treatment. People who lived in a detached house were negatively significant.
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With respects to the WTP for water and wastewater services in Canberra, Australia, the WTP
depended on the interruption time of water service and overflow time of wastewater. Moreover,
the respondents valued those that traditionally receive less attention by water utilities, such as customer
call [27]. In a survey of 21 shrinking U.S. cities, the temporal dynamic of WTP for water and wastewater
service was investigated and the result indicated that the influencing geographic and socioeconomic
factors (e.g., age, income) were changing as well. Therefore, it highlighted that public perceptions
should be periodically investigated to continually identify times of greater public support and needs for
water and wastewater service [28]. For the drinking water service in Parral, Mexico, at the time of 2009,
the WTP for safe drinking water service was 1.8 to 7.55% of reported household income [30]. In the
case of Puno, Peru, the WTP for improvements in the wastewater treatment system was investigated
by household field survey, and the result indicated that the mean WTP of $1.46 USD estimated was
affected by socioeconomic variables such as household budget, educational level, and geographic
location of the household [32]. These results, particularly those of Mexico and Peru, indicate that the
affecting socioeconomic factors on WTP, such as household income, education level, and location, are
similar with this Mongolian case, as the people living in their own detached house were more willing
to pay.

In the individual’s WTP in the CV method survey, there are several concerns related to bias,
and these potential biases associated with the CV method are stated in Lantz et al. [54], including protest
votes and ‘yea-sayers’. Respondents may strategically state a WTP rather than stating how much they
would (and could) actually pay [39]. In recent literature, it is indicated that the WTP estimated in
CV method studies can be as much as two to three times actual WTP in markets, and methodology
to reduce the hypothetical bias is introduced [55–58]. However, additional questions to the WTP
questions to identify the protest votes or yea-sayers were not implemented in the field survey of this
study. Therefore, the actual amount of payment that the respondents can pay for the water supply and
wastewater treatment could be much lower than the answers to the questions.

The questionnaire used in the survey did not include any variables related to nomadic culture.
Thus, it would be important to investigate how the nomadic culture influences the WTP for water
supply and wastewater treatment in a future study.

6. Conclusions

This study aimed to estimate the WTP of ger residents for the installation and O&M costs of
improved water supply and wastewater treatment services in Ulaanbaatar city, on the basis of a field
survey in Damba planning unit using the CV method.

The Tobit model result of the field survey indicated that the important factors affecting the WTP
for installation were the housing type, current monthly payment for water supply, income level,
and education, in order of significance. People living in their own detached house and who were
educated greater than high school were shown to be more willing to pay for the installation of water
supply and wastewater treatment facilities. Those who were paying higher for their monthly water
supply were more willing to pay for the installation cost.

In terms of the WTP for O&M cost, WTP was associated with the family size, income level,
housing, time for water access, and education, in order of significance from the Tobit model. Families
with a larger number of members were more willing to pay, and low-income people were less willing
to pay for O&M. Education showed a positive influence on the WTP for O&M. Water access time also
affected the WTP of those who could not access water within 30 min, as they indicated low WTP values.

The average total WTP for the water supply and wastewater treatment facility installation was
less than 1000 thousand MNT, and the average total WTP for the O&M was less than 3000 MNT.

In comparison of the WTP for water and wastewater service in other countries, it was found that
more information on the service and related plan given to people plays a positive role in the WTP,
and that socioeconomic factors are very important in WTP. As indicated in the temporal dynamic of
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WTP in the U.S. case study [28], it is necessary to continuously investigate the WTP of ger areas and
the effects of nomadic culture in water and wastewater services.

In this study, the potential bias in the survey result due to protest votes or yea-sayers was not
eliminated. Thus, the actual amount of payment for water supply and wastewater treatment services
could be less than the answers from the respondents. Also, the nomadic cultural influence on the WTP
was not dealt with in this survey. Therefore, these limitations should be improved in future studies.

We hope that this study of the WTP for the water supply and wastewater treatment based on
field survey results can encourage public participation in the urban decision-making process and
assist various planners and authorities in formulating a suitable plan for the ger area development in
Ulaanbaatar city, Mongolia.

Supplementary Materials: The questionnaire items used in the field survey in the Damba planning unit is provided
as a supplementary material. The following are available online at http://www.mdpi.com/2073-4441/11/9/1856/s1,
Table S1: Questionnaire items in Mongolian and English used in the field survey.
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Appendix A

The goodness of fit statistics and the evaluation of the model fit are as follows.
In the OLS model result: multiple R-squared = 0.103, adjusted R-squared = 0.062, f-statistic = 2.504

on 10 and 218 DF, and p-value = 0.007255 for the WTP for installation. For the WTP for O&M in the
OLS remodel result: multiple R-squared = 0.17, adjusted R-squared = 0.13, f-statistic = 4.183 on 10 and
205 DF, and p-value = 2.763 × 10−5.

The summary of censoring in the Tobit model was that 2 were left-censored, 214 were uncensored,
and 0 were right-censored in 216 samples in WTP for O&M. In the case of WTP for installation, 57
were left-censored, 172 were uncensored, and 0 were right-censored in 229 samples. Table A1 depicts
the fitness statistics of the model results.

Table A1. The fitness statistics, Akaike information criteria (AIC) and Bayesian information criteria
(BIC), of the models.

Tobit Model OLS

WTP Installation WTP Installation
Log-Lik = −291.495
AIC = 606.990 (df = 12) AIC = 545.870
BIC = 648.195 BIC = 587.074

WTP O&M WTP O&M
Log-Lik = −343.060
AIC = 710.119 (df = 12) AIC = 707.603
BIC = 750.622 BIC = 748.106

The following Figure A1 shows histograms illustrating the censoring in the data.

http://www.mdpi.com/2073-4441/11/9/1856/s1
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