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Abstract The water quality in Ko Chang Marine National Park coast has been problematic for
many years. Recently, a conservation plan has been made by the local government for protecting the
ocean beaches by constructing a sewage treatment plant in the region. This study uses the contingent
valuation method (CVM) to measure the benefits associated with the proposal of the wastewater
treatment plant (WWTP), followed by conducting cost-benefit analysis (CBA) in order to justify the
feasibility of the public fund appropriation by the government fiscal policy, such as taxes. A
completed questionnaire survey of 300 randomly clustered households was analyzed. Household
willingness to pay (WTP) was estimated using Tobit models. The results indicate that the mean
WTP for the proposed wastewater treatment project is $73.36 per household per year, translating
into an aggregate monetary benefit of $298,774 per year for the local community. Additionally, the
CBA result shows that the net present value (NPV) of the project attains $465,162.48 per year,
internal rate of return (IRR) reaches 9.14 %, and benefit-cost ratio (B/C) ends up with 2.21 with all
those intangible benefits excluded from the calculation. Therefore, the proposed wastewater treatment plant project is economically profitable.
Keywords Willingness to pay . Contingent valuation . Cost-benefit analysis . Tobit model .
Wastewater treatment plant

1 Introduction
Thailand possesses a total coastline of about 2,600 km. Due to its unique geographical
characteristics, the coastline represents an important attraction and contributes significantly
to the overall tourism revenue for the nation. Specifically, the Ko Chang Marine National Park
(KCMNP) represents a typical beach park in Thailand where there are abundant tourism
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resources, including high quality beaches, corals, offshore islands and natural scenery; all these
ultimately become major resources for mass tourism development.
Nevertheless, the long stretches of Ko Chang coastline are threatened by bacterial
contamination from the surrounding island community, mainly due to its rapid economic development, accompanied by a great number of migrants who settled down in
the vicinity of the coastal area. The high density of population in tourism areas and
the inadequate infrastructure pose a serious threat to the coastal park environment, and
the coastal ecological system as well. One threat comes from wastewater discharge,
directly resulting from household uses. Historically, this problem of sewerage discharge was not considered as a big issue, owing to its relatively small magnitude, but,
in recent years, as a result of the rise of the population and the number of tourists,
ocean water pollution has turned out to be a serious hazard noticed by the local
government and tourists. Policy makers have expressed significant interest in policy
relevant non-market valuation and the use of market-based instruments to ensure
efficient use and conservation (Molinos et al. 2010).
While the environmental resource valuation could link human welfare and natural systems
to ensure ecologically sustainable development (Howarth and Farber 2002; Chen and Jim
2008), one of the key pieces of information in the process is to obtain the economic value
accrued to each type of natural resource and its related recreational activity. As this information
is acquired, a maximum economic efficiency could be achieved by using the principle of
marginal cost being equal to marginal benefits (Ahmed and Gotoh 2006). One commonly used
method to disclose a non-market resource value is the contingent valuation approach, according to which individuals are asked to state their willingness to pay (WTP) for non-market
benefits, or their willingness to accept (WTA) compensation for non-market costs (Mitchell
and Carson 1989). Another economic analysis, which compares the monetary costs and the
benefits of a public project, is the cost–benefit analysis, which provides the economic
feasibility associated with the implantation of a proposed policy action (Prest and Turvey
1965; Price 2000). In determining whether a public investment is socially profitable, a decision
criteria of CBA is typically performed using three financial indicators: the net present Value
(NPV), the internal rate of return (IRR) and the benefit-cost ratio (B/C).
In order to achieve environmentally sound management, a survey of local residents in the
Ko Chang was administrated, which involves local residents’ public preferences and willingness to pay for nature conservation, as a means to assess public acceptances into the economic
value that they attach to a public good or service (Pavlikakis and Tsihrintzis 2003). In this
paper, using the concept of the joint CVM and CBA analysis, a quantification of the
environmental benefits derived from the coastal water depollution program is made
to support economic decisions. The novelty of this study aims to assess a
community’s preference for the proposed wastewater treatment project (WWTP) in
the KCMNP with three objectives: (i) to evaluate the non-market value accorded by
household willingness to pay for coastal water quality improvements through the
WWTP; (ii) to obtain the economic feasibility of the operation and maintenance of
the WWTP; (iii) to suggest new research directions in order to justify public investments related to non-market resources in the other marine parks.
The paper is organized in six sections. Section 2 gives a brief review of literature associated
with economic valuation methods used in quantifying the environmental benefits of the
WWTP. Section 3 presents the background of the studied location, and then Section 4
discusses the research methodology and data collection for the analysis. Section 5 explores
the public’s willingness to pay in relation to the feasibility study of the municipal treatment
plant, followed by a final section of the conclusion.
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2 Literature Review
In this environmental valuation study, we use the contingent valuation which is a stated
preference method to derive empirically robust estimates of the household WTP for water
depollution in the coastal areas. More specifically, the value of the WWTP reflects the
households’ WTP to reduce the frequency and severity of future discharge of wastewater into
ocean water.
The validity of contingent valuation has been a much debated issue in the economic
literature (Bengochea et al. 2005; Hausman 2012), that is because CVM relies on hypothetical
WTP which could not be founded upon actual behaviors. Therefore, hypothetical CVM data
can result in economic values that are biased upwards, affecting the validity and credibility of
stated preference estimates (Ajzen et al. 2004; Collins and Vossler 2009; Poe and Vossler
2011). To date, economists make efforts to eliminate hypothetical bias in eliciting accurate
economic values through a well-designed questionnaire (Pavlikakis and Tsihrintzis 2006), that
such bias and inconsistency has been successfully minimized. As a result, despite the
limitations of the CVM, today a considerable body of evidence supports the view that
contingent valuation done appropriately can provide valid and reliable responses for valuing
well-defined public goods (Carson 2012).
Since we are proposing the contingent valuation questions to improve the quality of coastal
water resources to be delivered to island communities, the maintenance of water bodies in the
coastal area requires public funds that could be compared with the aggregate WWTP valuation. The CBA provides a systematic process to justify the economic feasibility by bringing
elements of transparency and objective water resource management (Prihandrijanti et al.
2008). By using the CBA approach, a lot of the controversy surrounding environmental
valuation has been the subject of debate, due to the overly restrictive valuations (Brouwer
2000). The valuation method underlying CBA is considered too narrow and simple to properly
measure the environmental values that people depend on natural resources. To minimize the
controversial issues in the model, economists attempt to combine a WTP approach with a CBA
as the estimations of the social preferences (Báez and Herrero 2012; Verlicchi et al. 2012).
Many previous publications have addressed the non-market benefits of improvements in
water resource quality. In most applications, environmental externalities related to discharge of
wastewater have been quantified using the CVM (Bergstrom et al. 2000; Bateman et al. 2006;
Birol et al. 2006; Del Saz et al. 2009; Molinos et al. 2010). There are a few studies that
employed a valuation scenario that frames marine water falling into passive uses. For example,
Bockstael et al. (1989) addressed the CVM questions to measure the human values from the
Chesapeake Bay. A questionnaire was designed to elicit individuals’ attitudes and their
maximum willingness to pay for the changes in water quality. They also studied the benefits
associated with a reduction in nutrients in coastal waters. According to their study results, the
value for a moderate water quality improvement in term of the aggregate WTP ranged from
$10 to $100 million in 1984 dollars. However, there are different methodologies for the
economic valuation of environmental externalities related to wastewater issues. This is consistent with results obtained by a study of Godfrey et al. (2009). They applied a CBA to
estimate a greywater reuse system in India. Hedonic prices and CVM were conducted to
determine monetary values of external benefits and costs pertaining to environmental and
health benefits. Likewise, Seguí et al. (2009) investigated the environmental benefits arising
from wastewater reuse in the context of a wetland restoration project in the Natural Wildlife
Park of Aiguamolls de l’Emporda, northeastern Spain. Based on the travel cost method, they
found that the price of the reclaimed water in the park ranged between 0.75/m3 (without
opportunity cost) and 1.20/m3 (with opportunity cost). In addition, Verlicchi et al. (2012)
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carried out a technical and economic feasibility study for a reuse project of reclaimed water in
the Po Valley of northern Italy. The CVM application was used to assess public acceptance for
estimating WTP values of a perceived benefit. The results indicated that each family was
willing to contribute financially in a one-off payment of €54, resulting in aggregate benefits of
€3,484,728. Furthermore, the CBA indicators were calculated and compared the costs and
benefits associated with the project, yielding the following results: the NPV amounted to
€40,001, the IRR was exactly 5 % and the B/C ratio equaled 1.007. These financial indicators
evidenced that the project was economically acceptable.

3 Study Location
The KCMNP has historically been an important attraction for both domestic and oversea visitors.
It is geographically situated at 11°56′–12°16′N and 102°25′–102°61′E in the Trat Province of
eastern Thailand, covering an area of 650 km2 of which 458 km2 consists of surface water. Ko
Chang’s coast comprises a long shoreline with white sand beaches. As such, the beaches cover
numerous coves and clear coastal water support a plentiful nautical life (Mu Ko Chang National
Park 2013) (Fig. 1). According to the 2011 census, the KCMNP has a population of 107,033

Fig. 1 Map of the KCNMP (Source: Tourism Authority of Thailand 2013)
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people, who live in nine villages; the population density of this island is 33.53 people/km2
(Thailand National Statistical Office 2013). Ko Chang was designated as a Marine National Park
in 1982 by the Thailand government. It was assigned to be an area having special or unique
tourism features, and was identified as a new tourism destination in 2002. Furthermore, the
government has established the Development Area for Sustainable Tourism Authority (DASTA)
to carry out tourism projects at the KCMNP. The integrated management framework will be
applied in the Ko Chang, which is in the scope of encouraging tourism promotion along with
improving local infrastructure and conserving natural resources.
Tourism in Ko Chang showed rapid growth over the last decade (Fig. 2). In 2012, the
coastal tourism development brought about 900,000 visitors and generated some $255 million
(Thailand Department of Tourism, 2013). However, tourism development in tropical coastal
areas frequently results in significant environmental degradation over the years, as a result of a
rapid increase in tourism demand and inadequate input to the park management. Most beaches
in the KCMNP have been facing a series of threats coming from over-capacity uses and
multiple sources of pollution, including but not limited to human wastes, sewerage, drainage,
coastal erosion, and encroachment (Department of Mineral Resources 2013), especially to the
ocean reefs. The quality of coral reefs in the KCMNP has been deteriorated at an unprecedented rate (United Nations Environment Programme 2007).
The KCMNP covers the most popular beach area, which was selected for the study, namely,
Haad Sai Khao (White Sand Beach). At present, it can be accessed by visitors free of charge.
This beach park itself turns out to be a main tourist destination as far as the number of tourist
arrivals and overnight stays are concerned. In recent years, an insufficient budgeting has
jeopardized water pollution control policies in the coastal zone. Moreover, law enforcement
that would restrict pollution from household consumption and tourism operations is weakly
regulated due to lack of capacity. As a tourism development result, the large increase in the
number of tourists during the summer months (November–April) results usually in an increase
in the amount of wastewater produced. There are currently no wastewater collection and
treatment facilities in this area, except for on-site systems. Sewage and wastewater directly
overflow from household and community discharges into the ocean via underground piping
900,000
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Fig. 2 Number of visitors to the KCMNP (Source: Thailand Department of Tourism 2013)
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along the coastline. If the necessary wastewater facilities for handling these wastes are not
constructed, the ocean water will be polluted, causing serious hazard problems (Günay 1989).

4 Methodology
4.1 Tobit Model
The Tobit model is most often applied to value censored regression models and is usually estimated
by the maximum likelihood estimation (Greene 2000). In this study, a discrete choice followed by
open-ended question was used to elicit the declared WTP of respondents including zero. The Tobit
command was used to analyze the characteristics of households that state the probability of WTP
and the maximum WTP of the respondents for the proposed WWTP (Cho et al. 2005). Following
Greene (2000) and Wooldridge (2002), the Tobit model can be expressed as:
WT Pi ¼ X i β þ εi X i β þ εi > 0
WT Pi ¼ 0 X i β þ εi ≤0

ð1Þ

where WTP indicates a vector of willingness to pay which is censored at zero; Xi, εi and β denote a
vector of explanatory variables, a random disturbance term, and a parameter vector common to all
households, respectively. Assuming that εi is independent and normally distributed with mean zero
and common variance sigma square (Yoo et al. 2001), the expected WTP values E(WTP) for an
observation can be written as:
 


Xβ
Xβ
Xβ þ σφ −
ð2Þ
E ðWTPÞ ¼ Φ
σ
σ
where X is a matrix of socioeconomic variables that are simply hypothesized to influence WTP; β
reflects the vector of unknown parameters to be investigated with respect to the matrices of
explanatory variables X (Amemiya 1973); Φ, φ and σ indicate the normal distribution function,
the normal density function, and the standard deviation, respectively. Then, the maximum WTP can
be expressed as:
E ðWTPÞ ¼ φðXβ=σÞE ðWTPÞ

ð3Þ

where E(WTP*) is a value of the expected WTP for above zero (it should be noted that a value of the
expected WTP is observed when it is greater than zero). Given that the Tobit estimation is a censored
linear model, the marginal effects of changes in the explanatory variables are nonlinear, and thus, not
equal to βi (Johnston and Dindaro 1997). According to McDonald and Moffitt (1980), the marginal
effects of a change in the explanatory variables (ith) of X on the probability of WTP is:



∂E ðWTPÞ=∂X i ¼ Φ Xβ=σ ∂E ðWTPÞ=∂X i þ E ðWTPÞð∂ΦðXβ=σÞ=∂X i Þ

ð4Þ

4.2 Cost Benefit Analysis
All assessed public services in the marine park require large investment costs. The public funds
need to compare the financial-economic feasibility of public infrastructure projects, such as the
WWTP with varying investment outlays and maintenance costs (Penning et al. 2005). By
using a CBA approach, we were thus able to calculate a monetary value of the WWTP in
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different scenarios in order to justify the feasibility of the public fund whether the project is
financially feasible. We also applied the net present value (NPV) and internal rate of return
(IRR) for each feasible scheme to be weighed up, and compared the benefits (Bt) and costs (Ct)
based on the establishment of the WWTP project and that occurring in each period t over the
expected lifespan of the project T (Roebeling et al. 2011).
According to Zerbe and Dively (1994), once the cost-benefit analysis was performed to assess
the economic feasibility, the formulas for calculating the NPV, IRR and B/C ratio are given by:
Net Present ValueðNPV Þ ¼

Internal rate of returnðIRRÞ ¼

T
X
t¼0

T
X
Bt −C t
t
t¼0 ð1 þ iÞ

X
Bt
Ct
t ¼
t
ð1 þ rÞ
t¼0 ð1 þ rÞ
T

T
X

Benefit cost ratioðB=C ratioÞ ¼

ð5Þ

t¼0

Bt
ð1 þ iÞt

t¼0

Ct
ð1 þ iÞt

T
X

ð6Þ

ð7Þ

where r is the time discount rate. The NPV of a project is defined as the discounted sum of
differences between benefits and costs; the NVP-rule states that the project is economically
profitable in case NPV is greater than zero (NPV >0). The IRR is defined as the discount rate
that equates the present value of the benefits and the costs of the project over the lifetime (note
that the NPV = 0 at the IRR). The viability of the project is demonstrated, if an IRR value is
greater than r. A project with a benefit to cost ratio is economically justified when the B/C ratio
is greater than one. Generally, the higher the B/C ratio is, the more efficient is the use of
available resources (Stewart and Possingham 2005).
4.3 Data Collection
Data were obtained from 324 surveys administered on-site to households at the Ko Chang during
April to May 2013. A clustered sampling procedure was adopted. Nine residential sites were
selected randomly along the shorelines at the KCMNP. At each site, 35–40 households were
randomly selected for the survey via household address notation. In order to obtain a representative
sample, a household head or a family member (aged 20 or above), who was the decision-making
person, was invited for a face to face interview in their homes (Chen and Jim 2008). This method is
strongly recommended by Mitchell and Carson (1995), because it could ensure the accuracy of
value estimates (Forster 1989). The declared WTP of the respondent was, therefore, explained as
pertaining to their entire households (Verlicchi et al. 2012). Four interviewers trained by interview
specialists were involved, three of them college degree holders, and one researcher participated in
the full CV survey. For this purpose, a two-day training was held to ensure that the interviewers
could operate live interviews and fill in the survey form correctly.
Before the interview, the respondents were clearly explained the survey’s purposes, content
and each specific question. In case that the respondents misunderstood some questions, the
interviewees provided clarification at the scene. Interviewers were instructed to interview only
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one person at a time in order to ensure the full completion of the survey form. The surveys
were administered at least once for each day of the week and at least once for each of three
time periods each day (9:00 to 11:00 a.m., 11:30 a.m. to 2:00 p.m., 4:00 to 6:30 p.m.). Each
questionnaire took about 30 min. Once the respondents agreed to be interviewed, a small token
of appreciation was presented.
4.4 Survey Instrument
In this context, a questionnaire was designed following a focus group discussion, park
manager’s comments and previous studies in the CVM field (Bateman et al. 1993; Nunes
Paulo 2002; Huhtala 2004), which consisted of three main parts. The first section dealt with
household perception of the present status of beach and coastal waters, attitude towards coastal
water quality and reliability, household sewage system and sanitation practices, opinions about
public services and sanitation facilities.
The second section consisted of the contingent valuation questions. Before implementing
the survey, a pre-test CV question was carried out in February 2013 in order to make
modification to the designed questionnaire, to detect sources of bias and to verify the
appropriate bidding values based on the data obtained from an open-ended question. Thirty
households from two villages (Klong Son and Klong Prao) were recruited in the pilot test, each
of the respondents was given the details on the purpose of sewage treatment construction on
the island, the available facilities and the format used in contingent valuation techniques. A
dichotomous choice format (close-ended) with an open-ended follow up question was used to
elicit the WTP amount by asking respondents to state the maximum amount they would be
willing to pay wastewater tariffs for improved beach water quality. Based on the pre-test, the
question sequence was restructured, the wording of the questionnaire was refined to properly
improve clarity between the respondents and the interviewers, the payment vehicle was chosen
to be monthly tariffs, this is due to the fact that local population in the KCMNP are familiar
with tax levies; and the starting bid value was also achieved. Mitchell and Carson (1989)
suggested that questions related to socioeconomic characteristics should be placed at the end of
the questionnaire. In the final part, demographic information about the households including
gender, age, education level, family size, occupation, household monthly income as well as
types of residences were collected.
In practice, respondents were presented a CVM hypothetical scenario and a dichotomous
choice with open-ended follow up questions. Green et al. (1998) suggested that a dichotomous
yes or no and open-ended elicitation question is useful to provide further explanation and offer
individuals’ real WTP than an alternative double referendum elicitation. Additionally, it is
particularly helpful in overcoming the problems of high non-response rate and the unfamiliarity from hypothetical survey.
The hypothetical market scenario was designed to show the before project (current coastal
water condition and sewage/wastewater) and after the project situations (improved coastal
water quality and proposed wastewater solution); the hypothetical scenario was used to
familiarize the households. The full CV survey questionnaire is presented in the Appendix.
4.5 Costs of the Wastewater Treatment Plant for the KCMNP
In the master plan for the year of 2014–2015, a pilot wastewater treatment plant has been
approved to construct along with the 8 km long shoreline fronting White Sand Beach. The
centralized treatment process (off-site management) typically includes: (i) a centralized collection system that collects sewage from residences and commercial uses through sewer lines;
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(ii) the transport of sewage to a municipal treatment plant at an off-site location; and (iii) the
reuse or disposal of the treated effluent (Crites and Tchobanoglous 1998; Wilderer and Schreff
2000; Tokich and Kliot 2008). After the completion of the WWTP, ocean water samples from
wastewater effluent disposal into the sea will be monthly collected for testing bacterial
contamination, with the aim to meet in all water bodies water quality standards for fishing
and swimming under the National Environmental Quality Act (NEQA) B.E. 2535 (1992). The
centralized sewerage system will provide improved sewerage services to 1.5 million visitors
and 25,000 inhabitants over the next 20 years, and treat up to 1.3 million m3 per year.
The quantification of the costs involved in the construction of the WWTP is straightforward
because these costs are strictly directed by the operating companies. Table 1 lists the total
estimated costs of the WWTP from year 2014 to 2035. The total costs can be divided into the
following elements: (i) equipment costs typically include land acquisition, the construction
cost of the treatment unit and some ancillary technologies in relation to wastewater treatment;
(ii) project costs and civil work consist of installation, piping, instrumentation and controls,
pumps, engineering studies, mechanical-chemical treatment and annual operation and management costs (O&M costs); and (iii) total indirect costs comprise engineering, delivery, and
contingency. The construction of the plant received $2.7 million from the Regional Development and Social Protection Grant, financed by the DASTA (personal interview with Mr.
Thatchai Wachararak, the Chief of Administration DASTA, on April 30, 2013).
4.6 Data Description
Descriptive statistics for those variables in the regression analysis are shown in Table 2. In a
total of 324 interviews, 24 of respondents were unwilling to disclose demographic information,
therefore, the full completion of 300 survey forms was analyzed. In summary, about 56 % of
the respondents are female and the remaining 44 % are male. The dominant age group of
respondents was about 31–40 years old (32 %), followed by more than 50 years old (24 %) and
21–30 years old (21 %). The majority of respondents had either a primary or a secondary
Table 1 Total costs of the wastewater treatment plant from year 2014 to 2035
Construction cost

Capital cost

Total construction cost
Equipment cost (Technology-Specific cost)

$1,254,131.17

Installation

$322,145.04

Coastal engineering studies and design

$90,257.15

Piping

$389,576.63

Mechanical-chemical treatment

$63,081.06

Operation and management costs (O&M costs)
Total indirect cost

$228,685.27

Engineering and contingency

$352,181.45

The estimated total cost (Construction cost + Total indirect Cost)

$2,700,057.77

The authors’ calculation
1. Data are provided from the Designated Areas for Sustainable Tourism Administration (DASTA)
2. The commitment amount of the pipeline in the WWTP construction is indicative and may be altered during the
project preparation
3. In monetary calculation, an exchange rate of $1.00 equals 31.90 Thai Baht based on Bank of Thailand at the
time of the survey in April–May 2013
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education (27 %), and high school education or vocational diploma (22 %) as their highest
level of educational attainment. The household monthly income of a respondent in the
KCMNP is relatively high with the average of being $4,740, about six fold of monthly income
earned by a Thailand household (Thailand National Statistical Office 2013). Most respondents
earn $1000–$5000 in household income (48 %) per month, followed by $5001–$10000 per
month (36 %) and less than $1000 per month (8 %). The mean household size was reported to
have three members. Most respondents are employed in private sectors (31 %), followed by
government officials (14 %) and self-employed (12 %).
In the CVM questions, respondents were asked about their perception of the existing
coastal water quality. About 100 % of the local people were aware that there are water
pollution and health hazards at the beach, and that sewage discharges were considered as a
big issue. With regard to the current wastewater service, respondents were also asked to scale a
variable from 1 to 5 about their satisfaction level of the sewage disposal operation. On the
average, respondents were less satisfied with the wastewater management, which is evidenced
by the very low score of 1.73. Moreover, a total of 24 respondents (8 %) reported experiencing
symptoms, such as vomiting, fever, itchy skin and eye irritation, arising after swimming in the
sewage-polluted seawater.

5 Empirical Results
5.1 Tobit Regression Results
The estimation results of Tobit model are presented in Table 3. The results reveal that the eight
explanatory variables influence the maximum WTP amount decision. All were found to be
significant explanatory factors explaining the household willingness to pay for the proposed
WWTP (Table 3). The dependent variable is a continuous variable that the households respond
as the probability WTP and the maximum WTP for the wastewater treatment services
concerning the benefits expected out of it (Wendimu and Bekele 2011).
The coefficient on the gender variable is positive and significant (p<0.01) which means that
females are more likely to pay for the WWTP service than males. This is consistent
Table 2 Descriptive statistics
Variables

Label

WTP

Willingness to pay for the WWTP

Minimum Maximum Mean

GEN

Gender 1, if the respondent is female, 0 otherwise

0

1

0.563

AGE

Age in year

20

76

41.31

STA

Marital status 1, if the respondent is married and 0 otherwise

0

1

0.484

EDU

Level of education 1, if the respondent has a lower college degree, 0 0
otherwise

1

0.523

AVGHH

Household monthly income before tax in US dollars

500

20,000

4,740

HHS

Household size

1

6

2.822

EMP

Employment status, 1 if the respondent has an employment, 0
otherwise

0

1

0.564

WATERQ Perception about quality of existing beach and coastal water, 1 if the 0
respondent recognized the poor ocean water quality, 0 otherwise

1

0.982

BID

20

6.42

BID value

0
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with the previous CVM studies indicating that females are more attentive to the environmental
consciousness than men (Stern et al. 1993; Berrens et al. 1997; Bord and O’Connor 1997;
Brown and Taylor 2000), other factors being constant. In contrast, the age variable has the
expected negative parameter estimate, suggesting that older people have a lower probability of
accepting the bid price increases and are willing to pay less than the younger generation. The
marginal effect value with respect to age shows that the probability of the willingness to pay
for the WWTP may decrease by $0.06 when the age of a respondent increases by one year,
ceteris paribus. Identically, the negative coefficients of the status revealed that particular
samples of people who are single or widow are relatively more accepted to pay the bid offered
than married people due to less demand for food and other necessities in such a status, given
other factors held constant. This study also shows a significant negative influence of the
education level on the WTP for the WWTP, indicating that the respondents with a college
degree tend to be willing to pay more than lower educated ones. This is perhaps because those
well-educated households are expected to be more aware about the pollution level of coastal
water resources (Hanley et al. 2009), ceteris paribus.
In contrast, the household income variable shows a significant positive influence (p<0.10)
on paying an amount, indicating that richer households would notably raise WTP. The result
was consistent with expectations of economic theory (Carson et al. 2001), indicating that an
increase in income would lift the expectation of environmental quality resources. Hence, the
WWTP program is normal goods. The marginal effect value of 0.0004 with respect to the
household income variable shows that the probability WTP of wastewater tariffs for quality
water improvement increases by 0.04 % when the income of a household increases by $1,
other variables held constant. The coefficient on the household size variable is significantly
correlated with the WTP dependent variable (p<0.01); this suggests that the willingness to pay
for the WWTP increases as household size increases. One possible explanation could be that
those households who perceive the poor ocean water quality and health risks associated with the wastewater conditions are likely to pay more for improved sewerage
services, ceteris paribus. Likewise, the employment variable is another variable found
to be significant (p<0.10), meaning that the employed respondents are more likely to
say “yes” to payment.
Table 3 Maximum log likelihood estimates of Tobit model
Variables

Coefficient

Standard error

Marginal effect

Constant

1.635

1.796

–

GEN

2.205*

0.397

2.246*

AGE

−0.073*

0.023

−0.060*

STA

−1.309*

0.380

−1.285*

EDU

−1.064*

0.397

−0.958**

AVGHH

0.0004*

0.00007

0.0004*

HH
EMP

0.512 *
1.160*

0.134
0.449

0.546*
1.281*

WATERQ

3.704 *

1.318

4.478*

Number of observations

300

Sigma

3.487

Log likelihood

−1067.162

*Indicates statistical significance at the 1 % level; **indicates statistical significance at the 5 % level
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Environmental factors, such as the ocean water quality, has a positive and
significant (p < 0.01) effect on WTP, implying that the respondents who perceived
ocean water pollution are more likely to pay for the treatment facilities, as the
beach quality gets worse. The positive marginal value of the ocean water quality
variable suggests that those people who recognized the poor quality of water
bodies have a 4.48 % more probability of paying monthly tariffs for the proposed
WWTP compared to people who did not perceive the water pollution, keeping all
other variables constant.
In the survey response rate, 89 % of the households would support the WWTP
program for the amount of wastewater tariffs. The ‘zero’ WTP was chosen by 33
(11 %) households, denoting that the respondents were unwilling to accept towards
the proposed WWTP program. Following standard practice in the CVM analyses, the
households were asked to screen the protest zero bidder (Cho et al. 2005); this was to
make sure that their refusal to value the WTP question was not caused by protest
beliefs. We explored the insights of the protestors to enquire about the reasons for the
rejection: (i) thirteen of the households stated that the they could not afford to pay
more taxes; (ii) nine conceded that the government should pay for the sewage
treatment plant; (iii) six needed more information before they decide to pay; and
(iv) five were satisfied with the current beach and coastal water condition or opined
that the WWTP project will not lead to the outcomes as claimed. The households who
answered (ii) were classified as the protest responses who objected to an aspect of the
CV survey or the willingness to pay.
Following Chen and Jim (2008), the estimated mean household WTP was computed by Eq. (2) to be $6.03 per household per month (protest responses were included).
According to the 2011 census, there were 4,639 households in the study area
(National Statistical Office 2013). Assuming that 89 % of the households would
afford the coastal water preservation project, the total monetary benefits served by
the proposed WWTP is worth $298,774.40 per year.
5.2 The WWTP Project Evaluation
The viewpoints of this financial CBA were included: (i) economical (treatment
unit, O&M costs); (ii) the tangible costs as well as benefits from the WWTP were
not included in the calculations; (iii) benefit start delayed by two years after
finishing the WWTP intervention. In this section, CBA is calculated by comparing
the total benefits derived from household WTP for improved water quality with
the total costs for the WWTP construction. The three economic indicators revealed
that the proposed WWTP is financially feasible, since the project benefits outweigh
costs in all CBA outcomes. At a 7 % discount rate (Bank of Thailand, as of May
2013) over a 20-year period, the NPV of the WWTP is greater than zero, which has a
positive figure of $465,162.48, the IRR shows a value of 9.14 % which is more than
the discount rate, as well as the B/C ratio is higher than 2.21 (Table 4). These figures
prove that the WWTP project is economically viable for wastewater solutions in order
to bring social and economic welfare of the island community.
5.3 Sensitivity Analysis
This section examines the effect of the variation in key variables for the WWTP
intervention that would affect the CBA outcomes, except for the baseline scenario
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described above. The critical variables of a sensitivity test, which have the greatest
impact on the project costs and benefits, include: (i) construction and O&M costs; (ii)
number of households; and (iii) discount rate. Two alternative hypotheses are examined and compared to the baseline case in terms of their impact on the ratio of the
WWTP investment.
The first alternative scenario examines the likely impact of the construction cost of the
sewage treatment plant. It depicts an increase in the investment cost of about 10 % from the
normal circumstance.
Net Present Value (NPV) = $195,156.68
Internal Rate of Return (IRR) = 7.83%
Benefit-Cost Ratio (B/C) = 2.01
The second alternative scenario assumes that the parameters changed include: the discount
rate is changed to 9 %, a 10 % price increase in construction cost and the number of
households is approximately risen by 5 % each year from the year 2016–2035.
Net Present Value (NPV) = $404,525.83
Internal Rate of Return (IRR) = 10.67%
Benefit-Cost Ratio (B/C) = 2.70
Sensitivity tests show that the CBA outcomes are very sensitive especially to
changes in construction cost. The NPV values in both scenarios are positive and
greater than zero, which equal to $195,156.68 and $404,525.83, the B/C of scenario
1 is less than the baseline case, but still is more than one. The IRR ratios, which
yield 7.83 % and 10.67 %, respectively, are still accepted. The results clearly

Table 4 Computation of the cost-benefit analysis over a 20-year period (2014–2035)
Attribute

Amount or ratio

The monetary value of the proposed WWTP
Sample size

300 households

Response rate
Mean WTP

89 %
$73.36 per household per year

Households in the study area

4,639 households

Estimated total WTP

$298,774.40 per year

NPV

$465,162.48

IRR

9.14 %

B/C ratio

2.21

1. The baseline assumptions based on theory of social cost-benefit analysis and environmental externalities in the
financial calculation would be stated as follows: (i) the installation period is 2 years; (ii) all the treatment stages
have a lifetime of 20 years, therefore, the benefit are placed 2 years after finishing installation; (iii) the lifespan of
the civil construction is 20 years; (iv) discount rate is 7 % per year (365 days in a year) and; (v) prices are constant
2. Calculation discounted amount is based on discount rate of Bank of Thailand, as of May 2013
3. In monetary terms, the intangible costs as well as benefits are very difficult to quantify because they are not
captured by the market, such as the impact of effluent qualities from the WWTP, water pollution effects on
human health. Due to problems in quantification, thus, such costs and benefits were not included in the
calculations
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demonstrate that the proposed WWTP is economically feasible, even if uncertain
circumstances occur, since the evaluation criteria are still acceptable under these
possible scenarios.

6 Summary and Conclusions
This paper aims to elicit households’ willingness to pay for a proposed sewage
treatment plant to protect ocean beaches. A case study in a rural and coastal tourist
area is presented, located at the White Sand Beach of the KCMNP. The joint CVM
and CBA applications of wastewater treatment were applied to estimate a valuation of
environmental externalities. The successfully completed 300 interviews were analyzed.
The Tobit model was used for determination of WTP and the maximum amount of
monthly wastewater tariffs that households are willing to pay. Through CVM solicitation, the mean WTP for the provision of wastewater treatment was $6.03 per
household per month or estimated to be $73.36 per household per annum, which is
well above a basic annual rate of $15.67 charged by the Ko Chang municipalities.
The aggregate WTP for all households in the study area was $298,774.40 per year.
In addition, the study results provide a systematic process on valuing coastal
water resources and conducting the CBA related to the WWTP for coastal water
conservation. The net present value is projected to be $465,162, the IRR equals
9.14 % which is more than the discount rate and the B/C ratio amounts to 2.21 (at a
7 % discount rate over a 20-year period). The results of CBA in this study show
that the WWTP plant is feasible economically. Additionally, the sensitivity tests
indicated that the project is contributing to the social and economic welfare, since
the B/C, NPV and IRR are also accepted under alternative hypotheses. Consequently, it is a common understanding that this project should be implemented. This
suggests that it is worth of undertaking for Thai government to put more investment
in the park resource protection.
With regard to the public acceptances toward coastal resource protection, the
important policies deserve to be mentioned: (i) on the average, 89 % of households are willing to pay for the construction of a wastewater treatment plant in the
region, if such raise in taxes is accompanied by an improved coastal water quality.
It is possible for park management to further increase wastewater monthly tariff
bills, since the public accepts the additional wastewater charges without jeopardizing household’s affordability to pay; (ii) the results obtained from the CVMCBA analysis provide the basic information to suggest the local council authority
to operate the over capacity use of coastal resources in a sustainable way that
protect coastal waters and support the coastal economy, especially during the peak
tourism seasons. Therefore, both Thai central and local governments should take
some proactive actions in dealing with environmental protection including ocean resource management,
command and control water pollution regulation, and land-use policy for resource use in the future.
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Appendix: Project Questionnaire
Household No.
Household Willingness to Pay for Coastal Water Quality Improvements
in Ko Chang Marine National Park, Thailand

Date:

Town/village:

Time:

District

:

Household address:
As a result of tourism development, wastewater discharge into the sea is one of the most serious environmental issues in Ko
Chang Marine Park, mainly due to sewage drainage from the household and commercial uses. I am conducting this interview
concerning wastewater disposal issues in your household for a sustainable coastal water resource management program of
Designated Areas for Sustainable Tourism Administration (DASTA) in cooperation with the National Natural Science
Foundation of China. The data obtained will be used to elicit willingness to pay for a perceived benefit from the municipal
wastewater management. Your response will enable local council authorities to formulate a useful tool for wastewater
management strategies in decision-making regarding the sustainable wastewater treatment system in this area.
We will keep all the information you provide is strictly confidential. Ultimately, we do appreciate your cooperation with this
project
Note to Enumerators:
1. Please fill out all information the respondent provides by yourself, write R if the respondent is unwilling to answer
questionnaire, please note the details for non-response.
2. Ask to interview with head of the household, his/ her spouse or a family member aged 20 or above who is responsible
for paying the wastewater bill.
Section A: Environmental attitudes and Households’ sewage system practices
A1 Household perception of the existing beach condition
Q1 What are the environmental issues related to natural resources facing Ko Chang residents today? (Please apply on a scale
from 1 to 3)
[ ] 1 Coastal water pollution
[ ] 2 Coral reef degradation
[ ] 3 Deforestation
[ ] 4 Air pollution
[ ] 5 Encroachment
[ ] 6 Wastewater treatment
[ ] 7 Solid waste disposal
[ ] 8 Poor drainage / Flooding
[ ] 9 Others (Please specify) ________________
Q2 How much personal experience have you perceived with poor beach conditions that were solid waste -related? (Please circle
the number)

Have never
seen it

Moderately
aware of it

1

2

I have experienced
seeing it many times
3
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Q3 How would you rate the level of satisfaction with the coastal water quality and reliability at Ko Chang? (Please circle the
number)
Unhappy
Dissatisfied
Neutral
Satisfied
Very satisfied
2
3
4
5
Q4 Has anyone in your household been ill in the past 5 yea s that associated with exposure to ocean water of poor
bacteriological quality?
[ ] 1 Yes, (please specify the name of an illness)
(vomiting, diarrhea, nausea, fever, cramps, ear/nose/throat irritation skin rash, etc.)
[ ] 0 No
Q5 Have you ever noticed any issues of serious water pollution caused by local wastewater for ocean water conservation?
[ ] 1 Yes
[ ] 0 No
A2 Households’ sewage system practices
Q6 What type of wastewater disposal system do your household use currently?
[ ] 1 Public sewerage system
[ ] 2 A private septic tank
[ ] 3 A closed septic tank with an overflow
[ ] 4 All other arrangements (an open ditch, a river, a cesspool, etc.)
[ ] 5 No sewage disposal system
Q7 Does your sewerage and wastewater treatment function work properly?
[ ] 1 Almost always
[ ] 2 Sometimes
[ ] 3 Does not work now
Q8 Where does your wastewater discharge go?
[ ] 1 Municipal sewerage system
[ ] 2 Roadside drain
[ ] 3 Drainage canal or ditch
[ ] 4 Nearby coastal water body
[ ] 5 Do not know
[ ] 6 Other (Please specify)
Q9 What is the main method of garbage disposal for this household?
[ ] 1 Burning/ Burying
[ ] 2 Fields as fertilizer
[ ] 3 Garbage truck
[ ] 4 Dumping in sea/river/pond/gully
[ ] 5 Dumping at municipal site
[ ] 6 Other (Please specify)
Q10 How would you rate the existing wastewater treatment solution of the municipalities?
Unhappy
Dissatisfied
Neutral
Satisfied
1
2
3
4

Pleased
5

Q11 Would you prefer to have an improved sewage disposal system?
[ ] 1 Yes
[ ] 0 No
Q12 Which of the following improved wastewater disposal systems do you prefer?
[ ] 1 Central sewerage system
[ ] 2 Septic tank and soak-away
[ ] 3 Open drainage canals
[ ] 4 Other (specify)____________________
Q13 How much are you charged wastewater tariffs per year for the sewer treatment services?
US$
Q14 What do you think about the current wastewater tariffs compared with other utility payments such as the water supply bill?
[ ] 1 Too low [ ] 2 Normal
[ ] 3 Too high
[ ] 4 Do not know
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Section B: Willingness to pay for Coastal Water Quality Improvements
Ko Chang Marine National Park is one of the mass tourism destinations particularly popular with the white sandy beaches and
coral reef systems. Since 2005, many destinations and regions in Ko Chang concerning with wastewater are becoming a pressing
challenge as the amount of waste increases and the cost of dealing with this waste in a sustainable manner rise at an ever
increasing rate. For example, White Sand beach is the most popular recreational area, and there is potential to further develop the
bathing beach and tourism activities. Recently, White Sand beach is highly polluted with biological organisms, largely from
household and tourism wastes. Overflow from household sewage drains into surface water, particularly small confined lakes and
water bodies, the contained nutrients may produce high bacterial levels in the sea. Such a bacterial contamination in the sewagepolluted seawater causes serious threats to human risks and aquatic life (please see picture A).
The Ko Chang municipalities and DASTA realized that the treatment of wastewater was insufficient and a serious problem.
Establishing a centralized sewerage system should be a high priority throughout White Sand beach area, which is still largely
lacking proper treatment. A pilot sewerage treatment is designed to clean pollutant wastewater through a network for wastewater
collection, treatment and reuse or disposal of effluent and sludge.
Picture A: no treatment

Picture B: treated wastewater

After establishing treatment unit, the centralized system receives and treats wastewater from the surrounding communities
and the tourism industry along the entire White Sand beach, it is capable of providing high-level treatment for an average daily
flow of 1.35 million litres and servicing approximately 500,000 people per year, the water from the treatment plant could then be
discharged safely into the ocean water, so that the treated water will have minimal impact on the environment when it is returned.
As a result, the benefits from the sewage plant could be served local population in order to reduce health risks when directly
contact water and also improve recreational waters near this facility (please see picture B).
Q15. The construction cost of the treatment plant will be covered by the Ko Chang municipalities and will be extrapolated to the
residents by charging monthly tariff bill. After the WWTP is installed by 2016, it would cost to your household $X per month.
Would your household be willing to pay monthly tax to support this project?
[ ] 1 Yes

[ ] 0 No (please follow up Q16)

If YES, please indicate your maximum willingness to pay by checking the appropriate box for the amount of the monthly tariff
bill to be collected-or fill in another monthly amount: $0, $1, $3, $5, $7, $10, $15, or other ___________.
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Q16 If NO PAYMENT, Could you please describe the reasons why you are not willing to pay?
[ ] 1 I can not afford to pay more taxes
[ ] 2 It’s the municipal government’s responsibility
[ ] 3 I needed more information before decide to pay
[ ] 4 I mistrust this payment will lead the improvement as claimed
[ ] 5 I feel satisfied with the existing beach condition

Section C: Socioeconomic Profile
1 Gender
[ ]1

Female

[ ] 2 Male

2 Age_________ years
3 Civil Status

[ ] 1 Single
[ ] 3 Widowed/divorced

4 Are you head of the household?

[ ] 2 Married
[ ] 4 Other (Please specify)

[ ] 1 yes

[ ] 0 No

5 Household size: ___________ (Number of family members)
6 How long have you been living in this area?
[ ] 1 Less than 1 year

[ ] 2 1 to 5 years

[ ] 3 6-10 years

[ ] 4 Over 10 years

7 What is the ownership status of the house in which you live?
[ ] 1 Own house

[ ] 2 Rented

[ ] 3 State house

[ ] 4 Company guesthouse

[ ] 5 Company guesthouse

[ ] 6 Other, please specify

8 Highest level of education completed
[ ] 1 No Schooling
[ ] 3 High school/ Vocational diploma

[ ] 2 Primary Education /Secondary Education
[ ] 4 College degree

[ ] 5 Master degree or higher

[ ] 6 Other, please specify

9 What is your profession
10 What is your employment type?
[ ] 1 Permanent

[ ] 2 Seasonal

[ ] 3 Contract

[ ] 4 Other (Please specify)

11 How many family members contribute to the household income?
11-1 Please indicate your family members’ profession

12 What is your average monthly household income (before tax)?

Thank you for your time and cooperation

(US$ dollar)
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