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ABSTRACT 
 

 

The purpose of this study was to estimate the value of  the Lum Ta Kong River  in Nakhon 

Ratchasima Municipality 390 people in Nakhon Ratchasima Municipality were divided into 2 groups, 

namely people who lived near the Lum Ta Kong River, and people who did not live near the Lum Ta 

Kong River . The Contingent Valuation Method (CVM) and Contingent Ranking Method (CRM) using 

the LIFEREG  SAS (Statistical Analytical System)  program and Limdep (Limited Dependent Variable 

Modeling) program were used for the data analysis. 

The value of the Lum Ta Kong River in Nakhon Ratchasima Municipality using the CVM was 

9,009,684.48 baht /year. Using the CRM ,the river’s value as wastewater treatment was 28,084,875.84 

baht /year. For recreation the value was 69,949,269.12 baht /year, and the value as a source of 

consumption was 147,003,601.92 baht /year. The determinants of the user’s WTP for the CVM were 

household income, residence duration in the community, and education.  

The economic cost-benefit analysis of the 2nd  wastewater treatment system at a 8% discount 

rate. On the other hand, according to the villagers, willingness to pay per household per month it would 

be financial viable for the munipalty to collect enough revenue to cover operating cost of the treatment 

system indicated that the investment of the 2nd wastewater treatment system was not worthwhile.  
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บทคัดยอ 
 

การศึกษาครั้งนี้มีวัตถุประสงคเพื่อประเมินมูลคาแมน้ําลําตะคองในเขตเทศบาลนคร นครราชสีมา โดยทําการ
สํารวจกลุมตัวอยางจํานวน 390 คัวเรือน แบงออกเปน 2 กลุม ไดแก ประชาชนที่อาศัยอยูใกลกับแมน้ําลําตะคองและ
ประชาชนที่ไมไดอาศัยอยูใกลกับแมน้ําลําตะคอง โดยใชวิธี Contingent Valuation Method (CVM) และ Contingent 
Ranking Method (CRM)  ซ่ึงทําการสัมภาษณ กลุมตัวอยาง ที่เปนหัวหนาครัวเรือนในเขตเทศบาลนคร นครราชสีมา 
จํานวน 390 ครัวเรือน  แลวจึงประมวลผลโดยใชโปรแกรม SAS สําหรับวิธี Contingent Valuation Method CVM และ 
โปรแกรม Limdep (Limited Dependent Variable Modeling) สําหรับวิธี Contingent Ranking Method CRM  
 จากการศึกษาพบวามูลคาของแมน้ําลําตะคองในเขตเทศบาลนคร นครราชสีมา โดยวิธี Contingent Valuation 
Method  (CVM) เทากับ 9,009,684.48 บาท/ป มูลคา โดยวิธี Contingent Ranking Method (CRM) มี 3 มูลคา คือ มูลคาใน
การบําบัดน้ําเสียเบื้องตน เทากับ 28,084,875.84 บาท/ป มูลคาในการนันทนาการ เทากับ 69,949,269.12 บาท/ป และมูลคา
ในการบริโภค เทากับ 147,003,601.92 บาท/ป ปจจัยที่มีผลตอความเต็มใจที่จะจายสําหรับวิธี Contingent Valuation Method 
(CVM) คือ  รายได ระยะเวลาที่อยูอาศัยในชุมชนและการศึกษา 
 การวิเคราะหตนทุนและผลประโยชนทางเศรษฐศาสตรของระบบบําบัดน้ําเสียระยะที่ 2 ที่อัตราคิดลด 8% ไม
คุมคาแกการลงทุนเมื่อเปรียบเทียบกับมูลคาของแมน้ําลําตะคองที่คํานวณไดจากการศึกษาครั้งนี้ อยางไรก็ตามจากคาเฉลี่ย
ความเต็มใจที่จะจายตอครัวเรือนตอเดือนพบวา หากเทศบาลนครนครราชสีมาจัดเก็บคาบําบัดน้ํา จะทําใหมีรายรับเพียงพอ
คาใชจายในการดําเนินการระบบบําบัดน้ําเสีย 
 
 
173 หนา. 

Copyright by Mahidol University



CONTENTS

Page

ACKNOWLEDGEMENT iii

ABSTRACT iv

LIST OF TABLES viii

LIST OF FIGURES xi

CHAPTER I  INTRODUCTION 1

                1.1 Background 1

                1.2 Conceptual framework 4

                1.3 Objectives of study 5

                1.4 Hypothesis of study 5

                1.5 Scope of study 5

                1.6 Definition of term 6

                1.7 Expected results 7

CHAPTER II  LITERATURE REVIEW 8

                2.1 Theory of evaluation of natural resource and environmental
                       economic 8

                2.2 Investment criteria 32

                2.3 Wastewater 34

                2.4 Wastewater treatment system 36

                2.5 Characteristics of the study site 41

                2.6 Lum Ta Kong River 43

Copyright by Mahidol University



vii

CONTENTS (Cont.)

Page

                2.7 Variables related research 48

                2.8 Related researches 51

CHAPTER III  METHODOLOGY 61

               3.1 Target population 62

               3.2 Sample size and sampling 63

               3.3 Method of study 64

               3.4 Research Instrument 72

               3.5 Data collection 72

               3.6 Data analysis 73

CHAPTER IV RESULTS AND DISCUSSION 75

               4.1 Contingent Valuation Method (CVM) 76

               4.2 Contingent Ranking Method (CRM) 100

               4.3 The cost-benefit analysis 120

               4.4 Discussion 125

CHAPTER V  CONCLUSION AND RECOMMENDATIONS 128

               5.1 Conclusion 129

               5.2 Limitation of the study 130

               5.3 Recommendations 131

REFERENCES 133

APPENDIX 137

BIOGRAPHY 173

Copyright by Mahidol University



LIST OF TABLES

Table Page

Table 2.1 Optimal bid - single-bounded logit model. 21

Table 2.2 Analytical bias and asymptotic variance of WTP - double-
bounded logit Model.

22

Table 2.3 Some optimal designs for double bounded CV data. 23

Table 2.4 Components of TEV of water resources and appropriate
economic valuation method.

31

Table 2.5 People prediction during year 2010 -2525 will have the people
as follows.

42

Table 3.1 Definition of variables to use in Contingent Valuation Method.   67

Table 3.2 Improvements project of Lum Ta Kong River at each attribute.  69

Table 4.1 Social-economic characteristics of sample in CVM method. 76

Table 4.2 Cognizant information about Lum Ta Kong River (CVM). 79

Table 4.3 Source of cognizant information about Lum Ta Kong River
(CVM).

80

Table 4.4 Disperse wastewater of household (CVM). 82

Table 4.5 Do you know how to Nakhon Ratchasima Municipal currently
disposes the wastewater (CVM).

82

Table 4.6 The people who use  Lum Ta Kong River (CVM). 83

Table 4.7 Category of uses Lum Ta Kong River (CVM). 84

Table 4.8 Opinion water quality of Lum Ta Kong River (CVM). 85

Table 4.9 The major source of wastewater discharges in Lum Ta Kong
River (CVM).

86

Table 4.10 Results of the pre-test survey. 88

Copyright by Mahidol University



ix

LIST OF TABLES (Cont.)

Table Page

Table 4.11 The treat wastewater before disperse to Lum Ta Kong River
make you have increase utilityใ

88

Table 4.12 Willingness to pay. 89

Table 4.13 The reason of not willingness to pay. 90

Table 4.14 The reason for paying. 91

Table 4.15 The most suitable method of the wastewater fee collection. 93

Table 4.16 Summary of the answers to the WTP questions. 93

Table 4.17 The maximum log likelihood from each distribution. 94

Table 4.18 Mean of willingness to pay (WTP) from contingent valuation
method (CVM).

95

Table 4.19 The parameter estimated from contingent valuation method
(CVM).

97

Table 4.20 Likelihood Ratio Test. 98

Table 4.21 Social-economic characteristics of sample in CRM Method. 100

Table 4.22 Cognizant information about Lum Ta Kong River (CRM). 103

Table 4.23 Source of cognizant information about Lum Ta Kong River
(CRM).

104

Table 4.24 Disperse wastewater (CRM). 106

Table 4.25 Do you know how to Nakhon Ratchasima Municipal currently
disposes the wastewater (CRM).

106

Table 4.26 Number of people who use Lum Ta Kong River (CRM). 107

Table 4.27 Category of use Lum Ta Kong River (CRM). 108

Table 4.28 Opinion water quality of Lum Ta Kong River (CRM). 109

Copyright by Mahidol University



x

LIST OF TABLES (Cont.)

Table Page

Table 4.29 The major source of wastewater discharges in Lum Ta Kong
River (CRM).

110

Table 4.30 Parameter estimates from ordered logit model. 113

Table 4.31 Average values of Lum Ta Kong River from CVM. 118

Table 4.32 Value of Lum Ta Kong River of contingent ranking method
(CRM)

119

Table 4.33 Cost of 2nd wastewater treatment system adjusted by conversion
factor (0.92).

121

Table 4.34 Cash flow of 2nd wastewater treatment system. 123

Copyright by Mahidol University



LIST OF FIGURES

Figure Page

Figure 2.1 Four measures of the welfare gain from a price decrease 9

Figure 2.2 The total economic value (TEV) 11

Figure 2.3 The double-Bounded CV 20

Figure 2.4 Waste stabilization Ponds 36

Figure 2.5 Lum Ta Kong River throng pass Nakhon Ratchasima
Municipals

41

Figure 2.6 Wastewater treatment system 46

Figure 2.7   The area of 1st wastewater treatment system of  Nakhon
Ratchasima Municipality

47

Figure 2.8 The total area of wastewater treatment system of Nakhon
Ratchasima Municipality

48

Figure 3.1 Community situation of Nakhon Ratchasima Municipality. 62

Figure 3.2 The double-bounded CV 65

Figure 4.1 The percentage the cognizant information about Lum Ta Kong
River in CVM.

80

Figure 4.2 The percentage of source cognizant information about Lum Ta
Kong River in CVM.

81

Figure 4.3 The percentage of respondent who know about Nakhon
Ratchasima Municiple disposal the wastewater in CVM.

83

Figure 4.4 The percentage of respondent about opinion water quality of
Lum Ta Kong River in CVM.

85

Figure 4.5 The percentage of major source of wastewater discharges in
Lum Ta Kong River in CVM.

87

Figure 4.6 The percentage of the reason of not willingness to pay. 90

Figure 4.7 The percentage of the reason of willingness to pay. 92

Copyright by Mahidol University



xii

LIST OF FIGURES (Cont.)

Figure Page

Figure 4.8 The percentage of willingness to pay. 94

Figure 4.9 The percentage of cognizant information about Lum Ta Kong
River in CRM.

104

Figure 4.10 The percentage of source of cognizant information about Lum
Ta Kong River in CRM.

105

Figure 4.11 The percentage of the respondent who know about Nakhon
Ratchasima Municipal disposal the wastewater in CRM.

107

Figure 4.12 The percentage opinion of water quality of Lum Ta Kong River
in CRM.

109

Figure 4.13 The percentage of major source of wastewater discharges in
Lum Ta Kong River in CRM.

111

Copyright by Mahidol University



Fac. of Grad. Studies, Mahidol Univ               M.Sc.(Techonology of Environmental Management) / 1

CHAPTER I

INTRODUCTION

1.1 Background

Currently, surface water quality in most part of Thailand can be considered in

the as fair conditions (Pollution Control Department, Thailand , 2006) but some rivers

flowing thru large communities are in poor condition. Wastewater from various

activities has created many problems to the communities. Untreated wastewater from

domestic and industrial wastewater discharges, agricultural point and non-point source

discharges, deforestation, and other development projects are drained directly to the

river. Although big cities or communities have their drainage system collecting

wastewater from households, large proportion of wastewater is directly drained into

natural water source without any treatment.

Thus, in many parts of the country, surface water is severely polluted, which

affects aquatic resources, water uses for various proposes as well as human health.

Discharges from the urban wastewater have been the major pollution source. Daily

wastewater quantity is about 80-90 percents of the total quantity used by each person

(Average water used daily is 200 liters/person) (Pollution Control Department

Thailand, 2006). Then, when the population increases, the quantity of wastewater also

increases, and most rivers flowing through the urban areas contain high organic

contamination and high coliform bacteria.

Nakhon Ratchasima Municipality is an urban center of Nakhon Ratchasima

Province where important institutions and offices are located. The urban area and

population have continuously increased. The municipal boundary made up of mixed

high-density residential and commercial areas has been radiating from related highway

and around the railway station. Industrial areas have developed in zones especially along

the major roads. The proportion of residential area has expanded out of proportion of

recreation area.
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Water quality of “Lum Ta Kong” river is the major concern for the Nakhon

Ratchasima municipality.  This river is the oldest river of the city that flows through

the city centers. The river is originated from Yai mountain range in Khao Yai National

Park, Pak Chong district, flows over Pak Chong district and turns to the east, passes Si

Kew, Soong Nern, Kham Talae Sor, Muang districts and flows into Moon river at Ban

Ma Done Ta Chang sub-district, Chakaraj district. The total length of Lum Ta Kong to

Mool River is about 180 km., of which 20.8 km. runs through the Nakhon Ratchasima

municipality. In the past, water from the river was used by people in the municipality,

however, in present time the water quality of the river is in poor conditions. In 2006,

Lum Ta Kong River running through the city had Dissolved Oxygen (DO) of 0.08

mg/l, Biochemical Oxygen Demand (BOD) of 3.30 mg/l, and Fecal coliform Bacteria

(FCB)  of  16,000  MPN/100  ml.  The  river  was  classified  as  Class4  and  Class5

according to the water quality standard in Thailand (Interpreted as poor quality;

cannot be consumed).

The major reason for such severe river water pollution was the discharging of

wastewater from near communities into the river directly without any treatment.

Firstly, there was a direct wastewater discharge from the houses located along the

river through the small pipes and secondly, there were open wastewaters channels

coming from communities and discharging into the river, and some waterways from

road and Nakhon Ratchasima Municipality were also  directly  connected  to  Lum  Ta

Kong River. The situation is expected to worsen due to planed expanding economy of

Nakhon Ratchasima Province.

The people in Nakhon Ratchasima Municipality do not use Lum Ta Kong

River for consumption, but they use it indirectly for discharge wastewater and its

ability to treat the water valuably. Therefore, the value of Lum Ta Kong in this study

is the indirect use value, and this study estimates Lum Ta Kong River section in

Nakhon Ratchasima Municipals area.

Economics is the study of how societies organize themselves to provide for the

sustenance and well-being of their members.  This study estimates value of Lum Ta

Kong River in Nakhon Ratchasima Municipality by contingent valuation method

(CVM) and contingent ranking method (CRM). Both methods estimate value of the

environment from respondents by directly using survey techniques.
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The contingent valuation method (CVM) is a survey-based methodology. The

basic underlying idea is that, by means of an appropriately designed questionnaire, a

hypothetical market is described for non-market goods, such as river water (Swanson

Day and Mourato, 1999).

People are then directly asked to express their maximum willingness to pay

(WTP)  for  a  hypothetical  change  in  the  level  of  provision  of  the  good.  This

willingness to pay improvement of Lum Ta Kong River that would make the

individual indifferent between the money to pay for environment or Lum Ta Kong

River and the money while keeping spending on other things.

The contingent ranking method (CRM) procedure asks respondent to compare

and rank alternatives, each describing a different tradeoff between the provision of an

environmental goods and its price (Lareau and Rae, 1989).

At present, Nakhon Ratchasima Municipality has wastewater treatment

system, Waste Stabilization Pond called “Bung Ta Lay wastewater treatment system”

which can treat wastewater about 45,000 cubic meter per day or about 60 percent

(Nakhon Ratchasima Municipality) of total which is not enough for total municipal

area. Then in 2006, Nakhon Ratchasima Municipality planned to build the 2nd

wastewater treatment system, Activated Sludge (AS) with the treatment of 72,000

cubic meters per day to improve efficiency of Bung Ta Lay wastewater treatment

system, and increase area wastewater of treatment up to 90 percentages of total

municipal area. According to above the wastewater treatment system is solution to

problem of increasing water quality deterioration of Lum Ta Kong River.

This study values Lum Ta Kong River by contingent valuation method (CVM)

and contingent ranking method (CRM) which is to indicate benefit and importance to

people who live in Nakhon Ratchasima Municiplity about Lum Ta Kong River by

hypothetical situation. The value will be used to compare with cost of 2nd wastewater

treatment  system  which  is  the  actual  expense  Lum  Ta  Kong  River  to  solve   water

pollution problem so that lesson learned can be incorporated into future economic

development, and can be a useful part of the information base supporting

environmental and resource management decisions.

Copyright by Mahidol University



Fac. of Grad. Studies, Mahidol Univ               M.Sc.(Techonology of Environmental Management) / 4

1.2 Conceptual framework

Independent variable

- age

- education of

remaining

- residing duration in

the community

-  income

- occupation

- Cognizant

information

- Distant

- Members of

household

Population growth

Nakhon Ratchasima

Municipality Expansion

Increasing wastewater discharge

into Lam Ta Kong river

Value of Lam Ta

Kong River

(CVM method)

dependent

variable is WTP

Guideline for

Management of

Lam Ta Kong River

Community’s have

wastewater and discharges

into Lam Ta Kong River

To justify the 2nd

wastewater treatment

system

Bung Ta Lay Wastewater

treatment system is low

potential to support

increasing wastewater

Construction of   2nd

wastewater treatment
system

Value of Lam Ta

Kong River

(CRM method)
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1.3 Objectives of study

1.  To  estimate  value  of  Lam  Ta  Kong  River  passing  Nakhon  Ratchasima

Municipality by contingent valuation method (CVM) and contingent ranking method

(CRM).

2. To study factor affecting the willingness to pay for improving the quality of

Lam Ta Kong River.

3. To review the cost of the 2nd wastewater treatment system and compare the

value of Lam Ta Kong River passing Nakhon Ratchasima Municipality by contingent

valuation method (CVM) and contingent ranking method (CRM).

1.4 Hypothesis of study

1. The value of Lum Ta Kong for the people who live near Lum Ta Kong

River is higher than those who do not live near Lum Ta Kong River.

2. The value of Lum Ta Kong River higher than the cost of the 2nd wastewater

treatment system.

3. Age, education, residing duration in the community, household income,

distant from Lum Ta Kong River, occupation, cognizant information and number of

household members are the relative factors that affect willingness to pay (WTP) for

improving water quality of Lam Ta Kong River.

1.5 Scope of study

1. The study area covers all communities in Nakhon Ratchasima Municipality.

2. The target population of this study is the heads of households or other

household members that are able to provide information of their households. The

population is divided into 2 groups: people who live near Lam Ta Kong River and

people who do not live near Lam Ta Kong River.

3. The value of Lam Ta Kong River passing Nakhon Ratchasima Municipality

is valued by contingent valuation method (CVM) and contingent ranking method

(CRM).
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1.6 Definition of term

Economic valuation is the techniques that is based largely on consumer or

producer willingness to pay for an improvement (or willingness to accept

compensation for a deterioration) in natural systems and ambient environmental

quality (Freeman, 1979)

Willingness to pay (WTP) is the amount an individual is willing to pay to

acquire some good or service. This may be elicited from stated or revealed preference

approaches. (Lareau and Rae, 1989)

Contingent Ranking Method (CRM) is a way of assessing the subjective

value  of  an  environment.  This  method  asked  to  rank  several  alternatives  rather  than

express a willingness to pay. Alternatives tend to differ according to some risk

characteristic and price (Lareau and Rae, 1989)

Contingent Valuation Method (CVM) is  a  way  of  assessing  the  subjective

value of an environment. Responses are sought from individuals to find what they

would do in a particular hypothetical situation. This method asked the respondent who

benefit from the environment, how much they would be willing to pay (WTP) for an

improvement in the environment (Hanley and Spash, 1993).

Stabilization pond is a type of Oxidation pond in which biological oxidation

of organic matter is effected by naturally or artificially accelerated transfer of oxygen

to the water from air (Gray, 1989).

Activated Sludge system is a biological wastewater treatment process that

converts non-settle able (suspended, dissolved, and colloidal solids) organic materials

to a settle able product using aerobic and facultative microorganisms (Gray, 1989).

Indirect use value is the value of environment, which environment gives

service or benefits for peoples not directly for example the value of river, is decrease

pollution of river.

People who live near Lum Ta Kong River is the people who live in

community where the area adjoins with Lum Ta Kong River.

People who not live near Lum Ta Kong River is the people who do not live

in community where the area adjoins with Lum Ta Kong River.
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1.7 Expected results

1. The indirect use value of Lam Ta Kong River will be known.

2. The factors that affect the willingness to pay for improving the quality of

Lam Ta Kong River will be the focus for further policy formulation.

3. Justification for investment of the 2nd wastewater treatment system.
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CHAPTER II

LITERATURE REVIEW

To conduct the study of valuing Lum Ta Kong River case study of Nakhon

Ratchasima Municipality, the researcher reviewed literature on theoretical concepts

and relevant research to guide the study. Relevant publications and research about the

project were compiled as follows:

2.1 Theory economic of natural resource and environmental evaluation.

2.1.1 Welfare measures for changes in prices

Ordinary consumer‘s surplus is measured by the area under a Marshalian

ordinary demand curve but above the horizontal price line. As we will see, the

consumer’s surplus measure cannot be defined in terms of the underlying utility

function. In addition, in general, it will be different from the other four measures

defined below. (Freeman, 2003)

The  other  four  measures  of  welfare  change  are  theoretical  refinements  of  the

ordinary consumer’s surplus. Each can be defined in terms of the underlying

individual preference mapping. Figure 1 shows two indifference curves for an

individual. Assume that an environmental improvement reduces the cost of producing

x1, so that its price drops from p1’ to p1”.  In  response  to  the  price  reduction,  the

individual shifts from the consumptions bundle marked A at utility level u0 to

consumption bundle B at utility level u1. What is the welfare benefit of the price

reduction to this individual? Four alternative welfare measures can be defined in terms

of good x2, which is taken to be the unmerited. The units of x2 are equal to one. Thus,

x2 can be taken to represent income. In the many-good case, x2 is a composite good

that can be treated as an index of the consumption levels of all other goods except x1.

The aggregation of all other goods into a composite good for graphical representation

is  valid  so  long  as  the  prices  of  all  of  the  goods  are  assumed  to  move  in  the  same

proportion, that is, that there are no changes in the relative prices of components of the
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composite good bundle. This assumption can be maintained because we are analyzing

only the consequences of the change in the price of x1.

Figure 2.1 Four measures of the welfare gain from a price decrease.
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The four remaining measures of welfare changes

1. Compensating Variation (CV) This measure asks what compensating payment

(that is, an offsetting change in income) is necessary to make individual

indifference between the original situation (A in Figure2.1) and the new price

set. Given the new price set with consumption point B, the individual’s income

could be reduced by the amount of CV and that person would still be as well

off at point C as at point A with the original price set and income. The measure

CV is often interpreted as the maximum amount that the individual would be

willing  to  pay  for  the  opportunity  to  consume at  the  new price  set.  However,

for a price increase, CV measures what must be paid to the individual to make

that person indifferent to the price change. For price decreases, the CV cannot

be greater than the individual’s income, but for a price increase, the CV could

exceed income.

2. Equivalent Variation (EV) This measure asks what change in income (given

the original price) would lead to the same utility change as the change in the

price of X1. As shown in Figure 2.1, given the original prices, the individual

could reach utility level u1 at  point  D with  and  income increase  equal  to  EV.

EV is the income change equivalent to the welfare gain due to the price change.

The EV measure has also been described as the minimum lump-sum payment

the individual would have to receive to induce that person to voluntarily forgo

the opportunity to purchase at the new price set. For a price increase, EV is the

maximum amount the individual would be willing to pay to avoid the change

in  prices.  Note  that  both  the  EV  and  CV  measures  allow  the  individual  to

adjust the quantities consumed of both goods in response to both changes in

relative prices and income levels. The remaining two measures are defined to

place restrictions on the individual’s adjustment of the consumption bundles.

3. Compensating Surplus (CS) This measure asks what compensating payment

will make the individual indifferent as to the original situation and the

opportunity to purchase the new quantity X1” of the good whose price has

changed. The CS measure is the vertical distance between the indifference

curves at the new quantity X1”. This is the distance from B to F in Figure 2.1

This measure is closely related to the CV measure; the only difference is the
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restriction  on  adjusting  the  purchases  of X1 in response to the compensating

change in income.

4. Equivalent Surplus (ES) This measure asks what change in income is required,

given the old prices and consumption level of X1 , to make the individual as

well off as that person would be with the new price set and consumption point

B.  In  Figure2.1,  the  ES  measure  is  the  vertical  distance  between  the  two

indifference corves, holding the consumption of good X1 at the original level,

that is, the vertical distance from A to E. The ES measure is closely related to

the  EV measure;  the  only  difference  is  in  the  restriction  on  the  adjustment  of

the consumption of X1 in  the  former  case.  The  ES measure  is  larger  than  the

EV measure for price decrease because it must include an income equivalent to

the individual’s welfare loss stemming from the inability to adjust consumption

of X1 so as to equate the marginal rate of substitution with the price ratio.

2.1.2 Types of Economic Value

The total economic value (TEV) of a natural resource can be divided into two

broad categories instrumental or use value are values related to some form of activity

or expenditure (of money or time). Values associated with outdoor recreation are the

most frequently cited examples of use values, and intrinsic or non-use (or passive use)

value are values that are not associated with any economic behaviors (Figure 2.2)

(Asafu-Adjaye, 2005)

Figure 2.2 the total economic value (TEV)

Total Economic Value

Use Value Non-use Value

Direct

Use Value

Indirect

Use Value

Bequest

Value

Existence

Value

Option
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Instrumental or use values, which are most commonly known, refer to the

capacity of a good or service to satisfy our needs or preferences. Use values can be

further divided into direct value and indirect use value (Asafu-Adjaye, 2005).

Direct use values consist of consumptive uses such as eat and non-

consumptives uses such as sink of wastewater.

Indirect use value includes environmental services such as sink of pollution

that is treat pollution.

Intrinsic or non-use value, as the name suggests, are inherent in the good. That

is, the satisfaction we derive from the good is not related to its consumption. Non-use

or passive use values comprise existence value, bequest value and option value

(Asafu-Adjaye, 2005).

Existence value arises from the benefit an individual derives from knowing

that a resource exists or will continue to exist regardless of the fact that they have

never seen or used the resource, or intends to see or use it in the future. A good

example  of  the  significance  of  non-use  value  is  the  international  outcry  over  the

whaling issue. There are many people who have never seen a whale or plan to see one,

but are willing to pay significant sums of money to ensure that whales are not hunted

to extinction (Asafu-Adjaye, 2005).

Bequest  values  arise  from  the  benefits  that  individuals  derive  from  knowing

that a resource will be available for their children and children’s children.

Option value may be defined, as the amount of money an individual is willing

to pay, at the current time, to ensure that a resource is available in the future, should

they decide to use it. To the extent that option value is the expected value of the future

use  of  the  resource,  it  may  also  be  classified  as  a  form  of  use  value  (Asafu-Adjaye,

2005).
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2.1.3 Valuation and Price of Water

In economics, there are two levels of value, which are ‘market’ values and

‘non-market’ values. In many water decisions and discussions, non-market values

often play a much bigger role than people really recognize. The difference between

market values and non-market values is extremely important for practical reasons.

Market values are revealed in exchanges of goods and services and can influence

people’s  values  to  some extent  in  their  market  behaviors.  Willingness  to  pay  a  great

amount  for  something  indicates  that  it  is  valuable.  Unwillingness  to  part  with  some

thing even when offered a substantial sum of money for it also indicates that it is

valuable.  Market  value  should  not  be  confused  with  ‘price’.  Price  represents  the

marginal value or exchanges in particular market – the value at which the last (or next)

exchange occurs. In contrast, market value refers to the total value of goods and

services exchanged in each market (Jack Moss et al cited in African Water

Development Report, 2006). For example, the first units of water a person purchases

may be of much greater value than the price they pay, even if the value of the last units

purchased is just equal to the price they pay. Similarly, the first units of water a

supplier  sells  may  cost  much  less  to  deliver  than  the  price  received,  even  if  the  last

units delivered cost about the same as the price received. The total value received by

purchasers above the total amount they pay is called “consumer surplus (CS).”

Similarly, the value received by a service provider is the difference between total

revenue and the (presumably lower) total cost of service. Economists call this

producer surplus (PS). The sum of consumer and producer surplus in each market is

the value in that market.

Non-market valuation attempts to estimate the economic value, in dollar terms,

that  members  of  society  receive  from  uses  of  water  resources  which  society  has

chosen not to allocate through markets. Most recreational fishing and boating provides

a  benefit  to  its  participants.  They  would,  if  they  had  to,  pay  more  than  the  current

nominal fishing license fee or launch fee for a benefit. The fact that they do not have

to pay "what the market will bear" results in the visitor retaining a "consumer surplus"

as extra income in their wallet or purse. In the case of recreation, economists rely on

visitor travel behavior to trace out a demand curve for water-based recreation at a

particular  site.  From  the  demand  curve,  we  can  estimate  the  additional  amount  a
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visitor would pay, if they had to, for continued access to the water-based recreation

resource.  By  observing  travel  behavior,  across  sites  with  high  in  stream  flow  versus

low in stream flow, the analyst can estimate the incremental value additional in stream

flow provides to fishing or rafting. (Loomis, 1999)

2.1.4 Non-Market Valuation Method

Non-Market Valuation Method can be broadly classified into two categories:

revealed preference (RP) models, stated (or  expressed)  preference  (SP)  models,  and

combined SP and RP models Revealed preference approaches make use of

individuals’ behavior in actual or simulated markets to infer the value of an

environmental  good  or  service.  For  example,  the  value  of  a  wilderness  area  may  be

inferred by expenditures that receptionist incur to travel to the area. The value of, say,

noise pollution may be inferred by analyzing the value of residential property near an

airport. These methods are also referred to as indirect or surrogate market approaches

(Asafu-Adjaye, 2005).

Stated Preference Method

Stated preference methods attempt to elicit environmental values directly from

respondents using survey techniques, hence the alternative name of “direct approach”.

As will be explained below, these methods are flexible and can be applied to a wider

range of environmental goods and services than RP methods. Furthermore, SP

methods can be used to estimate total economic value (i.e., use and non-use value).

Stated Preference models can be further classified into three types: contingent

valuation method (CVM) and choice experiment method (Asafu-Adjaye, 2005).

1)Choice experiment method Choice experiment approaches include conjoint

analysis and choice modeling

Steps in a choice experiment

1. Description of the decision problem

2. Attribute and level selection

3. Experimental design development

4. Questionnaire development

5. Sampling and data collection

6. Estimation procedures

7. Policy analysis and welfare calculation
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Conjoint analysis is further divide into contingent ranking, contingent rating

and paired comparison .A major difference between CVM and conjoint analysis is that

in the former respondents are required to evaluate only one or sometimes two

alternatives. On the other hand, the latter requires them to evaluate several alternatives

separately (Asafu-Adjaye, 2005).

Contingent rating, respondent are requested to rate their preferences for

several  alternatives.  A  ten-point  scale.  They are presented  with  a  set  of  attribute

associated with each alternative. The respondent ratings are then regressed against the

attributes (Asafu-Adjaye, 2005).

Contingent Ranking Method ( CRM )

Contingent ranking is also a survey-based technique designed to isolate the

value of individual product characteristics (attributes) which are typically supplied in

combination to one another. In a CRM elicitation respondents are asked to rank or rate

a series of product profiles that describe products having specific attribute levels. The

expressed trade-offs between respondents   assessments and product attributes then

can be used to estimate the marginal utility of each attribute. Since price is usually one

of the attributes, it is possible to rescale the ranking (utility) index in money terms and

so  derive  estimates  of  willingness  to  pay  for  particular  attribute  bundles  (Smith  and

Desvousges as cited in Georgiou et al, 2000).

Such ranking activities are especially useful for valuing environmental

programs, which often have several features, such as cleaner water, etc. It is thus

useful to divide the program into its different components to assess peoples

willingness to pay for each program attribute. Using this technique, we have the

advantage of allowing for the valuation of both the program as a whole and the various

attributes of the program. The technique allows respondents to systematically evaluate

trade-offs among multiple environmental attributes or among environmental and non-

environmental attributes. In addition, the tradeoff process encourages respondent

introspection and consistency checks can be made on response patterns. However, CR

elicitation  can  be  cognitively  challenging  since  some  trade-offs  are  difficult  to

evaluate or may involve some unfamiliar attributes (Smith and Desvousges as cited in

Georgiou et al, 2000).
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Using various environmental and non-environmental attributes we evaluate a

number of scenarios/programs. Each scenario/program consists of the various

attributes combined together such that variation in the choice of attributes levels gives

rise to the different scenarios/programs.

A random utility model, a widely applied model of consumer behaviors that

involves discrete choices, is used to model the observed rankings. In a random utility

model, the individual is assumed to select alternatives that provide the highest utility

level.

The theoretical basis for analysis of preferences using CR data is similar to that

of the discrete choice random utility model (RUM). Starting with binary choice RUM,

it is assumed that an equation (1) shows the probability function of an individual i

whose ranking among H choices indicates that he/she prefers attribute 1 to attribute 2,

and so on. Assuming independence of alternatives, the product of (1) yields equation

(2), which indicates the probability of a complete ordering of choices, r1 ... , rH , where

j represents all the other alternatives (Lareau and Rae, 1989).
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For N independent individuals, equation (3) is the log likelihood representation

of this probability function.
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(Lareau and Rae ,1989) showed that if the indirect utility function U is written linearly

such as equation
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where ej = attributes j

c  =  expenses

y  =  income

Sk  = social characteristic k

The WTP for each  attribute can be obtained by calculating the marginal rate of

substitution between the recreational attribute in question and cost , that is

( ) ( )ISWTP kkj
qmga ++-= å /

A likelihood function can then be derived defining the joint probabilities of the

rank orderings as a function of the parameters of the indirect utility function (assuming

the indirect utility function V is linear in parameters). Maximum likelihood estimation

can then be used to find the coefficients of the indirect utility function that maximize

the probability that a given respondent ranks the choices in the order that they are

actually  selected.  This  enables  one  to  estimate  the  marginal  rates  of  substitution

between scheme attributes. As such it is possible to get valuations of the individual

scheme attributes as well as for the scheme as a whole (Lareau and Rae, 1989).

Choice modeling was initially used in the field of marketing to analyst

consumer  choices.  Since  then,  a  few  studies  have  used   the  method  to  value

environment goods and services. In this approach, respondents are presented with a

series of alternatives, with each containing three or more resource use options. Usually,

a number of attribute defines each alternative. For example, in a CM study of

preserving a wilderness area the attributes could be the following: numbers of rare

species present; east of access to the area, size of area and cost to household. These

attributes would then be varied across the various alternatives. The respondents are

then required to choose their most preferred alternative (Asafu-Adjaye, 2005).
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2) The Contingent Valuation Method

The CVM uses interview techniques to ask individuals to place values on

environmental goods or services. The term “contingent” in CVM suggests that it is

contingent on simulating a hypothetical market for the good in question. The most

common approach in the CVM is to ask individuals the maximum amount of money

they are willing to pay to use or preserve the given goods or service. Alternatively, the

respondents could be asked the maximum amount of money they are willing to accept

in  compensation  (WTA)  to  forgo  the  given  environmental  goods  or  service.  Typical

steps in a CVM procedure are as follows: (Freeman, 2003)

1. Set up the hypothetical market;

2. Obtain the bids;

3. Estimate mean WTP and/or WTA; and

1. Setting up the hypothetical market

The first  step  is  to  establish  a  reason  for  a  good or  service  where  there  is  no

current payment. Suppose there is a government proposal to mine, say, a wilderness

area. Assuming few people actually visit the area, the analyst would describe the area

and the impacts of the proposed project on the environment. Pictorial aids could also

be used in setting up this hypothetical market.

2. Obtaining the bids

The second step is to decide on a suitable “bid vehicle”. This is the method by

which the WTP or WTA bids would be elicited. Possible bid vehicles could include

income taxes, property taxes, utility bills, entry fees, and payments into a trust fund.

Methods of obtaining bid include the following:

Bidding game, individuals are first asked whether they would be willing to

pay $X. If the individual answer yes, the question is repeated with a higher price. The

procedure is repeated until the individual answers no. This highest price with a yes

response is interpreted as the maximum WTP. If the original response is no, the

iteration proceeds downward until a yes response is received.

Payment Cards: A CV question format in which individuals are asked to

choose a willingness to pay point estimate (or a rang of estimates) from a list of values

predetermined by the surveyors, and shown to the respondent on a card.
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Open Ended CV: Data gained from open-ended value questions are the

simplest to interpret. Each respondent is typically asked to state his or her maximum

willingness to pay for an environmental improvement. The Open-Ended Question

cannot be answered with a simple yes or no ,then is might be make strategic bias, more

likely the respondent may need a reference point to bound value judgement. In

addition, that open-ended question produces more missing data than close-ended.

Close-ended questions: The close-ended questions use the open-ended

questions interviews in the pretest survey questions for finding initial bid then it

decrease strategic bias in the questionnaire. In large-scale surveys, closed-ended

questions take less time from the interviewer, the participant and the researcher, and so

is a less expensive survey method.

Single- bound CV

The Single- bound CV is respondents face a single question of the form " Are

you willing to pay X? " with the bid level X begin varied across the sample.

Double-Bounded CV

The double-bounded version of discrete response CV, proposed by (Hanemann

and Kanninen ,1996) follows up on the initial question with a second question, again

involving a specific cost to which the respondent can respond with a "yes" or a "no."

Let A denote the amount of the first bid. The amount presented in the second bid

depends on the response to first bid; if the individual answered "no" to A, the second

bid  is  some  lower  amount  Ad <  A,  while  if  she  answered  "yes"  it  is  some  higher

amount Au > A. Thus, there are four possible response sequences: (a) both answers are

yes; (b) both answers are no; (c) a yes followed by a no; and (d) a no followed by a yes.

Following the logic of (6b), for any given underlying WTP distribution GC(·), the

probability of the responses is given by

Pr{yes/yes} @ Pyy   (WTP≥ Au) =   1 - GC(Au)

Pr{no/no} @ Pnn (WTP < Ad)  =   GC(Ad)

Pr{yes/no} @Pyn  (A ≤WTP≤ Au)  = GC(Au) - GC(A)

Pr{no/yes} @Pny (Ad ≤WTP≤ A)  =   GC(A) - GC(Ad).
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Figure 2.3 the double-Bounded CV

Given these, the log-likelihood function for the double-bounded model is

In L = å [  Iyy In Pr yy +  Iyn In Pr yn +  Iny In Prny  +   Inn In Prnn ]

Basic Principles of Optimal Design

Using maximum likelihood, (Hanemann, Loomis and Kanninen, 1991) and

compared this double bounded model with a single-bounded model estimated from the

responses to the initial bid, using the logit model. With the hindsight of the field

survey results, an optimal design would have used a higher initial bid. The double-

bounded format corrected for this on the second bid—the follow-up bid Au came

closer to where an optimal design would have placed the bid, and this helped

considerably  to  pin  down  the  estimate  of  median  WTP.  In  effect,  Au provides

insurance against too low a choice of A, and Ad provides insurance against too high a

choice of A.

Optimal design may seem odd to an econometrician used to taking the data as

given. However, in a discrete response CV experiment the researcher has the

opportunity to influence the data by setting the bids. To do this optimally, the

researcher must first make an assumption about the form of the underlying WTP

distribution and the value of its parameters. Moreover, the researcher must decide

which particular welfare measure she wishes to estimate, and must select a particular

criterion for the precision of the estimate. Those decisions will reflect her interests and

Bid upper, Au Bid down, Ad

YY YN NY NN

Bid original, A
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priorities. For example, she might be concerned to reduce the variance of the estimate

of median WTP. This implies minimizing the asymptotic variance of the median, for

the logit model, with respect to the bid values.

Table 2.1 Optimal bid - single-bounded logit model

  (α = 2.5, β = -0.01, median WTP = $250, 250 observations)

Bid Design % Bias α % Bias β % Bias

Median WTP

Asymptotic

Variance of

Median WTP

$200, $300

(38%, 62%)

0.83% -0.83% 0.00% 170.21

$100, $400

(18%, 82%)

1.14% 1.14% 0.00% 268.19

$5, $500

(8% , 92%)

1.90% -1.90% -0.03% 588.60

$5, $200,$300, $500

(8%,38%,62%,92%)

1.94% -1.95% 0.00% 258.85

$300, $400, $500

(62%,82%, 92%)

4.15% -3.62% 0.51% 1779.19

   Source : Hanemann and Kanninen (1996)

Table 2.3 presents estimates of bias and variance for parameter values and

welfare  measures  in  the  logit  model  for  several  alternative  bid  designs.  The  first  and

third designs (two bid) and fourth design (four bid) design are symmetric, in that the

bid values are spaced symmetrically around the median WTP. The fifth design is an

asymmetric, one-sided design of median WTP, there not optimal because bias and

variance more than symmetric.

With the double-bounded model, experimental design involves the

specification of three bid amounts per observation. Although each respondent is

offered only two bids, an initial and a follow-up (follow-up bid composed higher bid

and lower bid) but it is not known which follow-up bid amount will be offered.
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Table 2.2 Analytical bias and asymptotic variance of WTP - double-bounded logit

model

       α = 2.5, β = -0.01, median WTP = $250, number of observations =250

Bid Design % Bias α % Bias β % Bias

Median WTP

Asymptotic

Variance of

Median WTP

B = $250 (50%)

Follow-up = B ± $100

0.53% -0.53% 0.00% 128.15

B = $250 (50%)

Follow-up = B ± $200

0.56% -0.56% 0.00% 135.41

B = $250 (50%)

Follow-up = B+ $250or

B - $245

0.66% 0.66% 0.00% 141.45

B = $300, $400, $500

Follow-up = B ± $100

0.90% -0.81% 0.09% 217.11

Source : Hanemann and Kanninen (1996)

Table 2.4, which parallel Table2.3 for the single-bounded logit mode, presents

calculations of the bias and asymptotic variance of the maximum likelihood estimator

for the double-bounded logit model. In the first three examples, the initial bid amount

is the median value and the follow-up bid amounts are placed at increasing distances

from the median value. In this case, first design most optimal bid because the biases

and the asymptotic variance are less than any of the cases where the initial bid is the

median value.
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Table 2.3 Some optimal designs for double bounded CV data.

     Logit Models Probit Models

Design

Criterion

Criterion

description

Double bounded

Bid design (in

percentiles)

Double bounded

Bid design (in

percentiles)

D-optimal Maximize

Determinant

of Fisher

Information

matrix

B   =  50.0 %

Bup = 87.9 %

Bdn = 12.1 %

B   =  50.0 %

Bup = 91.7 %

Bdn = 8.3 %

C-optimal Minimize variance

of

median WTP

B   =  50.0 %

Bup = 75.0 %

Bdn = 25.0 %

B   =  50.0 %

Bup = 83.7 %

Bdn = 16.3 %

Source : Hanemann and Kanninen (1996)

Table 2.5 have interesting implications for the importance of "bounding"

individuals’ WTP values, The initial bid amount is the median value, and follow-up

bid amounts are symmetrically placed around the median and difference in follow-up

bid. The D-optimal bid design for the logit model "bounds" slightly over 75% of the

respondents’ WTP values, while that for the C-optimal bid design "bounds" exactly

half. A general rule of thumb might be that it is best to bound between 50% and 75%

of observations. Note that this implies that the follow-up bids should not be so high or

so low that all observations are bounded.
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3. Estimating mean WTP and/or WTA

Each distribution has different probability distributions with its parameters by

the mean may generally be obtained

( ) ( )dxxxfXE ò
¥

¥-

=

where; E(X)  = mean of X

    X   = WTP

 f(x)  = density of probability distribution

Problem with the contingent valuation method

Starting point bias: the starting point given to respondents can influence the

final bid tendered. Either this is because of impatience on the past of respondents or

because the starting point suggests what size of bid is appropriate (which is likely

when respondent have no experience of trading with the resource in question) (Asafu-

Adjaye, 2005).

Strategic bias will reflect what respondents feel will be done with their answer.

If they feel they may actually have to pay the amount they answer, they may

undervalue their true response. If they feel that high answers will bring about changes

they would like to see but they know they will not actually have to pay this amount,

they may overstate the amount they would actually be willing to pay. (Chowdhury,

1999)

Hypothetical bias is another problem in survey techniques in general. People

may not give answers which reflect their true value, particularly if they have no

incentive to answer correctly questions which take time and thought (Chowdhury,

1999)

Embedding effect: embedding effect is occur when an individual’s WTP is

lower when it is valued as part of more inclusive good or service, rather than on its

own. It has been suggested that embedding effect occurs because people are seeking a

“feel good” or “warm glow” associated with contributing to a “good” cause. Some

researchers attribute embedding to the existence of substitutes. That is, people will

reduce their WTP if they are aware of substitutes. Embedding effect is minimized in

CM because it allows explicit inclusion of substitutes (Chowdhury, 1999).
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Bid vehicle bias: the CVM depends on a “vehicle”, that is, a means by which

the stated hypothetical amounts would be collected. An individual who dislikes a

particular kind of vehicle (e.g., higher taxes) may understate his or her WTP. In some

areas, respondents might be dissatisfied with the way their government is using their

taxes and therefore such a vehicle might invoke a negative response (Asafu-Adjaye,

2005).

Information bias: because a CVM is conducted by creating hypothetical

scenarios, this scenario must be conveyed to the respondent by providing information.

The quantity, quality and sequencing of this information can influence the bids.

Insufficient information will make it difficult for the respondent to properly value the

given  good  if  he  or  she  has  no  prior  knowledge  of  it.  On  the  other  hand,  too  much

information would be definite source of bias. One way of minimizing this kind of bias

is to provide enough information to model the real context of the valuation exercise.

(Asafu-Adjaye. J, 2005)

Protest zeros occur when respondents reject some aspect of the constructed

market  scenario  by  reporting  a  zero  value  even  though  they  place  a  positive  on  the

amenity or resource being valued. One approach is to ask every respondent who gives

a zero value to indicate a reason for doing so (Asafu-Adjaye, 2005). For example,

respondents could be asked the following question:

Which statement best expresses your reason for giving a zero response

1. I cannot afford to pay for the good.

2. The good is not important to me.

3. I do not think that I should have to pay for the good.

Responses  of  those  choosing  the  third  statement  would  be  classified  as  protest  zeros

and deleted from the sample, while responses of those choosing the first and second

would be considered valid zeros. (Freeman, 2003)

The contingent valuation method (CVM) and contingent ranking method

(CRM)  can  explain  the  opinion  and  the  feeling  of  people  in  the  environments  to

translation to money by using questionnaire. The contingent valuation method is best

able to estimate values for goods and services that are easily identified and understood

by user but it is much bias, but contingent ranking method (CRM) respondents to think

in terms of tradeoffs, which may be easier than directly expressing money values. The
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tradeoff process may encourage respondent introspection and make it easier to check

for consistency of responses.  In addition, respondents may be able to give more

meaningful answers to questions about their behavior (i.e. they prefer one alternative

over another), than to questions that ask them directly about the money value of a

good or service or the value of changes in environmental quality.  Thus, an advantage

of this method over the contingent valuation method is that it does not ask the

respondent to make a tradeoff directly between environmental quality and money.

According to this study is present comparison the value of Lum Ta Kong by

contingent valuation method (CVM) with contingent ranking method (CRM) because

the both method can expressed the directly value of people, that it is appropriate

comparison of these two method.

Revealed Preference Model

Revealed Preference models, also known as indirect valuation method, look for

related or surrogate markets in which the environmental good is implicitly traded.

(Lancaster as cited in Birol, Karousakis, and Koundouri, 2006). Revealed Preference

models include the travel cost method, the hedonic price method, market value or cost

method and the benefit transfer method.

1) Travel Cost Method (TCM)

The travel  cost  method (TCM) is  used  to  estimate  use  values  associated  with

ecosystems or sites (such as forests, wetland, parks, and beaches) that are used for

recreation to which people travel for hunting, fishing, hiking, or watching wildlife.

The  basic  premise  of  the  TCM  is  that  the  time  and  travel  cost  expenses  that  people

incur to visit a site represent the “price” of access to the size. Thus, peoples’ WTP to

visit the site can be estimated based on the number of trip that they make at different

travel costs (CGER as cited in Birol, Karousakis and Koundouri, 2006)

There are two forms of the travel cost method: the zonal travel cost method

(ZTCM) and the individual travel cost method (ITCM). In the zonal travel cost

approach (Smith and Kaoru, 1990), concentric zones are defined around each site such

that the cost of travel from all points in a given zone is approximately constant.

Visitors to the site are grouped according to their zone of origin. By compare the cost

of coming from a zone. The ITCM used the number of visits per annum made by
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individual rather than zonal visits, as the basis for generating the demand curve

(Asafu-Adjaye, 2005).

The method can be used to estimate the economic benefits or costs resulting

from changes in access costs for a recreational site, elimination of an existing

recreational site, and addition of a new recreational site and changes in environmental

quality at a recreational site. There are however several limitation to TCM. Defining

and measuring the opportunity cost of time is complicated since there is no strong

consensus on appropriate measure. Substitute sites are only taken into account in the

random utility  approach  to  TCM, which  uses  information  on  all  possible  sites  that  a

visitor might select their quality characteristics, and the travel costs to each site. This

approach yields information on the value of characteristics in addition to the value of

the site as a whole. TCM however can only be used to value goods consumed in situ

and, similar to HPM, it cannot capture the non-use values of environmental resources.

In this study can not use travel cost method because the people in Nakhon

Ratchasima Municipal area not travel to Lum Ta Kong River in Nakhon Ratchasima

Municipal area then its can not found travel cost, expense, and time cost to travel Lum

Ta Kong River.

2) Hedonic pricing method (HPM)

The hedonic pricing method is used to estimate economic values for

environmental services that directly affect market prices.  It is most commonly applied

to variations in housing prices that reflect the value of local environmental attributes.

It can be used to estimate economic benefits or costs associated with: environmental

quality, including air pollution, water pollution, or noise, environmental amenities,

such as aesthetic views or proximity to recreational sites ( King and Marisa, 2001)

The basic premise of the hedonic pricing method is that the price of a marketed

good is related to its characteristics, or the services it provides.  For example, the price

of a car reflects the characteristics of that car—transportation, comfort, style, luxury,

fuel economy, etc.  Therefore, we can value the individual characteristics of a car or

other good by looking at how the price people are willing to pay for it changes when

the  characteristics  change.   The  hedonic  pricing  method  is  most  often  used  to  value

environmental amenities that affect the price of residential properties. The scope of

this method that can be measured is limited to things that are related to housing price
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and will only capture people’s willingness to pay for perceived differences in

environmental attributes.

The housing prices of near Lum Ta Kong River not difference the other

housing prices in Nakhon Ratchasima Municipals that is the people’s willingness to

pay aren’t aware of the linkages between the environmental attribute and benefits to

them or their property, the value will not be reflected in home prices.

3) Market Value Method

The market price method estimates the economic value of environmental that

are bought and sold in markets. The market price method can be used to value changes

in either the quantity or quality of a good or service.  It uses standard economic

techniques for measuring the economic benefits from marketed goods, based on the

quantity people purchase at different prices, and the quantity supplied at different

prices (King and Marisa, 2001).

Examples water pollution has caused the closure of a commercial fishing area,

and agency staffs want to evaluate the benefits of cleanup then it can use market price

method because the primary resource affected is fish that are commercially harvested,

and thus market data are the amount of fishing and available market price of fish in the

market. It can present to the value of environment.

Valuing Lum Ta Kong River in market value method market data may only be

available for a limited number of goods and services provided because Lum Ta Kong

river  have  not  fishery  and  have  not  result  of  amount  fish  in  Lum  Ta  Kong  River

certainly. Then this study cannot use market value method because it may not reflect

the value of all productive uses of a resource.

4) Production function approach

The net factor income, derived value, or productivity method is used to

estimate the economic values of environmental that contribute to the production of

commercially marketed goods.  It is applied in cases where the environmental are used,

along with other inputs, to produce a marketed good (King and Marisa, 2001).

For example, water quality affects the productivity of irrigated agricultural

crops, or the costs of purifying municipal drinking water. Thus, the increased revenues

from greater agricultural productivity, or the decreased costs of providing clean

drinking water can measure the economic benefits of improved water quality.
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If a natural resource is a factor of production, then changes in the quantity or

quality of the resource will result in changes in production costs, and/or productivity

of other inputs.  This in turn may affect the price and/or quantity supplied of the final

good.  It may also affect the economic returns to other inputs.

This study can not use production function method because the water of Lum

Ta Kong River in Nakhon Ratchasima Municipal area can not use supply to

consumptions, and have a few of agricultural productivity. Then it cannot find costs of

productivity of inputs.

5) Replacement cost method

The  replacement  cost  method  uses  the  cost  of  replacing  an  ecosystem  or  its

services  as  an  estimate  of  the  value  of  the  ecosystem  or  its  services.  Similarly,  the

substitute  cost  method  uses  the  cost  of  providing  substitutes  for  an  ecosystem  or  its

services as an estimate of the value of the ecosystem or its services.  For example, the

flood protection services of a wetland might be replaced by a retaining wall or levee

(King and Marisa, 2001).

Because these methods are based on using costs to estimate benefits, it is

important to note that they do not provide a technically correct measure of economic

value, which is properly measured by the maximum amount of money or other goods

that a person is willing to give up to have a particular good, less the actual cost of the

good. Instead, they assume that the costs of replacing natural assets or their services

provide useful estimates of the value of these assets or services.  This is based on the

assumption that, if people incur costs to replace the services of ecosystems, then those

services must be worth at least what people paid to replace them. This assumption may

or  may  not  be  true.   However,  in  some  cases  it  may  be  reasonable  to  make  such

assumptions, and measures of replacement cost are generally much easier to estimate

than people’s willingness to pay for certain ecosystem services.  The methods are most

appropriately applied in cases where replacement expenditures have actually been, or

will actually be, made.
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6) Cost-of-illness (COI) method

Another approach is the cost-of-illness (COI) method in which the benefits of

pollution reduction are measured by estimating the possible savings in direct out-of-

pocket expenses resulting from illness (e.g., medicine doctor and hospital bills) and

opportunity costs (e.g., lost earnings associated with the sickness) (CGER as cited in

Birol, Karousakis and Koundouri, 2006).

The data for COI studies can be retrieved from, for example, national health-

care statistics, patient registers, insurance databases and patient charts or directly from

the patients themselves. For example, use statistical databases and registers to estimate

costs  for  a  given  prevalence  sample.  Their  weakness  is  that  all  costs  are  usually  not

included in such databases and the total costs may be underestimated.

For example, collect data directly from a patient sample and their challenge is

to ensure that the sample is unbiased and representative for the entire patient

population if extrapolated to national level.

The people in Nakhon Ratchasima Municipals can not use Lum Ta Kong River

consumption so long ago then the cost of illness method can not appropriate because

its not reflected cost of illness true from Lum Ta Kong River pollution. Moreover

databases  of  illness  can  not  divide  individual  illness,  the  one  patient  might  be  many

illness but in the insurance databases can not divide, it present the total price of admit

in hospital thus the database might be bias.

7) Benefit transfer method

The  benefit  transfer  method  is  used  to  estimate  economic  values  for

environmental by transferring available information from studies already completed in

another location and/or context. For example, values for recreational fishing in a

particular state may be estimated by applying measures of recreational fishing values

from a study conducted in another state (King and Marisa. 2001).

Thus, the basic goal of benefit transfer is to estimate benefits for one context

by adapting an estimate of benefits from some other context.  Benefit transfer is often

used when it is too expensive and/or there is too little time available to conduct an

original valuation study, yet some measure of benefits is needed. The Benefit transfer

may not be accurate, except for making gross estimates of recreational values, unless
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the  sites  share  all  of  the  site,  location,  and  user  specific  characteristics.  Then  this

methods can not appropriate in this study.

Table 2.4 Components of TEV of water resources and appropriate economic

valuation methods.

TEV component Economic valuation

methods

Direct use value

Irrigation for agriculture PF, NFI, RC, MP

Domestic and industrial water supply PF, NFI, RC, MP

Energy resources (hydro-electric, fuel wood, peat) MP

Transport and navigation MP

Recreation/amenity HP, TC, CVM, CEM

Wildlife harvesting MP

Indirect use value

Nutrient retention RC, COI

Pollution abatement RC, COI ,CVM, CEM

Flood control and protection RC, MP

Storm protection RC, PF

External eco-system support RC, PF

Micro-climatic stabilizations PF

Reduced global warming RC

Shoreline stabilization RC

Soil erosion control PF, RC

Option values

Potential future uses of direct and indirect uses CVM, CEM

Future value of information of biodiversity CVM, CEM

Non-use value

Biodiversity CVM, CEM

Culture heritage CVM, CEM

Bequest, existence and altruistic values CVM, CEM

Source   Adapted from Barbier (1991), Barbier et al.(1997), Woodward and Wui

(2001), Brouwer et al (2003), and Brander et al (2006) as cite in  Birol,

Karousakis and Koundouri, 2006
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Acronyms refer to production function (PE), net factor income (NFI),

replacement cost (RC), market prices (MP), cost-of-illness (COI), travel cost method

(TCM), hedonic pricing method (HP), contingent valuation method (CVM), and

choice experiment method (CEM).

2.2 Investment criteria

Once  the  value  flow  table  has  been  set  up,  it  is  necessary  to  evaluate  the

projects of benefits and costs in order to compare alternative projects. Benefit-cost

analysis is a systematic way to do this comparison. In practice, there are three

principle  value  measures  used  in  benefit-cost  analysis:  Net  present  Value  (NPV),

Internal Rate of Return (IRR), and Benefit-Cost ratio (B/C ratio). All three are

calculated using the same data (Helmers,1979).

The commonly use criteria are based on the time value adjustment as follows

2.2.1 Net present value (NPV)

Net present value (NPV) also knows as net present worth (NPW), this measure is

based on the desire to determine the present value of the net benefits from a project. If

the goal of the analysis is to determine the total net contribution (net benefits) of a

project to society, the NPV criterion provides a consistent ranking among alternatives.

The formula for the NPV calculation is as follows:

or

where

                Bt  = benefit in year t

                                                    Ct = cost in year t

                                                      r = discount rate

      t = time, year t

      n = period project
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2.2.2 Internal rate of return (IRR)

Many international development banks frequently use the IRR to evaluate

project.  Unlike  the  NPV  or  B/C  ratio,  the  IRR  does  not  use  a  predetermined  the

discount rate. Rather, the IRR determines the discount rate the sets the present value of

benefits just equal to the present value of costs.

The  IRR  therefore  uses  the  same  basic  information  as  is  used  in  a  NPV

calculation. Although the discount rate is not prescribed but is determined as a result

of the calculation, this does not do away with the use of a prescribed discount rate or

financial interest rate. In an analysis using the IRR measure, the calculated IRR is

compared to some prescribed discount rate to desire whether or not the project is an

attractive.

2.2.3 Benefit-Cost ratio (B/C ratio)

This ratio compares the present value of benefits to the present value of cost:

In the B/C ratio is grater than 1, the present value of benefits is greater than the present

value of costs, and the project meets the criterion for profitability.
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Net present value = Present value of benefits – Present value of costs

Internal rate of return = That discount rate which results in:

Present value of benefits = Present value of costs

Benefit-cost ratio =   Present value of benefits

                                                   Present value of costs

2.3 Wastewater

Water pollution is concern throughout Thailand, and stems from the following

three main wastewater sources: communities, industry, and agriculture. (Pollution

Control Department, Thailand)

Type of wastewater

Wastewater can typically be categorized as originating from community,

industrial, or agriculture sources.

1) Community Wastewater

Community’s wastewater contains polluting substances that are easily analyzed.

The nature of community wastewater depends on:

Types of community Limited water supply in community will cause higher

intensity of polluting substance than communities that have unlimited or large water

supply per capita.

Sewage system The intensity of polluting substances will generally be stable if

a community’s wastewater system is separate source road sewer, industrial systems,

and other source of pollution. The length of the sewer system also plays an important

role, as longer Sewage systems provide more opportunities for wastewater to become

soiled and bacterialized. This creates stronger and more unpleasant smells.

Community wastewater can be categorize into 3 major types

Sanitary wastewater disposed from typical home uses such as laundry, kitchens

or domestic sanitation.

Domestic wastewater also known as community wastewater that is commonly

derived from residential areas, markets, or hospitals.
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Municipal wastewater within a municipal sewage system is normally domestic

wastewater, but some municipalities also allow industrial wastewater into the domestic

system. This increases the amount of toxins in domestic wastewater.

2) Industrial wastewater

Industrial wastewater typically contains substances derived from raw materials,

intermediate products, byproducts, and end products of the industries’ manufacturing

or production processes. Industrial wastewater changes with changing production

mixes  and  schedules.  That  wastewater  is,  therefore,  more  variable  than  domestic

wastewater. Food-processing wastes that typically contain high concentrations of

soluble organic constituents.

3) Agricultural wastewater

Agriculture activity, which domestic animals, aquatic animals and cultivating

might cause the wastewaters that have not highs dirty but there is a large amount.

Agricultural production in Thailand has expanded dramatically through the application

of chemical fertilizers and pesticides. The use of these substances in agriculture can

have both benefits and serious consequences for water resource in Thailand. For

example, when pesticides are sprayed on crops, most of this material collects on the

plants or on the ground. Pesticide residues can also be flushed into community water

supplies by rain or the application of irrigation water, however, and this can affect

both humans and aquatic animals. The use of fertilizers containing nitrogen and

phosphorus can also affect water supplies if improper amount are applied or if excess

runoff occurs. Excess nutrients runoff can produce eutrophication that causes aquatic

plants and plankton to grow very rapidly. Dissolved oxygen levels can be dramatically

reduced by eutrophication and the decomposition of aquatic plants, and this process

can severely affect aquatic animals such as fish from a lack of oxygen
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2.4 Wastewater Treatment System

2.4.1 Stabilization ponds

Ponds are a popular alternative to other biological treatment systems in

countries where there is plenty of sunshine and where land is both cheap and readily

available (Gray, 1989).

A similar  to  the  activated  sludge  process  but  differ  in  that  pond have  a  much

longer retention period, a lower loading rate, a less active microbial biomass, require

less aeration due to a lower oxygen demand from the biomass; and the lower aeration

results  in  less  mixing  and  agitation  with  the  result  that  particulate  solids  settle  and

form a sludge layer in which anaerobic breakdown occurs. The type of biological

activity that occurs, for example, whether breakdown is primarily anaerobic and the

importance of algae in the process most conveniently classifies stabilization ponds.

Figure 2.4 Waste stabilization ponds

1) Anaerobic ponds and lagoons

Treatment in lagoons, which are designed to be predominantly anaerobic, relies

on the development of a biologically active sludge layer. The sludge takes several

months to build up before maximum biological activity is reached. The design criteria

for anaerobic lagoons are different compared with other stabilization pond system; the

main difference being depth. Oxygen transfer through the air-water interface is not

important  in  anaerobic  ponds  and,  in  fact,  is  undesirable.  Therefore,  deep  basins  are

used up to 4.5 m in depth in order to reduce the surface area to volume ratio

Waste

stabilization

Ponds

Anaerobic lagoon

Oxidation ponds

Aeration lagoon Purification Lake

Maturation pond

High-rate aerobic

Facultative pond
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minimizing reaeration and heat loss. Three identifiable zones are observed in lagoons,

the scum layer, the supernatant layer that contains about 0.1% volatile solids, and the

sludge layer with 3-4% volatile solids (Gray,1989).

Anaerobic lagoons are generally used as a preliminary treatment for strong

organic wastes. This means that the lagoon only partially stabilizes the wastewater and

secondary aerobic treatment is required before discharge to natural waters, either in

the  form  of  facultative  ponds  in  series,  or  activated  sludge.  However,  anaerobic

treatment can considerably reduce the organic loading to secondary treatment units,

thus reducing the secondary treatment capacity required. If the subsequent aerobic

treatment process is a facultative pond, then the sludge will be less likely to rise to the

surface in warm weather as the sludge has already undergone anaerobic breakdown.

2) Oxidation pond

The oxidation pond is designed to provide aerobic breakdown of organic

matter in wastewater, with a significant proportion of the dissolved oxygen provided

by photosynthetic algae. Three type of stabilization ponds fall into this: facultative

pond; high-rate aerobic lagoons; and maturation ponds (Gray, 1989).

1) Facultative ponds

Facultative stabilization ponds are characterized by having an upper aerobic

and a lower anaerobic zone, with active purification occurring in both. They are able

to treat completely both crude sewage and organic industrial wastewater, and are the

commonest type of stabilization pond in use. As organic matter enters the basin, the

settle able and flocculated colloidal matter settles to the bottom to from a sludge layer

where organic matter is decomposed anaerobically. The remainder of the organic

matter, which is either soluble or suspended, passes into the body of the water where

decomposition is mainly aerobic or facultative, although it is occasionally anaerobic.

The principles of the pond are summarized in Figure 2.4 Principally aerobic and

facultative bacteria break down organic matter in solution or suspension, which

releases nitrogen and phosphorus compounds for growth using sunlight for energy and

releasing oxygen into solution. The aerobic bacteria, thus completing the symbiotic

cycle, then utilize the dissolved oxygen (Gray, 1989).
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2) High-rate aerobic ponds

These ponds are not designed for optimum purification efficiency but for

maximum algal production. The algae are harvested for a variety of uses and are often

sold to defray operational costs. The ponds are shallow lagoons 20-50 cm deep, with a

retention period of 1-3 days. The whole pond is kept aerobic by maintaining a high

algal concentration and by using some form of mechanical mixing. Mixing, which is

normally carried out for short periods at night, prevents the formation of a sludge layer.

Mixing may also be required for short periods during the day to prevent a rise in pH in

the surface water due to photosynthesis. The pond is commissioned in the same way as

a facultative pond except that continuous loading should not be permitted until an

algal bloom has developed (Gray, 1989).

3) Maturation ponds

Maturation ponds are widely used throughout the world as a tertiary treatment

process for improving the effluent quality from secondary biological process. Effluent

quality is improved by removing suspended solids, reducing ammonia, nitrate and

phosphate concentration, and by reducing the number of enteric micro-organisms.

They are the same depth as facultative ponds, 1.0-1.5 m, although shallower ponds are

used where isolation is high in order to achieve maximum light penetration. Unlike

high-rate aeration ponds, maturation or tertiary lagoons are specially designed for

maximum purification and not algal production (Hawkes as cited in Gray, 1989). The

retention period is normally 10-15 days, although shorter periods can be used for

suspended solids (4 days) or phosphate removal (7-10 days) (Gloyna ; Tom et al. as

cited in Gray, 1989 ).

4) Purification Lake

The development of large impounded lakes to remove and degrade the residual

pollution from a river is becoming increasingly popular. Such lakes are very similar to

maturation ponds. For examples, Lake Baldeney (Germany) provides an area of 4488

km2, with Lake Baldeney alone providing a purification capacity in the order of

100,000 BOD PE (population equivalent) per day. On the river Tame, UK, a polluted

tributary of the river Trent in the West Midland, a purification lake has also been built.

The River Trent receives vast quantities of sewage and industrial effluent reaching in

excess of 80% of the total volume of the river at low flows (Gray, 1989).
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3) Aeration lagoons

Aeration lagoons are used for the first-stage treatment of sewage or the

pretreatment of industrial wastewater before secondary treatment, such as a facultative

pond or activated sludge. The basins are deeper than other types of stabilization ponds,

3.0-3.7 m, with oxygen being provided mechanically and not by the photosynthetic

activity of algae. Oxygen is normally provided by mechanical pier-mounted or floating

surface aerators, which ensures that the microbial biomass is kept in suspension and

that sufficient dissolved oxygen is provided for maximum aerobic activity. Bubble

aeration, provided by compressed air pumped through plastic tubing laid across the

bottom of the pond is also used (Gray, 1989).

A predominately-bacterial microbial biomass develops and as there is no

provision for settlement or sludge return, the process relies on sufficient mixed liquor

developing in the basin. Retention times vary between 3-8 days depending on the

degree of treatment required, the temperature, and strength of the influent wastewater.

A retention time of 5 days at 20 C provides an 85% reduction in the BOD of domestic

sewage, although a fall in temperature by 10 C results in a reduction in BOD removal

to 65% (Hammer as cite in Gray, 1989). Bubble aeration is most successful in keeping

ponds aerobic in locations where pond surfaces are frozen for several months in the

winter. Under these conditions, surface aerators cannot operate due to ice formation.

The fall between the activated sludge process and facultative oxidation ponds.

If  the  degree  of  agitation  is  sufficient  then  all  the  solids  may  be  kept  in  suspension

under aerobic conditions corresponding to the activated sludge process. In systems

with less efficient agitation, the solids may tend to settle and form an anaerobic sludge

layer similar to facultative oxidation ponds. Where the aeration is inadequate, then

enhanced deposition of particulate solids and the reduced dissolved oxygen

concentration  in  the  basin  will  lead  to  anaerobic  conditions,  a  loss  of  efficiency  and

the production of odors. Therefore, sufficient agitation and mixing coupled with a

strict loading regime are required for the successful operation of aeration lagoons

(Gray, 1989).
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2.4.2 Activated sludge

The activated sludge process is the most widely used biological wastewater

treatment process today, treating both domestic and industrial wastewaters. The

process is more than simply a refinement of the percolating filter process, it is

conceptually a very different treatment system Whereas fixed-film reactors can be

compared with the periphyton growing over the surface of stones and submerged

plants in rivers, the activating sludge process utilizes the dispersed bacterial flocs and

free-living  micro-organisms  that  are  suspended  within  the  body  of  the  water  (Gray,

1989).

The process relies on a dense microbial population being mixed with the

wastewater under aerobic conditions. With unlimited food and oxygen, extremely high

rates of microbial growth and respiration can be achieved, resulting in the utilization

of the organic matter present either as oxidized end products (CO2, NO3,SO4,PO4) or

the biosynthesis of new micro-organisms.

The activated sludge process consists of two phases, aeration and sludge

settlement. In the first phase, wastewater is added to the aeration tank containing the

mixed microbial population and air is added either by surface agitation or via diffusers

using compressed air. The aeration has a dual ..

The removal mechanism, assimilation or mineralization, can be selected by

using specific operating conditions with certain advantages and disadvantages. For

example, the most rapid removal of nutrients is achieved by removing organic matter

by assimilation only, where it is precipitated in the form of biomass. Such process

produce considerable surplus sludge, which requires a higher proportion of the

operating costs to be spent on sludge separation and disposal. Complete oxidation

(mineralization) of wastewater
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2.5 Characteristics of the study site

Locates

Nakhon Ratchasima   popularly   known as “Korat” situated on Korat plateau,

about 255 kilometers northeast of Bangkok, and in 1983 Public policies of government

to  support  Nakhon  Ratchasima  is  a  city  center  northeast  past  of  Thailand  for

development. In 1982, the Department of Town and Country Planning has study and

prepare the overall city plan for Nakhon Ratchasima Province, extended area from

4.397 sq. km to 37.5 sq. km., and consisting of 72 communities, and have the Lum Ta

Kong River runs though north past of Nakhon Ratchasima Municipality (Nakhon

Ratchasima Municipality, 2006).

Figure 2.5 Lum Ta Kong River throng pass Nakhon Ratchasima Municipals

Boundary:

North adjacent to Tambon Nongjaboag, Tambon Ban kao

South adjacent to Tambon Nongpailaum

East    adjacent to Tambon Hua Ta Lay

West   adjacent to Tambon Ban Mai
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Population

The overall city plan make a community  expansion  has  occurred  to  the  east

and  to  the  west and increasing population to follow.  Then, in 2005  registered

population  are  167,774  persons (male  79,428  and  female  88,346 ) , non-registered

about  36,910  person ,and total population about 204,684 person, population

forecasts (2025) population municipality  about  337,412 people ( Nakhon Ratchasima

Municipality, 2006).  Population  settlement  around  the  boundary  of  municipality

increased while  the  registered  population  in  municipality changed  decreased

continuously.  Number  of  household  still  increased  shows  that  non- register

population  in  the  city  still  higher  than  the  past.

Table 2.5 People prediction during year 2010 -2525 will have the people as follows

Source Nakhon Ratchasima Municipality, 2006

Climate

Nakhon Ratchasima Province depends on the influence northeast monsoon in

the winter and southwest monsoon in rainy season. The season of the Nakhon

Ratchasima, divide 3 the season:

Winter begin since October arrive at January which northeast monsoon.

Summer begin since February arrive at May

Rainy season begin since May arrive at October which depression.

Year Registered

population

( person)

Non-registered

population

( person )

Total

population

( person )

2010 194,797 94,987 289,784

2015 205,433 100,173 305,606

2020 216,126 105,387 321,513

2525 226,813 110,599 337,412
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Land use

Office building and commerce building distribute density around the area

where old city at has the moat surrounds which this area is junction business section of

Nakorn Ratchasima municipal. Next area periphery part come out have the growth

goes to in the west, for the official place , educational institution , hospital , will

distribute stay of the north , the industrial factory in the municipal limits is will small-

sized industry or the industry within the household , besides the area constructs the

home and habitation border of the community still expand (boundaries) to go to follow

the heel , the road important late , for example Mittapap Road, Tow Su Ra Road,

Ratchasima -Pak Tong Chai Road and Suranarai Road (Nakhon Ratchasima

Municipality,2006).

Community  expansion  has  occurred  to  the  east  and  to  the  west.  With

the   completion   of   the   Mittapap  highway,   urbanization  has   proceeded   rapidly

along  the  sides  of  the  highway  in  both  the  northeastern  and  the  southwestern

directions. Around the municipality, there are many constraints to growth.    Then

most  of  the  built-up  areas  have  been  expanded  to  wards  north-east  and

southwest.  There  has  also  been  a  northern  expansion  along  the  main  roads,  in

the  form  of  housing  estates,  especially  after  the  development  of  related

highway.   The   southwestern   expansion,   in   particular,   was   encouraged   by   the

convenience   of   existing   infrastructure,   low  land   prices,   non-interference   from

flood  and   the   relatively   short   distance  (5-8  km.)  from the   city   center  (Nakhon

Ratchasima Municipality, 2006).

2.6 Lum Ta Kong River

The Lum Ta Kong River is the waterway important, and compared as the blood

vessels of Nakhon Ratchasima Province. The Lum Ta Kong River covers six districts.

Pack Chong districts, Si Khiu districts, Sung Noen district, Kam Ta Lay Sour district,

Muang district and Jugkarat district with in 3,875 sq. km. The total length of Lum Ta

Kong River about 180 km, and run through the major community 4 community i.e.

Pak Chong community, Si Khiu community , Sung Noen community and Nakhon

Ratchasima  community  and  flows  to  Mool  River  at  Ban  Ma  Done  Ta  Chang   sub-

district Jugkarat district about 20.8 km. ( Nakhon Ratchasima Municipality, 2006)
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Lum Ta Kong River has advantage for Nakhon Ratchasima Province i.e.

industrial, agriculture, electric current production and consumption. Then its build the

effect from using water to Lum Ta Kong River specially when untreated wastewater is

drained directly into Lum Ta Kong River, then it make water quality deteriorates

quickly down.

The cause of pollutants discharged into the Lum Ta Kong River (Nakhon

Ratchasima Municipality, 2006).

1. The community wastewater was drained by the public drainpipe though 53

wastewater collection sites before being disposed into the Lum Ta Kong River.

2. The wastewater discharged directly into the Lum Ta Kong River came from

1,326 households along the riverbank. The major point of pollutants discharged into

the Lum Ta Kong river where:

1) Wastewater drain pipe from slaughter-house Soi Wat Ta TaKo (opposite

      V.I.P Village)

2) Wastewater drain pipe from Mittapap Road in front of Senmarry Hospital

3) Wastewater from Pa Pa market

4) Restaurant Soi Lung Suranaree School

5) Wastewater drain pipe from Suranarai Road.

Water Pollution in the Lum Ta Kong River from the conjunction with Moon

River in Muang District, Nakhon Ratchasima Province (km. 0) to Khonchum Dike in

Muang District , Nakhon Ratchasima Province (km. 24) (Nakhon Ratchasima

municipal, 2006)

The  action  plans  coordinating  sub-committee  for  the  Lum  Ta  Kong  River

water quality control identified the water quality standard for this section of the river

as the Class 4 surface water resource standard, i.e.  DO > 2 mg/l, BOD < 4 mg/l and

Class 3 surface water resource standard i.e. total coli from bacteria < 20,000 MPN/100

ml and fecal coli form bacteria < 4,000 MPN/100 ml.

The BOD value was 3.30 mg/l, which is considered as within the range of the

Class 4 water quality standard.
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The DO value  was  0.08  mg/l,  it  was  lower  than  2  mg/l,  thus  the  rang  of  DO

value respectively, exceeding the class 4 water quality standards.

The total numbers of coli form bacteria was 16,000 mg/l, which is considered

as within the range of the Class 3 water quality standard.

The fecal coli form bacteria has always been higher 4,000 MPN/100 ml

respectively, exceeding the class 3 water quality standards. The increasing trend

indicated that more toilet wastewater was discharged directly into the river.

In conclusion, the water quality in this section of the river was below the class

4 water quality standard. During the rainy season, the water quality deterioration was

due mainly to the pollution from the two major sources as previously mentioned

(Nakhon Ratchasima Municipality, 2006).

Wastewater collection and treatment system on Nakhon Ratchasima

Municipality

Wastewater collection

The wastewater collection on Nakhon Ratchasima Municipality is combined

system that is support the water, both of rain water and the wastewater from house and

streets  in  same pipe,  and  there  is  flowing  direction  goes  to  the  east  .  Its  has  the  way

drain water that 2 important, Sa La Loy and Bung Ta Lay, the major of drain system to

be parallel to Mittapap Road by initial from western municipal, and will take the

wastewater from side south and central area of a municipal. Now wastewater drain

into  drainpipe  on  Mittapap  Road  adjoin  old  moat  goes  to  “Bung  Ta  Lay  wastewater

treatment system”, and some wastewater drain to gutter concrete rim northeast railway

and drain into Lum Ta Kong River (Nakhon Ratchasima Municipality, 2006).

Follow the project develops pillar city, there is system adapt public utility. For

example,  road,  water  drain  system,  disperse  to  garbage  and  slum,  in  the  part  of

treatment wastewater have the construction wastewater treatment system and pumping

station

Pumping station one; locate on moat rim, adjoin War Veterans Organization of

Thailand, Chompon Road, take the wastewater from west city, and pump wastewater

to station two.
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Pumping station two; locate on moat rim, oblique Esan Temple, Ponsan road,

take the wastewater from inner city, and pump wastewater to station three.

Pumping station three; locate on Hua Ta Lay treatment system take the

wastewater from station two, some inner city and wastewater railway rim, and  all

wastewater was sent to the wastewater treatment system continuous.

1st Wastewater treatment system

Now, central wastewater treatment system of Nakhon Ratchasima Municipality

is  Stabilization  ponds  locate  on  Hua  Ta  Lay  swamp,  southeast  of  the  city;  The

wastewater treatment system has 9 pond capacity 675,240 cubic to catch wastewater

about 45,000 cubic meters per day , can be treat wastewater about 60 percentages of

total  area  (  Figure  2.7).  The  period  of  treat  wastewater  before  discharge  to  Lum  Ta

Kong River about 15 day. (Nakhon Ratchasima Municipality,2006)

1) Facultative Pond consist of 3 pond depths 4-5 meter capacity 272,340 cubic ,

the characterized by having an upper aerobic and a lower anaerobic zone.

2) Maturation Pond consist of 3 pond depths 1.5 meters capacity 198,900 cubic

to treat wastewater by aerobic and control by sunlight, temperature and wide.

3) Maturation Pond consist of 3 pond depths 1.5 meters capacity 204,900 cubic

to treat wastewater by aerobic and control by sunlight, temperature and wide before

discharge to Lum Ta Kong River.

             Figure 2.6   Wastewater treatment system
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2nd  Wastewater treatment system

Now, Nakhon Ratchasima Municipal having quantity of wastewater about

68,320 per day but the 1st Wastewater treatment system can support get just about 60

percentages. Then in during the year 2006 to 2009 Nakhon Ratchasima Municipal has

the plan of management environmental quality in Nakhon Ratchasima Province by

design adjusts the collects and building 2nd treatments  wastewater  system.  The  2nd

treatments wastewater system is activated sludge: AS can be treat wastewater 70,000

cubic meters per day about 90 percentages of total area (Figure 2.8). In addition, build

the drain system, and the combined systems size about 1.2 -2.5 diameter meter sizes

on major road of Nakhon Ratchasima Municipal about 22 line, length about 27,505

kilometer, and building Combined Sewer Overflow, CSO about 6 point (Nakhon

Ratchasima Municipality, 2006).

Figure 2.7 The area of 1st wastewater treatment system of  Nakhon Ratchasima

Municipality
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Figure 2.8 The total area of wastewater treatment system of Nakhon Ratchasima

Municipality

2.7 Variables related research

Age

Thailand Development Research Institute (TDRI) (1995) studied Green

Finance: A Case Study of Khao Yai National Park found the age is the influent factors

for willingness to pay.

Sukmongkonrut, C (1998) studied willingness to pay for the utilization of

coral  resource  on  tourism:  a  case  study  of  Ko Chang National  Park  in  Tart  province

found the factor are relate willingness to pay for option use in coral resource are age,

that  is  the  person  who  older  have  a  higher   willingness  to  pay  than  the  person  who

younger.

In this study, expected the age variable is influenced factors value of Lum Ta

Kong River.

Education

Tapvong and Kruavan (1999) study water quality improvements: a

Contingent Valuation Study of the Chao Phraya River found the factors governing the

respondent’s behavior whether to pay for the service is education.
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Roomratanapun (2001) study introducing centralized wastewater treatment in

Bangkok a study of factors determining its acceptability found education were the

principal factors that influenced acceptability of various aspects of the wastewater

treatment system.

In this study, expected the education variable is influenced factors value of

Lum Ta Kong River.

Residing duration in the community

Behavioral of people‘s live in community as long residing duration in the

community are have a feel good and realize important on their site, such as

environments in the home, in school, at work, or at play etc. Then in this study, expect

residing duration in the community are a influenced factors concerning value of Lum

Ta Kong River, that is the respondent who have long residing duration in the

community in present house are more willingness to pay than the respondent who have

short residing duration in the community in present house.

Occupation

Rattanaphotanan (1999) study about local people’s behavior of conserving

water in Lumtakong River in Nakhonratchasima Municipality. This study found

occupation is influenced factors of the people’s behavior of conserving water in Lum

Takong River.

In this study, expected the occupation variable is influenced factors value of

Lum Ta Kong River.

Income

Swanson, Day and Mourato (1999) studied valuing water quality in china.

This study found the respondent who higher incomes to be more likely to answer

“yes” to the referendum question and express a higher WTP.

Tiwari (1999) studied willingness to pay for improved water quality in

Kathmandu. This result in this study indicated that users’ incomes are positively

related to the users’ WTP for improved water quality.
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In this study, expected the income variable is influenced factors value of Lum

Ta Kong River.

Cognizant information

Pheangsawat (1999) study an economic valuation of Ayutthaya Historical

Park, Ayutthaya Province found the tourist who received information about monument

conservation has higher willingness to pay more  the tourist who not received

information about monument conservation.

Nualkamhaeng (2000) this study about of community participation on Lum

Ta Kong development : a case study of Tungs Sawang Salaloy community, Muang

district, Nakhon Ratchasima province found information gathering about the

reservation.

In this study, expect cognizant information about reservation Lum Ta Kong

River is influenced factors value of Lum Ta Kong River.

Distant

Paiboonphol (1998) study about the willingness of people to pay sewage

treatment fees in Inner Zone of Bangkok Metropolis. The result of this research found

distances during shelter with house were related to the willingness to pay for sewage

treatment fees.

Prapamontol (2001) studied the contingent valuation method applied to

conservation of fishery resources in Bung Lahan wetland, Chaiyaphum Province

found the factor significantly determining the economic value for conservation of

fishery resource were housing location.

In this study, expected the distance variable is influenced factors value of Lum

Ta Kong River.
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2.8 Related researches

2.8.1 Related method

Swanson, Day and Mourato (1999) studied valuing water quality in china.

This study designed contingent valuation questionnaire was administered to a random

sample of 999 people in the Beijing area. The interviews were conducted both off-site

and on-site at river locations. Several scenarios were proposed where by river water

quality would deteriorate; respondents were then asked for their WTP to prevent

deterioration of specific rivers (the Chaobai or the Nan Sha He) and of all the rivers in

the area.

The data for the WTP model came from responses to the double bound

question. The model was the analysis of this data assuming an underlying log-normal

distribution to account for the right skew observed in the distribution of WTP

responses.

The  results  of  this  study  that  average  WTP  per  household  per  year  for  the

prevention of water quality deterioration was found to be 123 Yuan (US$15) for the

Chaobai and 101 Yuan (US$12) for the Nan Sha He. And average WTP per household

per year to maintain the quality of all Beijing rivers was estimated to be 186 Yuan

(US$22).This value was significantly higher than the value of individual rivers like the

Chaobai or the Nan Sha He. Aggregating over the target population yielded an

estimate of 500 million Yuan (US$60 million) for the preservation of all rivers in the

area.

The variables were employed as repressors in both the referendum and the

WTP functions: income and never visits river in sign and for the most part a

significant explanatory variable. Income was a positive coefficient in response. Never

Visits River was negative coefficient in response.

These results stroke an optimistic note on the possibility of measuring the

economic value of surface water quality improvements in China, even when non-use

values predominated. On average, WTP for preventing river water quality from

deteriorating was positive and amounted to around 1 per cent of household income.

These findings provided an important input into policy decisions in the sector.
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Tapvong and Kruavan (1999) studied Quality Improvements: A Contingent

Valuation  Study  of  the  Chao Phraya  River.  This  study  to  estimate  the  willingness  of

Bangkok residents to pay for improved water quality by conducting a contingent

valuation survey ( double bounded format ) ,and use of logistic  regression to study the

WTP for the wastewater treatment service indicated that the factors governing the

respondent’s behavior whether to pay for the service were education, knowledge and

importance of the project. On the mean value of the fee treatment of water quality 1

(fish could survive) and 2 (can use Chao Phraya River for swimming) were found to

be 100.81 and 115.03 baht/month.

Isangkura (1998) successfully employed the contingent ranking method to

value three recreational areas around Chiang Mai City: Doi Inthanon National Park,

Doi Suthep and Mae Sa Waterfall. This method had proven useful for two reasons.

First, the concept of substitutability between recreational areas could be addressed

through the analysis. Second, the recreational value and hence entrance fees for these

three recreational areas could be determined systematically, that was, the entrance fee

for national parks would reflect the level of recreational services of each recreational

area. Recreational areas, which offered more recreational amenities to the visitor,

could charge a higher entrance fee than those that offer less.

The result of this study recommended that the entrance fee for Doi Inthanon

National Park be increased from 5 baht (US12 cents) per person to a basic entrance fee

of 40 baht (US$1) per person. This would increased park revenue from 5 million baht

(US$125,000) per year to 40 million baht (US$1 million) per year. Additional user

charges should be applied to environmentally sensitive sites or environmentally fragile

sites around Doi Inthanon. For example, a user charge may be imposed for a visit to

Ang Ka Forest Ecology or Kew Mae Pan Tract. The entrance fee for Mae Sa Waterfall

should be increased from 5 baht (US12 cents) per person to 20 baht (US50 cents) per

person. This would increased park revenue from 2 million baht (US$50,000) per year

to 8 million baht (US$200,000) per year. As for Doi Suthep, the entrance fee should

remain at zero given the difficulty of assessing the predominantly spiritual value of the

site, and the national parks or recreational areas, which provided more recreational

services, should charge higher entrance fees than those, which provided less
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recreational services. This study demonstrated how such a formula may be applied and

how the system of entrance fees could be established.

Bateman et al (2006) studied comparing contingent valuation and contingent

ranking: A case study considering the benefits of urban river water quality

improvements. This studied that valuation of improvements to the water

quality of an urban river, and comparisons showed that CRM valuations were

substantially larger than those elicited through CVM.

In order to undertake a viable CR exercise and to assess the internal

consistency of CV findings, three nested levels of river quality improvement were

used for both exercises, which for simplicity we shall refer to as a small (S), medium

(M) and large(L) improvement.

In the CV valuation tasks, all respondents were asked open-ended question.

The CR exercise asked respondents to rank the four options (S, M, L and the current

situation C) in order of preference.

WTP (£ per household per annum) for River Tame water quality improvements.

WTP was higher for those who had prior knowledge regarding the water

quality problems affecting the River Tame. The negative sign of the coefficient

estimated for the age variable indicated that WTP decreased with increasing age. A

further negative relation was found with increasing distance between the respondent’s

permanent  address  and  the  River  Tame.  Finally,  and  contrary  to  expectations  (where

we might expect that those in employment could have higher incomes and hence

higher  WTP than  those  not  in  employment),  the  sign  of  the  estimated  coefficient  on

the employment variable was negative.

The most striking result  of this comparison between the two methods,  a large

proportion of non-responders to the CV survey cited the difficulty, or hypothetical

nature, of the exercise as the reason for their inability to state WTP. However, the

Water quality improvement, mean WTP

Small (S) Medium (M) Large (L)

CRM 8.64 21.34 31.50

CVM Protests include 7.60 12.07 18.12

CVM Protests exclude 9.60 15.24 22.89
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majority  of  these  same  respondents  were  able  to  complete  the  CR  exercise.  This

suggested that the ranking exercise was perhaps conceptually easier for respondents

than  is  the  open-ended  valuation  format  -  as  long  as  the  number  of  alternatives  and

attributes presented as part of the exercise were kept relatively small (as they are in

this study) so that the cognitive burden that respondents face was minimized. Hence,

in public policy situations, where response to valuation surveys needed to be

maximized, and where the environmental scenario being valued was conceptually

difficult to understand, the CR format may be a more appropriate choice of valuation

tool than an equivalent CV survey with an open-ended format. Of course, the question

then arises whether the same result would have arisen if a CV survey using a

dichotomous choice format had been used, however this question would need to be

explored in future research.

Prapamontol (2001) studied the contingent valuation method applied to

conservation of fishery resources in Bung Lahan wetland, Chaiyaphum Province used

the contingent valuation method and dichotomous choice question.

The result indicated that the mean and median value which fishery households

revealed their willingness to pay for conservation of fishery resources in Bung Lahan

were 417.16 and 259.04 baht/household/year, respectively. The total value, which the

total of 4,035 households were willing to pay for conservation of - fishery resources in

Bung Lahan, was 1,683,240.60 Baht/year. In comparison, fishery households

benefited 20,349.20 baht/household/year on average from capture fisheries Bung

Lahan. The total benefit which 4,035 households altogether derived from this wetland

was 82,109,022 baht/year.

The key factors significantly determining the economic value for conservation

of fisher resources in Bung Laphan (P<0.05) were housing location, the importance of

fishery resources to the household, and the source of information about conservation

of fishery resource.

Orankitcharoen (2002) aimed to study uses environmental economics concept

to find out the willingness to pay entrance fees of visitors who visited Nangrong

Waterfall, Sarika Waterfall and Wangtakai Park Area, Nakhonnayok province.

Contigent Valuation method (CVM) and Contingent Ranking Method (CRM) were

applied. Factors that affect willingness to pay were also investigated. A questionnaire
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was used to obtain data from 400 samples of which 150, 138 and 112 samples were

from Nangrong Waterfall, Sarika Waterfall and Wangtakai Park respectively. The data

were  analyzed  by  LIMDEP  program  for  CRM  and  SPSS  for  window  for  CVM.  In

addition to percentage, maximum, minimum standard deviation and mean, Multiple

Regression Analysis (MRA) was used to analyze the relationship between willingness

to pay and independent variables.

The Willingness to Pay (WTP) to use Nangrong Waterfall was 23.4

baht/person  according  to  CVM  while  according  to  CRM  the  value  of  this  recreation

area is 184.3 baht/person (including forest-tracking attribute) and 751.3 baht/person

(not including forest tracking attribute). Sarika Waterfall was 25.1 baht/person

according to CVM and is 662.9 baht/person according to CRM. The WTP to use

Wangtakai Park equaled to 26.4 baht/person according to CVM and the value of

Wangtakai Park was 557.6 baht/person according to CRM. There were 3 factors that

affected  WTP.  They  were  monthly  incomes  (INC)  that  had  a  positive  sign  and  were

significant at level 0.01, attitude of visitors in natural recreational area conversation

(ATTI)  and knowledge of visitors in natural recreational area conservation (KNOW)

which both also had positive sign and significant at level 0.05. The revenue from

visitors  that  used  that  used  the  Nangrong  Waterfall  under  CRM  was  expected  to  be

91.8 million baht/year (including forest tracking) and 374.2 million baht/year ( not

including forest tracking). For Sarika Waterfall, the estimate revenue was equal to

304.5 million baht /year. For Wangtakai Park, the estimate revenue was equal to 210.3

million baht /year. With CVM, revenue was expected to be 11.7 million baht /year,

11.5 million baht /year and 9.9 million baht /year for Nangrong Waterfall, Sarika

Waterfall and Wangtakai Park respectively.

Wiwatthanapornchai (2001) studied on non-use value assessment of

endangered wildlife species and natural resource of Phu Khieo Wildlife Sanctuary,

Chaiyaphum province. By applying contingent valuation method (CVM) with double

bound c1ose ended question, the values were estimated using the willingness to pay

(WTP) for the conservation of natural resources from Thai people who were non-users

of the area. The market prices of wildlife resources by types, alive or dead, whole

body or parts as well as factors determining their prices, and their market channel were
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examined using the collected in the areas where wildlife resources were hunted and/or

sold.

In the study of market prices and channel of the wildlife resources, each type

of wildlife was priced depending on its selling location, the characteristic of its part, its

species, and its scarcity level. It was found that Chatujak Weekend Market was an

important  outlet  of  these  illegal  activities.  In  an  assessment  of  a  non-use  value  of  66

endangered wildlife species in PKWS, the study found that an average WTP was equal

to 1,531.57 baht/person/year. It was also found that factors affecting the willingness to

pay include: the starting bid, individual income, number of household members, and

individual was experience in becoming members of or working with natural resources

conservation projects. In an assessment of a non-use value of the total natural resource

in PKWS, the study found that an average WTP for conserving the natural resource

was equal to 1,929.83 baht/per/year. It was also found that factors affecting

willingness to pay consisted of: the starting bid; individual income; gender; being a

student (who is economically inactive); northern, northeastern, and southern

inhabitants; the familiarity of the name of PKWS; and individual experience in visiting

other protected areas. The result showed that the average WTP for conserving total

natura1 resources in PKWS was greater than the average WTP for conserving

endangered  wildlife  resources  in  the  area,  which  was  statistically  different  at  the  99

percent level.

This study found that the non-use value of endangered wildlife resource in

PKWS was estimated to be 50,107 million baht/year and the non-use value of total

natural  resources  in  PKWS was  estimated  to  be  63,137  million  baht/year.  Moreover,

this study recommended there should be estimation by contingent ranking method

because it could estimate various benefits of environmental.

2.8.2 Related  Lum Ta Kong River

    Rattanaphotanan (1999) studied about local people’s behavior of conserving

water in Lum Takong River in Nakhonratchasima Municipality. The result of this

research showed that the sampling group had more positive of people’s behavior of

conserving water in Lumtakong River in moderate level. The influenced factors of the

people’s behavior of conserving water in Lumtakong River namely age, occupation,
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level of education, overage income per month, the number of the members in a family,

the knowledge of water conservation in Lum Ta Kong River.

Nualkamhaeng (2000) studied about of community participation on Lum Ta

Kong development : a case study of Tungs Sawang Salaloy community, Muang

district, Nakhon Ratchasima province. The results of the study revealed that the need

for participation level of most people in the community is at a moderate level and their

participation level is low. In this regard, the people were basically passive receivers. It

is also found that factors affecting the need for participation and the participation level

are: being members of community groups, status and information gathering about the

reservation and development of the water channel as well as participating in activates

held by the outside groups and organizations.

Chaimeerang (2003) studied solution of water treatment in Lum Ta Kong in

Nakhon  Ratchasima  Municipality  result  of  this  research  showed  that  Lum  Ta  Kong

was used as the source for water supply ,  agriculture , aquatic animal breeding , and a

place supports the wastewater from the community. It found that most of activities that

caused water deterioration were wastewaters released from residences, government

building, school, hospital, manufactories, food markets, and slaughterhouse and by

riverside  residency  encroachment.  Some  of  wastewater  will  flow  down  to  the  drain

and pass through to wastewater treatment system, but some was drained directly down

to Lum Ta Kong river, its make water quality is deteriorating very down in 5 levels

underlying water quality standards in Thailand that mean can not be eaten or used. The

cause of water decadence in Lam Ta Kong River 1) Increasing of wastewater released

from height-density activities in area. 2) None of wastewater treatment system

provides in some part, and existing ones were lack of converting and low potential to

support increasing wastewater. 3)  Riverside residency encroachment made draining

wastewater directly to the water 4) other cause, such as chemicals used in agriculture

that washed to the river, littering, and natural water plants. This study suggestion made

for Lam Ta Kong water treatment was to set and improve existing water treatment

systems of this area for supporting increasing wastewater in future. In addition, it

should be zoning of area development to prevent effecting to natural water source, and

rectify existing enforcement to be in line with urban development in future.
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2.8.3 Related wastewater treatment system

Paiboonphol (1998) studied about the willingness of people to pay sewage

treatment fees in Inner Zone of Bangkok Metropolis. The result of this research

revealed that 61.7 percentages of the samples in inner zone of Bangkok Metropolis

had willingness to pay for sewage treatment fees in the rate of not more than 100 baht

per month. The other 38.3 percentage had unwillingness to pay for sewage treatment

fees because they thought that it was the duty of Bangkok Metropolitans

Administration.

The test of hypothesis showed that factors of personal about age, occupation

and distance during shelter with house were related to the willingness to pay for

sewage treatment fees. On the contrary, sex, education, income, times of living and

place of birth were not related to the willingness to pay for sewage treatment fees

while factor of social about the acknowledgement of Bangkok's river wastewater

problem  was  related  to  the  willingness  to  pay  for  sewage  treatment  fees.  On  the

contrary, the acknowledgement of central sewage treatment system, get values of river,

opinion about wastewater problem were not related to the willingness to pay for

sewage treatment fees.

This study found the wastewater charges could be set as of metered water

consumption. The most common approach is to collect especial a wastewater

treatment bill or surcharge on water bill

Pochatan (1999) studied the economic return studied of Naknon Ratchasima

Municiple’s sewage Treatment Project. The study was use production cost of water

consumption, healthiness and cost real estate expansion to estimate benefit, and was

done 3 indicators to evaluate the economic project return; Net Present Value( NPV),

Benefit Cost Ratio ( BC ratio) and Internal Rate of Retune( IRR), by using data costs

and benefits in 1997-2012.

This result the project would achieve its target; at the 12% discount rate, the

Net Present Value through project life was 311.54 million baht. The Benefit-Cost

Ratio was 1.77 and the Internal Rate of Return was 15.11%. For the project’s

sensitivity, it could be well accepted in case of 10% increasing cost with 5%

decreasing benefit. In any case the project could not be accepted if we used 16.5%

discount rate. It was indicated the project had not mush value. If the money of the

Copyright by Mahidol University



Fac. of Grad. Studies, Mahidol Univ.                 M.Sc.(Techonology of Environmental Management)/ 59

investment came from borrowing the taxes, so the municipality had to pay back to the

people in the same rate of borrowing from financial Institution.

Roomratanapun (2001) studied introducing centralized wastewater treatment

in Bangkok a study of factors determining its acceptability, their willingness to pay for

environmental improvements and the acceptability of a wastewater treatment project

by bidding game. Results of this study that most were willing to pay Baht 86.84 per

month or Baht 3.28 per m3, and distance to a klong (river) and the direct experience of

polluted surface water did not have any influence on the preferences. Monthly

household income, level of education and environmental awareness were the principal

factors that influenced acceptability of various aspects of the wastewater treatment

system.

This  was  no  more  powerful  way  to  measure  people's  satisfaction  than  the

measurement of their willingness to pay. In the context of Thailand or other

developing countries and considering that wastewater treatment was a rather

unfamiliar activity, it was necessary to apply the WTP technique with some

adjustments. When the WTP was applied, scenarios are needed to provide information

and the bidding games are important to improve respondent accuracy. The study found

that when cards and explanations were used to clarify the context of the study, most

respondents could understand the purpose of the interview.

Phanomwan Na Ayutthaya (2004) studied willingness to pay of wastewater

treatment charge for household users in a case study of Nakhon Sawan Municipality.

Results of this study showed that 58.15 percentages of samples would be willingness

to  pay  for  water  treatment  charge  in  the  cost  of  20  baht/month.  While  the  remaining

41.85 percentage would be unwillingness to pay for water treatment charge, they

thought that it was the duty of Nakhon Sawan Municipality Administration.

Hypothesis  testing  was  accepted  that  personal  factors  such  as  sex,  age,

marriage, status, education level, income, living standard, habitat utilization and city

hydrant water payment were highly relevance in the statistical significance. While

number of member in household and occupation were not related to the willingness to

pay  level.  In  addition  to,  social  factors  such  as  data  accessibility,  water  pollution

awareness and wastewater treatment system, get values of river, opinion about
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wastewater problem were also highly related to the willingness to pay in the statistical

significance.

This study found the wastewater charges could be set as of metered water

consumption. The most common approach is to collect especial a wastewater

treatment bill or surcharge on water bill.
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CHAPTER III

METHODOLOGY

Valuing Lum Ta Kong River case study of Nakhon Ratchasima Municipality

was a study that estimated willingness to pay for improving Lum Ta Kong River,

studied the factors affecting the willingness to pay for Lum Ta Kong River, and also

studied the benefit cost analysis of wastewater treatment system of Nakhon

Ratchasima Municipality. This chapter described the methodology of the research. The

content of the chapter consisted of the following

3.1 Target population

3.2 Sample size and sampling

3.2.1 Sample size

3.2.2 Sampling

3.3 Method of study

3.3.1 Contingent Valuation Method (double bound)

3.3.2 Contingent Ranking Method

3.3.3 Benefit cost analysis of the 2nd wastewater treatment system

3.4 Research Instrument

3.5 Data collection

3.6 Data analysis
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3.1 Target population

Population in this study included 34,504 households in Nakhon Ratchasima

Municipality which could be divided into 2 groups as follows

People who lived near Lam Ta Kong River

1. 130 households in Takong Kao Community

2. 128 households in Bumaka Community

3. 106 households  in Samrongchun Community

4. 119 households  in Kaset Samakee 2 Community

5. 328 households  in Mahachai Community

6. 515 households in Tung Sawang Salaloy Community

7. 88 households in Lung - watsamakee Community

Total 1,326 households

People who did not live near Lam Ta Kong canal 33,178 households.

Figure 3.1 Community situation of Nakhon Ratchasima Municipality.
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3.2 Sample size and sampling

3.2.1 Sample size

Populations in this study were residents of Nakhon Ratchasima Municipality

which were divided into living near Lam Ta Kong and not living near Lam Ta Kong

canal. Yamane Formula was used for sample size calculation:

                                                n =    N

                                                                    1+N(e)2

       The total population number (N) of people who lived near Lum Ta Kong

River was 1,326 households while N of people who did not live near Lum Ta Kong

River was 33,178 households.

Substituting these values into the equation; sample size of household near Lam

Ta Kong canals 177 households and not near Lam Ta Kong canal 203 households. The

total sample size this study was thus 380 households and 390 households were planned

to be collected.

According  to  the  calculation,  sample  size  of  people  who  lived  near  Lum  Ta

Kong was 177 households which could be divided further equally for Contingent

Valuation Method (CVM) and Contingent Ranking Method (CRM).  The ratio of

CVM to CRM is 90:90.

According to the calculation yield, sample size of people who do not live near

Lum Ta Kong is 203 households divided into 2 versions: questionnaires for

Contingent Valuation Method (CVM) and Contingent Ranking Method (CRM)

equally.

3.2.2 Sampling

There were 65 communities that located far from Lum Ta Kong and they could

further grouped into three areas. Two communities from each area were randomly

selected. The samples for people not living near Lum Ta Kong River was as follows

Ban Rungruang-Bunruang Community Wat Leab Community

Nong Bua Roung Community Mukamontree Community

Nong Sa No Community Tung Sawang Community
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There were seven communities located near Lum Ta Kong the communities

that was Samrongchun Community was selected for pretest  and other six areas were

sampled for peoples living near Lum Ta Kong River. They were:

Takong Kao Community Bumaka Community

Tung Sawang Salaloy Community Kaset Samakee 2 Community

Mahachai Community Lung - watsamakee Community

3.3 Method of study

3.3.1 Contingent Valuation Method (double bound).

The double-bounded version of discrete response CV, proposed by Hanemann

(1985a) and Carson (1985), followed up on the initial question with a second question,

again involving a specific cost to which the respondent could respond with a "yes" or a

"no." Let A denote the amount of the first bid. The amount presented in the second bid

depends on the response to first bid; if the individual answered "no" to A, the second

bid was some lower amount Ad < A, while if  she answered "yes" it  was some higher

amount Au > A. Thus, there were four possible response sequences: (a) both answers

were yes; (b) both answers were no; (c) a yes followed by a no; and (d) a no followed

by a yes. For any given underlying WTP distribution GC(·), the probability of the

responses was given by

Pr{yes/yes} @ Pyy   (WTP≥ Au) =   1 - GC(Au)

Pr{no/no} @ Pnn (WTP < Ad)  =   GC(Ad)

Pr{yes/no} @Pyn  (A ≤WTP≤ Au)  = GC(Au) - GC(A)

Pr{no/yes} @Pny (Ad ≤WTP≤ A)  =   GC(A) - GC(Ad).
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Figure 3.2 the double-bounded CV

Given these, the log-likelihood function for the double-bounded model was

In L = å [  Iyy In Pr yy +  Iyn In Pr yn +  Iny In Prny  +   Inn In Prnn ]

The stage of CVM was as follows:

1. Setting up the hypothetical market

In this study, set up three hypothetical markets for treatment wastewater and

development Lum Ta Kong River.

2. Obtain the bids from pretest

The second step using “open-ended” questions to get willingness to pay for

each attribute “Starting Bid” and “Following bid” that was appropriate for Contingent

Valuation Method (double bound) (see table 2.5).

3. Estimating WTP

Each distribution had different probability distributions with its parameters and

the associated mean:

( ) ( )dxxxfXE ò
¥

¥-

=

where; E(X) = mean of X

    X  = WTP

 f(x)  = density of probability distribution

Bid upper, Au Bid down, Ad

YY YN YN NN

Bid original, A
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4. Determining the user’s WTP for Contingent Valuation Method (CVM)

CVM approach was a well establish method of measuring users' WTP and

typically involved asking questions of the users or the potential beneficiaries, on how

much they were willing to pay for improvements in the drinking water supply and

sanitation facilities at various levels. Asking questions about their WTP at a different

level of services, on the other hand, indicated their level of demand at a different level

of prices. The level of their demand, however, was influence not only by the price paid,

or to be paid, but also by their level of income, availability of alternative sources of

water and the individual tastes usually measured by the individuals’ socioeconomic

characteristics. Then, it was assumed that the demand for water by a household was

also a function of several of these factors other than the price of water itself, and in

functional form it could be expressed as follows:

           WTP = ),,,,,,,( MEMDISTANINFOOCCINCMRESIDENTEDUAGEf

This study used Likelihood Ratio Test (LR-test) for test the dummy factors

were influenced value of Lum Ta Kong River in Contingent Valuation Method.
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Table 3.1 Definition of variables to use in Contingent Valuation Method.

Variables Name Description
Dependent Variable
WTP_B lower bound =  the lower price of respondent accept

upper bound  = the upper price of respondent accept

Independent Variable

AGE age of the respondent , in year
EDU household’s level of education

EDU= 0 if no education
        = 1 if elementary level
        = 2 if  primary high school level
        = 3 if secondary high school level / vacation level
        = 4 if  diploma
        = 5 if bachelor’s degree
        = 6 if high more bachelor’s degree

Resident residing duration in the community ( year)
INCM head of household income in baht/month
OCC head of household occupation

OCC  = 1 if  government officer/State Enterprises
          = 2 if officer
          = 3 if merchant
          = 4 if employee
          = 5 if agriculture
          = 6 if  housewife/Superannuate
          = 7 if other

INFO cognizant information about reservation Lum Ta Kong river.
INFO  = 1 if respondent had cognizant information about reservation
               Lum Ta Kong river
            =  0 if respondent did not have cognizant information about
                reservation Lum Ta Kong river

DISTAN DISTAN = 0 if respondent not living near Lum Ta Kong River
                = 1 if respondent living near Lum Ta Kong River

MEM member of households of respondents.

3.3.2 Contingent Ranking Method

1. Application of the contingent ranking method

In this study, the contingent ranking method was used to value various

attributes that improved Lum Ta Kong River. The chosen attributes were treatment

wastewater system project, recreation park project (build the park near Lum Ta Kong

area) and reuse of the wastewater for consumption project. Three hypothetical projects

were arranged with different combinations of these various attributes and the prices of

the projects. Projects which featured more attributes were priced higher than those

which featured fever attributes. The respondents were asked to rank these hypothetical
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projects according to their preference, that was, whether taking a choice which

featured more attributes was worth the higher price tag.

The value of each attributes (treatment wastewater system project, recreation

park project, reuse the wastewater for consumption project) was obtained by

calculating the trade-off between that attributes and the increase in the price of the

attribute. With this application, the study could value as natural wastewater reception,

recreation and source of water.

2. Preference ordering function

The contingent ranking method was base on consumer behaviors theory. In

estimating  the  value  of  the  resource,  the  method  attempted  to  learn  about  consumer

behaviors towards the environmental goods in relation to other goods, in this case

money. Consumer behavior could be revealed through many types of consumer

preference ordering functions. In the contingent ranking method, two types of

preference ordering functions commonly used were the direct utility function and the

indirect utility function.

Since the environmental goods in this study involved expenses of improvement

Lum Ta Kong River, travel cost and supply water, adopting the indirect utility

function here seemed appropriate. The expenses of each attribute would represent the

"price" variable in the indirect utility function. The estimated parameters in the

indirect utility function would allow for the calculation of the marginal rate of

substitution (MRS) between the environmental goods and money or price. This MRS

was essentially the value of the environmental good in question.

3. Designing hypothetical choice of contingent ranking method (CRM)

The table below illustrates how this study specified the five hypotheses

projects. Each projects comprised of a different combination of improvement of Lum

Ta Kong River and price. For instance, project 4 was the reuse of wastewater for

consumption project. The price was 150 baht. Other projects which were not part of

this attribute were denoted with zeros. Different project was associated with price.

Copyright by Mahidol University



Fac. of Grad. studies, Mahidol Univ.                   M.Sc.(Tecnology of Environmental Management)/ 69

Table 3.2 Improvements project of Lum Ta Kong River

Hypothetical

project

Wastewater

treatment

Recreation

park

Reuse

wastewater for

consume

Expenses

( baht/month)

1 1 0 0 25

2 0 1 0 75

3 1 1 0 100

4 0 0 1 150

5 0 1 1 225

Respondents ranked these projects according to their preference.

Wastewater treatment attribute

Expenses of wastewater treatment system = 1.18 Baht / cubic meter

(Operating and maintaining)

Water use (Nakhon Ratchasima Municipals) = 25 cubic meter/month/ household

Wastewater from household is 80 % of the water use = 20 cubic/meter/month/household

Cost of wastewater treatment per household = 20*1.18 = 23.6 Baht/month/household

Recreation attribute

Distance about 10 km required fuel oil about 1.5 liter   (Private car 4 sit)

Fuel oil 1 liter = 25 Baht

Travel cost to Lum Takong River     25*1.5  = 37.5 Baht

Travel 2 times per month 37.5*2  = 75 Baht

Consumptions attribute

Water use (Nakhon Ratchasima Municipals) = 25 cubic meter/month/ household

Price for 1 cubic meter =    6    Baht

Price for consumptions attribute = 150  Baht/month
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Project 1 = Wastewater treatment project

= 23.6 Baht

= 25 Baht

Project 2 = Recreation Project

= 75 Baht

Project 3          = Wastewater treatment project + Recreation Project

= 23.6 + 75 = 98.6 Baht

= 100 Baht

Project 4 = Consumptions Project

= 150 Baht

Project 5 = Consumptions Project+ Recreation Project

= 150 + 75

=225 Baht

4. Estimate value of Contingent Ranking Method (CRM)

The WTP for each attribute could be obtained by calculating the marginal rate

of substitution between attribute in question and cost, that is

[ ] [ ]UoUcVUoUejVMRSejcWTPj =¶¶=¶¶-== ///

Hence, the final estimation equation used to estimate the unknown parameters

in the indirect utility function

U = b 1 (treat) + b 2(recreation) + b 3(reuse) + b 4(price) + b 5(price/income)

+ b 6(social characteristic)

where; b 1 …. b 6 were the coefficients
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where ej = attribute j

c  =  expenses

 y  =  income

Sk  = social characteristic k

The WTP for each attribute could be obtained by calculating the marginal rate

of substitution between the attribute in question and cost, that was

( ) ( )ISWTP kkj
qmga ++-= å /

The average value of each project attribute:
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3.3.3 Cost of the 2nd wastewater treatment system

This study used the total cost of investment, operating and maintenances the

2nd wastewater  treatment  system  to  compare  the  value  of  Lum  Ta  Kong  River  by

contingent valuation method (CVM) and contingent ranking method (CRM).
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3.4 Research Instrument

Pretest survey

The survey instrument would be extensively pre-tested using experienced

interviewers to conduct interviews of 38 household who were living near Lam Ta

Kong (18 households) in Samrongchun Community, and people not living near Lam

Ta Kong (20 households) in Benjarong-Samakee Community . This survey was to test

how appropriate the initial questionnaire design. The questionnaire used “open-ended”

questions to illicit willingness to pay for “Starting Bids” that appropriate for

Contingent Valuation Method (double bound) method.

Questionnaire

Using the data from pretest survey to adjust questionnaire and using “Starting

Bids” from pretest survey in “double bound close-ended” CVM method, and for

improving CRM method. The questionnaire was composed of 3 sections as follows;

Section 1: Socioeconomic information of respondents such as age, education,

residing duration in the community, income, distant, occupation, and cognizant

information, and member of household.

Section 2: General data about Lum Ta Kong River use, the effect that

happened in Lum Ta Kong River and information cognizant about Lum Ta Kong

River. These sections were aimed for understanding about the important of Lum Ta

Kong River.

Section 3: Set up the hypothetical market and willingness to pay for improving

Lum Ta Kong River between contingent valuation method (CVM) and contingent

ranking method (CRM).

3.5 Data collection

The necessary data used in this study was complied from both primary and

secondary data.

Primary data were mainly collected through the questionnaires by interviewing

the respondents who were selected.

Secondary data were collected from Nakhon Ratchasima Municipality, and

other related sources.
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3.6 Data analysis

3.6.1. The analysis of data from the Contingent Valuations Method (CVM)

was done by maximum likelihood estimate: MLE in the LIFEREG in SAS program

(Statistical Analytical System).

3.6.2 The analysis of data from the Contingent Ranking Method (CRM)

was done by ordered logic estimation of LIMDEP (Limited Dependent Variable

Modeling). The data has to be entered in stack form where each observation took five

lines (because there are five hypothetical projects). The following example shows how

the data of observations 1 and 2 were entered into a data file and were read by

LIMDEP.

X1 X2 X3 X4 X5 X6 X7 X8 X9

1 0 1 0 0 25 1 7,000 24

1 1 0 1 0 75 0 7,000 24

1 2 1 1 0 100 2 7,000 24

1 3 0 0 1 150 3 7,000 24

1 4 0 1 1 225 4 7,000 24

2 0 1 0 0 25 2 10,000 30

2 1 0 1 0 75 3 10,000 30

2 2 1 1 0 100 0 10,000 30

2 3 0 0 1 150 4 10,000 30

2 4 0 1 1 225 1 10,000 30

X1 = Observation number X6 = Expenses (price)

X2 = Project number X7 = Ranking

X3 = Wastewater treatment X8 = Income

X4 = Recreation park X9 = Age

X5 = Reuse wastewater for consumption
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LIMDEP was capable of computing the parameter estimates using ordered

logic procedure. Special caution was needed for the social characteristic variables such

as income and age because they had the same value. To overcome this problem, social

characteristic variables had to enter the model interactively, either by multiplication or

by division. For instance, income could interact (by division) with price, and age could

interact (by multiplication) with wastewater treatment.
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CHAPTER IV

RESULTS AND DISCUSSION

This chapter presents the results of study on “Valuing Lum Ta Kong River: A

case study of Nakhon Ratchasima Municipality” which are divided into 4 section as

follows:

4.1 Contingent Valuation Method (CVM)

4.1.1 Socio-economic characteristic

4.1.2 Cognizant information and the opinion about Lum Ta Kong

                     River

4.1.3 Value of Lum Ta Kong River from contingent valuation method (CVM)

4.1.4 Determinants of the user’s WTP for contingent valuation method (CVM)

4.2 Contingent Ranking Method (CRM)

4.2.1 Socio-economic characteristic

4.2.2 Cognizant information and the opinion about Lum Ta Kong

                     River

4.2.3 Value of Lum Ta Kong River from contingent ranking method (CRM)

4.3 The cost-benefit analysis.

4.4 Discussion
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4.1 Contingent Valuation Method (CVM)

4.1.1 Socio-economic characteristics

Of all 195 samples, they could be divided into households who live near Lum

Ta Kong River (90 households) and not live near Lum Ta Kong River (95

households). The general socio- economic characters of the sample are given in Table

4.1.

Table 4.1 Socio-economic characteristics of sample for CVM method

N=195Characteristics

Frequency Percentage (%)

Gender

Male

Female

80

115

41

59

Age (years)

25-34

35-44

45-54

55-64

> 64

16

48

61

45

25

8.2

24.6

31.3

23.1

12.8

Max = 75                   Min = 27                   Mean =  50.08                   S.D. =11.46

Occupation

Civil servant/ State Enterprises servant

Officer

Own business

General employee

Agricultural

Retired / housewife

23

23

48

36

18

47

11.8

11.8

24.6

18.5

9.2

24.1
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Table 4.1 Socio-economic characteristics of sample in CVM method (Cont.)

N=195Characteristics

Frequency Percentage (%)

Education levels

Primary school

Secondary school

High school

Diploma

Bachelor’s Degree

Master’s degree or higher

89

7

56

20

20

3

45.6

3.6

28.7

10.3

10.3

1.5

Number of household members

< 4

4-6

 > 6

70

114

11

35.9

58.5

5.6

Max = 9                    Min = 1                    Mean =  4.07                    S.D. = 1.53

Residing duration in the community

≤ 20

21-40

41-60

> 60

51

88

50

6

26.2

45.1

25.6

3.1

Max = 71                   Min = 3                   Mean =  31.66                S.D. =15.36

Monthly income (Baht/Month)

≤ 10,000

10,001-20,000

20,001-30,000

30,001-40,000

40,001-50,000

> 50,000

90

53

26

12

11

3

46.2

27.2

13.3

6.2

5.6

1.5

Max = 80000               Min = 2000              Mean = 16577.94           S.D. =14205.49
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Gender

The percentage of male in the sample group was 41%, while female is 59%.

Age

The percentage of the sample group in each category could be arranged in the

following order: 45- 54 years old (31.3%), 35-44 years old (24.6%), 55-64 years old

(23.1%), more than 64 years old (12.8%), and 25-34 years old (8.2%). The maximum

age is 75 years old, the minimum age is 27 years old and the mean age is 50.08 years

old (S.D.= 11.46).

Occupation

The percentage of the sample group in each category could be arranged in the

following order: own business (24.6%), retired / housewife (24.1%), general employee

(18.5%), officer (11.8%), civil servant/ state enterprises servant (11.8%) and

agricultural (9.2%).

Education level

The percentage of the sample group in each category could be arranged in the

following order: primary school (45.6%), high school (28.7%), diploma (10.3%),

bachelor’s Degree (10.3%), secondary school (3.6%) and master’s degree or higher

(1.5%).

Number of household members

The percentage of the sample group in each category could be arranged in the

following order: 4-6 persons (58.5%), less than 4 persons (35.9%) and more than 6

persons (5.6%). The maximum number of household members is 9 persons per

household, the minimum number of household members is 1 persons per household

and the mean value is 4.07 persons (S.D. = 1.53)
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Residing duration in the community

The percentage of the sample group in each category could be arranged in the

following order: 21-40 years (45.1%), less than 21 years (26.2%), 41-60 years (25.6%)

and more than 60 years (3.1%). The maximum is 71 years, the minimum is 3 years and

the mean value is 31.66 years (S.D. = 15.36).

Monthly income

     The percentage of the sample group in each category could be arranged in the

following order: less than 10,000 baht /month (46.2%), 10,001-20,000 baht /month

(27.2%), 20,001-30,000 baht /month (13.3%), 30,001-40,000 baht /month (6.2%),

40,001-50,000 baht /month (5.6%) and more than 50,000 (1.5%). The maximum

income is 80,000 baht /month, the minimum income is 2,000 baht /month and the

average income is 16,577.94 baht/month (S.D. 14205.49).

4.1.2 Cognizant information and the opinion about Lum Ta Kong River in

contingent valuation method (CVM)

Table 4.2 Cognizant information about Lum Ta Kong River (CVM)

Living near Not living near TotalCognizant information about

Lum Ta Kong River F % F % F %

Yes

No

Total

62

28

90

68.9

31.1

100

46

59

105

43.8

56.2

100

108

87

195

55.38

44.62

100

The table 4.2 shows the percentage of sample with cognizant information about

Lum Ta Kong River is 55.38 %, while that without cognizant information about Lum

Ta Kong River is 44.62 %.
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68.9

43.8

31.1

56.2

0

10
20

30
40

50

60
70

80

yes no

yes 68.9 43.8

no 31.1 56.2

living near not living near

Figure 4.1 The percentage the cognizant information about Lum Ta Kong River

in CVM.

From figure 4.1 if classify data into 2 groups by distance, the cognizant

information about Lum Ta Kong Rive of the people who live near Lum Ta Kong River

higher than the people who did not live near Lum Ta Kong River.  This indicates the

interest on Lum Ta Kong River may depend on distance from Lum Ta Kong River.

Table 4.3 Source of cognizant information about Lum Ta Kong River (CVM).

Living near Not living near TotalSource of information

( 121 respondent ) F % F % F %

Television

Radio

Newspaper

Government officer

NGOs

Meeting / Community

radio

Friend / Cousin

Other

Total

18

6

4

13

2

44

41

9

137

13.1

4.4

2.9

9.5

1.5

32.1

29.9

6.6

100

32

15

9

17

0

28

18

5

124

19.2

8

5

11.5

0.8

27.6

22.6

5.4

100

50

21

13

30

2

72

59

14

261

19.2

8

5

11.5

0.8

27.6

22.6

5.4

100

Other* by themselves
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The  table  4.3  shows  the  percentage  of  source  of  cognizant  information  about

Lum Ta Kong River of the sample group. It could be arranged in the following order:

meeting with the head of community / community radio (27.6%), friend / cousin

(22.6%), television (19.2%), government officer (11.5%), radio (8%), other (5.4%),

newspaper (5%) and NGOs (0.8%).

0

5

10

15

20

25

30

35

living near not living near

living near 13.1 4.4 2.9 9.5 1.5 32.1 29.9 6.6

not living near 19.2 8 5 11.5 0.8 27.6 22.6 5.4

Television Radio News
paper

Governm
ent officer

NGOs Meeting
/

Friend /
Cousin

Other

Figure 4.2 The percentage of source of cognizant information about Lum Ta

Kong River in (CVM).

From figure 4.2 if classify data in 2 groups by distance the respondent have a

cognizant information about Lum Ta Kong River from the meeting with the head of

community  or  community  radio  more  than  the  other  sources  which  indicates  the

interaction between the leader of community and the members of community is  rather

good.
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Table 4.4 Disperse of wastewater of household (CVM).

Living near Not living near TotalDisperse of wastewater

F % F % F %

Drain into sewer channel

Drain  into canals/river directly

Sewage treatment tank

Others

Total

55

15

2

18

90

61.1

16.7

2.2

20

100

98

0

6

1

105

93.3

0

5.7

1

100

153

15

8

19

195

78.5

7.7

4.1

9.7

100

*Other Seeps into the ground near the house

The table 4.4 shows percentage of dispersion of wastewater of the sample

group in each category and it can be arranged in the following order: drain into a canal

via the sewer (78.5%) Others (9.7%) drain into canals/river (7.7%) (the respondents

who live near Lum Ta Kong Rive), and sewage treatment tank (4.1%).

The percentage of the people who live near Lum Ta Kong River drain

wastewater into river directly are 16.7% which indicates that the of sewer channel are

did not cover the whole area especially  in the area which is near Lum Ta Kong River.

Table 4.5 Do you know how to Nakhon Ratchasima Municipal currently disposes

the wastewater (CVM).

Living near Not living near TotalDo you know how to Nakhon

Ratchasima Municipal

currently disposal the

wastewater?

F % F % F %

Yes

No

Total

30

60

90

33.3

66.7

100

38

67

105

36.2

63.8

100

68

127

195

34.9

65.1

100

The table 4.5 shows percentage of knowledge how of the sample know Nakhon

Ratchasima Municipal disposes the wastewater, 65.1% of the sample know, while

34.9% is not know.
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33.3

63.866.7

36.2
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80

yes no

yes 33.3 63.8

no 66.7 36.2

living near not living near

 Figure 4.3 The percentage of respondent who know about how Nakhon

Ratchasima Municipal disposes the wastewater in CVM.

From figure 4.3 if classify data into 2 groups by distance most of the

respondent who do not live near Lum Ta Kong River know about disposes of the

wastewater of Nakhon Ratchasima Municipal, while  most of the respondent who live

near  Lum Ta Kong River  do  not  know about  disposes  of  the  wastewater  of  Nakhon

Ratchasima Municipal.

The cause why most people who live near Lum Ta Kong River did not know

about disposed the wastewater of Nakhon Ratchasima Municipal is they disposed of

the wastewater to Lum Ta Kong River directly.

Table 4.6 The people who use  Lum Ta Kong River (CVM).

Living near Not living near TotalUse of Lum Ta Kong River

F % F % F %

Use Lum Ta Kong River

Not use  Lum Ta Kong River

Total

36

54

90

40

60

100

0

105

105

0

100

100

36

159

195

18.5

81.5

100
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The table 4.6 shows the percentage of the sample who use the Lum Ta Kong

River is 18.5% (individual the respondent who living near Lum Ta Kong Rive), while

81.5% do not use it.

Table 4.7 Category of uses of Lum Ta Kong River (CVM).

Category of uses of Lum Ta Kong River

( 36 person from people who live near

Lum Ta Kong River)

Frequency Percentage

(%)

Primary water purposes include swimming

washing and bathing

Agriculture

Animal husbandry

Dispersing wastewater

Other

Total

0

23

1

28

2

54

0

42.6

1.9

51.9

3.7

100

* Other fishery

The table 4.7 shows the percentage of category of Lum Ta Kong River use of

the sample group and it can be arranged in the following order: dispersing wastewater

(51.9%), agriculture (42.6), other (3.7%), animal husbandry (1.9%) and primary water

purposes include swimming washing and bathing (0%).

The agriculture near Lum Ta Kong River used the water from Lum Ta Kong

River in backyard garden such as chinese celery (kun chai), chinese kale (kana),

chinese mustard green  (kwang tung), in addition  the follow is marigolds (dow ruang)

and orchids flower etc. The animals which use water from Lum Ta Kong River is frog,

cow, and pig. The fish which found Lum Ta Kong River were mud fish, catfish,

tilapia, barb, red-cheeked barb and common climbing perch etc.
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Table 4.8 Opinion on water quality of Lum Ta Kong River (CVM).

Living near Not living near TotalOpinion of water quality of

Lum Ta Kong River F % F % F %

1.Excellent (water is clear during

the wet and dry season)

2.Acceptable (water occasionally

turns black in the dry season)

3.Polluted (water is black and

emitting odor)

4.Not sure

Total

6

41

23

20

90

6.7

45.6

25.6

22.2

100

9

28

18

50

105

8.6

26.7

17.1

47.6

100

15

69

41

70

195

7.7

35.4

21

35.9

100

The table 4.8 shows the percentage of opinion of water quality of Lum Ta

Kong River of the sample group and it could be arranged in the following order:  not

sure (35.9%), acceptable (35.4%), polluted (21%) and excellent (7.7%).

6.7

45.6

25.6
22.2

8.6

26.7

17.1

47.6

0

10

20

30

40

50

living near not living near

living near 6.7 45.6 25.6 22.2

not living near 8.6 26.7 17.1 47.6

Excellent Acceptable Pollution Not sure

Figure 4.4 The percentage of respondent about opinion on water quality of Lum

Ta Kong River in CVM.
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From figure 4.4 if classify data into 2 groups by distance the most opinion of

water quality of Lum Ta Kong River from the respondent who live near Lum Ta Kong

River is acceptable or water occasionally turns black in the dry season, while the

respondent who do not live near Lum Ta Kong River is not sure.

The cause of the respondent who lives near Lum Ta Kong River answer

acceptable because the respondent is familiar with the Lum Ta Kong River and the

interviewer was done in rainy season. The water qualities in Lum Ta Kong River were

looked quite alright.

Table 4.9 The major source of wastewater discharges in Lum Ta Kong River

(CVM).

Living near Not living near TotalThe major source of wastewater

discharges in Lum Ta Kong

River.( 110 respondent)

F % F % F %

1. Wastewater from public sewer

of Nakhon Ratchasima Municiple

directly without any treatment.

2. Wastewater from household

near communities into the river

directly without any treatment.

3. Agricultural chemicals

4.Wastewater from animal

husbandry

5.Other

Total

41

63

48

14

15

181

22.7

34.8

26.5

7.7

8.3

100

38

44

42

3

1

128

29.7

34.4

32.8

2.3

0.8

100

79

107

90

17

16

309

25.6

34.6

29.1

5.5

5.2

100

 *Other Less runoff from the upper Lum Ta Kong River.
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The table 4.9 shows the percentage of cause of degraded water quality of Lum

Ta  Kong  River  and  it  for  be  arranged  in  the  following  order:   wastewater  from

household near communities into the river directly without any treatment (34.6%),

agricultural chemicals (29.1%), wastewater from public sewer of Nakhon Ratchasima

Municipal directly without any treatment (25.6%), wastewater from animal husbandry

(5.5%) and other (5.2%).

Public sewer,
25.6%

Household near
river, 34.6%

Agriculture, 29.1%

Animal, 5.5%

Other, 5.2%

Public sewer Household near river Agriculture Animal Other

Figure 4.5 The percentage of major source of wastewater discharges in Lum Ta

Kong River in CVM.

4.1.3 The Value of Lum Ta Kong from Contingent Valuation Method (CVM)

Results of the pre-test

The pre-test’s objective was to try out an improved version of the survey, the

results of which would permit the validation of the instrument, and to obtain the

ranges of the WTP for the design of the dichotomous choice questions.
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Table 4.10 Results of the pre-test survey

Item Result

bath/household/month

Mean 41.11

Percentile 25 20 = Lower bid

Percentile 50 30 = Initial bid

Percentile 75 50 = Upper bid

The table 4.10 shows the results obtained from the pretest survey of the 19

respondents, the mean of willingness to pay was 41.11 baht/household; percentile 25,

percentile 50 and percentile 75 of willingness to pay were 20 bath/household, 30

bath/household and 50 bath/household respectively. Then the initial bid shall be 30

baht/household while, lower bid and upper bid will be 20 baht/household and 50

baht/household, according to.

Willingness to pay in contingent valuation method (CVM)

Table 4.11 The treatment of wastewater before discharging into Lum Ta Kong

River make your utility increase.

Living near Not living near TotalThe treat wastewater before

discharging into Lum Ta Kong

River make your utility

increase.

F % F % F %

Yes

No

Total

79

11

90

87.8

12.2

100

75

30

105

71.4

28.6

100

154

41

195

79

21

100

The table 4.11 shows the percentages about opinion of respondent who think

the utility increase after treating wastewater before discharging into Lum Ta Kong

River is 79%, while 21% do not think so.
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Table 4.12 Willingness to pay

Living near Not living near TotalWillingness to pay

F % F % F %

Willing to pay

Not willing to pay

Total

58

32

90

64.4

35.6

100

44

61

105

41.9

58.1

100

102

93

195

52.3

47.7

100

The table 4.12 shows the percentages of the respondent who are willing to pay

for improving Lum Ta Kong River is 52.3%, while the respondent who are not willing

to pay for improvement of Lum Ta Kong River is 47.7%.

In addition if classify data into 2 groups by distance most of respondent who

live near Lum Ta Kong River are willing to pay, while the respondent who do not live

near Lum Ta Kong River are not willing to pay. This indicated the relationship

between distance and willingness to pay.

Reasons for not paying to improve Lum Ta Kong River and protest responses

Of the respondents, 47.7 % were not willing to pay any amount of money

(Table 4.12). A sample could contain invalid zero responses called protest zero. The

research identified protest zeros for deletion before applying procedure. The approach

of identified protest bid is to ask every respondent who gives a zero value to indicate a

reason for not paying.
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Table 4.13 the reason for not paying.

Living near Not living near TotalReason for not paying

F % F % F %

1. Lum  Ta  Kong  River  is  not

important to me.

2. Do not believe the money will

be used to solve the problem of

Lum Ta Kong River.

3. The government should be

responsible for the problem.

4. Cannot afford to pay.

5. Other

Total

5

3

13

6

5

32

15.6

9.4

40.6

18.8

15.6

100

9

7

27

8

10

60

15

11.6

45

11.6

16.7

100

14

10

40

14

15

93

15

10.8

43

15

16.1

100

Other* I disagree with the payment vehicle; I want to donate once a year.

not important to
me, 15.0%

can't solution,
10.8%

govt should pay,
43.0%

can't afford, 15.0%

other, 16.1%

not important to me can't solution govt should pay can't afford other

Figure 4.6 The percentage of the reason for not paying.
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From figure 4.6, of the zero respondents, 43% explained “the government

should be responsible for the problem” while the remaining 16.1 % explained “I

disagree with the payment vehicle”, 15% explained “Lum Ta Kong River is not

important to me and “cannot afford to pay”, and 10.8 % explained “do not believe the

money will be used to solve the problem of Lum Ta Kong River”

Individuals who answered “do not believe the money will be used solution the

problem of Lum Ta Kong River” and “I disagree with the payment vehicle” were

classified as protest responses and deleted from the sample. On the other hand the

responses  who  answered:  “I  cannot  afford  to  pay  any  amount”  and  “Lum  Ta  Kong

River is not important to me” would be considered valid zeros. Then the sample in this

study is 130 households after excluding protest zero.

In the opinion of this researcher the reasons for not paying for improving Lum

Ta Kong River  was  the  people  were  unaware  of  the  need  to  keep  the  Lum Ta Kong

River clean because they have access to tap water.

Reason for paying to improve Lum Ta Kong River.

Table 4.14 The reason for paying.

Living near Not living near TotalThe reason for paying.

F % F % F %

1. The water in Lum Ta Kong River is

use in the agriculture.

2. Lum Ta Kong River can nationally

treat wastewater

3. Lum Ta Kong River is the recreation

area of Nakhon Ratchasima province

4. Lum Ta Kong River will be available

for their children and children’s

children.

Total

15

5

0

38

58

25.9

8.62

0

65.5

100

4

3

0

37

44

9.1

6.8

0

84.1

100

19

8

0

75

102

18.6

7.8

0

73.5

100

Copyright by Mahidol University



Pornprapa Tatujiranggul                                                                                  Results and Discussion/ 92

The respondents who are willing to pay were 102 samples. From Table 4.14

the percentage of the sample group in each category could be arranged in the

following order: Lum Ta Kong River will be available for their children and children’s

children (73.5%), the water in Lum Ta Kong River is used in the agriculture (18.6%),

Lum  Ta  Kong  River  is  the  place  that  nationally  treats  wastewater  (7.8%).   Lum  Ta

Kong River as the recreation area of Nakhon Ratchasima province was not chosen.

The respondent was not interested Lum Ta Kong River in Nakhon Ratchasima

Municipal as recreation area.

agriculture, 18.6%

available for their
children , 73.5%

support
wastewater, 7.8%

agriculture support wastewater available for their children

Figure 4.7 The percentage of the reason of willingness to pay
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Table 4.15 The most suitable method of the wastewater fee collection.

Living near Not living near TotalThe most suitable method of the

Wastewater fee collection F % F % F %

Surcharge on water bill (monthly)

Surcharge on solid waste disposal

bill (monthly)

Recover through property tax

(year)

Surcharge on its own Lum Ta

Kong treatment fees (monthly)

Total

12

7

0

39

58

20.7

12.1

     0

67.2

100

12

7

1

24

 44

27.3

15.9

2.3

54.5

100

24

14

1

63

102

23.5

13.7

0.9

61.8

100

The table 4.15 showed the percentage of the method of wastewater fee

collection of the sample group. It could be arranged in the following order: surcharge

on its own Lum Ta Kong River (61.8%), surcharge on water bill (23.5%), surcharge

on solid waste disposal bill (13.7%), and Recover through property tax (0.9%).

Table 4.16 Summary of the answers to the WTP questions.

Answers of WTP questions (exclude not

WTP)

Frequency Percentage

(%)

No-No

No-Yes

Yes-No

Yes-Yes

Total

2

38

46

16

102

1.9

37.3

45.1

15.7

100

The table 4.16 showed summary of the answers given by the 102 respondent

and it could be arranged in the following order:  yes-no (45.1%), no-yes (37.3%), yes-

yes (15.7%) and no-no (1.9%).
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No-No, 1.9%

No-Yes, 37.3%

Yes-No, 45.1%

Yes-Yes, 15.7%

No-No No-Yes Yes-No Yes-Yes

Figure 4.8 The percentage of answer to the WTP question.

Table 4.17 The maximum log likelihood from each distribution.

Distribution Maximum Log Likelihood

Log normal -108.6841128 *

Weibull -116.9506299

Log-logistic -110.4151243

  Source: The output from SAS program

Because the true probability distribution of WTP, then the first step of the

analysis would be to try what distribution was the most appropriate. The options

included were the log-normal, weibull and the log-logistic distributions.

The higher maximum log likelihood from the data was obtained from the log-

normal distribution (Table 4.17).

The willingness to pay (WTP) from contingent valuation method (CVM) was

assumed log-normal distribution.
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Table 4.18 Mean of willingness to pay (WTP) from contingent valuation method

(CVM).

Parameter Coefficient  of

Lognormal

distribution

Max Log-Likelihood from not have characteristic X (LnL0) -108.6841128

Max Log-Likelihood from Characteristic X (LnL) -91.04230756

Intercept (µ) 3.0489

Scale (s) 0.2514

Mean WTP 21.76931

Median WTP 21.09213

Pseudo R2 (%) 16.2321841

Source: The output from SAS program

Distribution of WTP is log-normal distribute

Mean WTP is computed as )5.0( 2sm+e

Median WTP is computed as eµ

Pseudo R2 is computed from 1- (restricted log likelihood / unrestricted log-

likelihood) (McFadden, 1974).

The mean and median can vary with the specification of the WTP distribution.

For  a  parametric  model  with  a  log-normal  distribution,  the  mean  WTP  is  given  by
)5.0( 2sm+e where µ and s denote the intercept and scale parameters of the distribution.

Table 4.18 showed the mean willingness to pay per household per month for

improving Lum Ta Kong River was be 21.76 baht/ household and the median

willingness to pay per household per month to improve Lum Ta Kong River was

found to be 21.09 baht/ household, and the pseudo R2 was 16.23 %, that was all

dependent factors in this model could explain willingness to pay by 16.23 %.

Copyright by Mahidol University



Pornprapa Tatujiranggul                                                                                  Results and Discussion/ 96

The mean of contingent valuation method (CVM) at 21.76 bath/household

/month could be used to find the value for improving Lum Ta Kong River of Nakhon

Ratchasima Municipal by multiplying the mean willingness to pay (WTP) per

household by the total household of of Nakhon Ratchasima Municipal in the year 2005

was:

Value of Lum Ta Kong River = Mean WTP per household ´ Total household

                                                                of Nakhon Ratchasima Municipal

= 21.76 ´ 34,504

= 750,807.04   bath /month

= 9,009,684.48 bath /year
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       4.1.4 Determinants of the user’s WTP for Contingent Valuation Method (CVM)

The determinants of the user’s willingness to pay for Contingent Valuation

Method (CVM) were shows in table 4.19

Table 4.19 The parameter estimated from contingent valuation method (CVM).
Characteristic Variable Estimated

Coefficient

Standard

Error

P-value

Intercept 3.0489 0.3412 0.0001

Age 0.0001 0.0033 0.9839

Education

2 = primary high school education

3 = secondary high school education/ Vacation

4 = Diploma

5 = bachelor’s degree

6 = high more bachelor’s degree

0.2307

0.0961

0.2720

0.5245

0.4424

0.2670

0.2796

0.2479

0.2490

0.2442

0.3875

0.7311

0.2724

  0.0352*

0.0700

Resident 0.0044 0.0021 0.0391*

Income 0.0000 0.000 0.0044* *

 Occupation

1 = government officer/State Enterprises

2 = officer

3 = commerce

4 = employee

5 = agriculture

6 = housewife/Retried

-0.1970

-0.1882

-0.0415

-0.1341

-0.1068

0.0000

0.1318

0.1465

0.0902

0.1339

0.1261

0.1349

0.1990

0.6455

0.3167

0.3972

Information

1 = respondent cognizant information about
reservation Lum Ta Kong river
0 = respondent not cognizant information about
reservation Lum Ta Kong river

0.0079

0.0000

0.0666 0.9051

distance 0.0310 0.0663 0.6402

member 0.0054 0.0234 0.8173

Source:   The output from SAS program

Remark * = 0.05 significant level       ** = 0.01 significant level
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Table 4.19 reported the results of the parameter estimated. It was found age,

information, distance from Lum Ta Kong River and number of household members

were not statistically significant for willingness to pay to improved Lum Ta Kong

River

Household income was statistically significant at 0.01 significant levels, which

explained households with larger incomes were willing to pay more to improve Lum

Ta Kong River than households with lower incomes.

Residing duration in the community was statistically significant at 0.05

significant levels. The longer residing duration in the community, the higher willing to

pay for improving Lum Ta Kong River.

The dummy variables were tested from likelihood ratio test (LR Test) shows in

the table 4.20

Table 4.20 Likelihood Ratio Test

Dummy Variable Degree of freedom Max Log

Likelihood from

Restricted Model

Likelihood Ratio

Test

Education 5 -95.89 9.7*

Occupation 5 -92.74 3.4

Source: The output from SAS program

Note Degree of freedom of the group of dummy variable -1, (k-1)

LR Test = -2[LnLR – LnLu ]

LnLR is Max Log-Likelihood from Restricted Model

LnLu is Max Log-Likelihood from Unrestricted Model = -91.04

  Remake * = 0.1 significant level
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The Likelihood Ratio Test compared the maximized log-likelihood function

under the hypothesized restriction (LR) with the unrestricted maximized likelihood

function (L).  The greater the difference between these two values,  the less likely the

restriction was to be true. This test was more flexible than the t-statistic because it can

be used to compare any number of restrictions simultaneously. The test statistic is:

which has a chi-square distribution under the null hypothesis with the number of

degrees of freedom equal to the number of restrictions (McFadden, 1978 in

Hanemann, 1996).

The table 4.20 showed the significance of the dummy variable tested by

likelihood ratio test (LR Test). It was found the education was a statistically significant

at 0.1 significant level and the occupation was not statistically significant at 0.1

significant levels (compare from chi-square distribute degree of freedom 5 = 9.236).
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4.2 Contingent Ranking Method (CRM).

4.2.1 Social-economic characteristics of sample in CRM Method

Of all 195 samples, they could be divided into households who live near Lum

Ta  Kong  River  (90  households)  and  not  live  near  Lum  Ta  Kong  River  (95

households).  The general socio- economic characters of the sample are given in Table

4.21

Table 4.21 Socio-economic characteristics of sample for CRM Method

N = 195Characteristics

Frequency Percentage (%)

Gender

Male

Female

83

112

42.6

57.4

Age (years)

< 25

25-34

35-44

45-54

55-64

> 64

2

23

56

63

40

11

1

11.8

28.7

32.3

20.5

5.6

Max = 77                       Min = 22                      Mean = 47.11               S.D. =11.25

Occupation

Civil servant/ State Enterprises servant

Officer

Own business

General employee

Agricultural

Retired / housewife

Other

33

17

63

35

10

35

2

16.9

8.7

32.3

17.9

5.1

17.9

1
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Table 4.21 Socio-economic characteristics of sample in CRM Method (Cont.)

N = 195Characteristics

Frequency Percentage (%)

Education levels

No education

Primary school

Secondary school

High school

Diploma

Bachelor’s Degree

Master’s degree or higher

1

66

16

56

24

29

3

0.5

33.8

8.2

28.7

12.3

14.9

1.5

Number of family members

< 4

4-6

 > 6

71

109

15

36.4

55.9

7.7

Max = 8                      Min = 1                      Mean = 4.06                  S.D. =1.54

Residing duration in the community

≤ 20

21-40

41-60

> 60

62

78

50

5

31.8

40.0

25.6

2.6

Max = 63                    Min = 1                      Mean = 29.35               S.D. = 15.68

Monthly income ( Baht/Month)

≤ 10,000

10,001-20,000

20,001-30,000

30,001-40,000

40,001-50,000

> 50,000

84

62

22

13

8

6

43.1

31.8

11.3

6.7

4.1

3.1

Max = 73,000             Min = 3,000           Mean = 16,783.58        S.D. =14,194.10
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Gender

The percentage of male in the sample group was 42.6%, while female is 57.4.

Age

The percentage of the sample group in each category could be arranged in the

following order: 45- 54 years old (32.3%), 35-44 years old (28.7%), 55-64 years old

(20.5%), 25-34 years old (11.8%), more than 64 years old (5.6%) and less than 25

years old (1%). The maximum age is 77 years old, the minimum age is 22 years old

and the mean age is 47.11 years old (S.D.= 11.25).

Occupation

The percentage of the sample group in each category could be arranged in the

following order: own business (32.3%), retired / housewife (17.9%), general employee

(17.9%), civil servant/ state enterprises servant (16.9 %) officer (8.7%), agricultural

(5.1%) and other (1%).

Education level

The percentage of the sample group in each category could be arranged in the

following order: primary school (33.8%), high school (28.7%), bachelor’s degree

(14.9%), diploma (12.3%), secondary school (8.2%), master’s degree or higher (1.5%)

and no education (0.5%).

Number of household members

The percentage of the sample group in each category could be arranged in the

following order: 4-6 persons (55.9%), less than 4 persons (36.4%) and more than 6

persons (7.7%). The maximum number of household members is 8 persons per

household, the minimum number of household members is 1 persons per household

and the mean value is 4.06 persons (S.D. = 1.54)
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Residing duration in the community

The percentage of the sample group in each category could be arranged in the

following order: 21-40 years (40.0%), less than 21 years (31.8%), 41-60 years (25.6%)

and more than 60 years (2.6%). The maximum is 63 years, the minimum is 1 years and

the mean value is 29.35 years (S.D. = 15.68).

Monthly income

     The percentage of the sample group in each category could be arranged in the

following order: less than 10,000 baht /month (43.1%), 10,001-20,000 baht /month

(31.8%), 20,001-30,000 baht /month (11.3%), 30,001-40,000 baht /month (6.7%),

40,001-50,000 baht /month (4.1%) and more than 50,000 (3.1%). The maximum

income is 73,000 baht /month, the minimum income is 3,000 baht /month and the

average income is 16,783.58 baht/month (S.D. 14149.10).

4.2.2 Cognizant information and opinion about Lum Ta Kong River in

contingent ranking method (CRM).

Table 4.22 Cognizant information about Lum Ta Kong River (CRM).

Living near Not living near TotalCognizant information

about Lum Ta Kong River F % F % F %

Yes

No

Total

80

10

90

88.9

11.1

100

44

61

105

41.9

58.1

100

  124

71

195

  63.6

36.4

100

The table 4.22 shows the percentage of sample with cognizant information

about Lum Ta Kong River is 63.6%, while that without cognizant information about

Lum Ta Kong River is 36.4%.
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88.9
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100

yes no

yes 88.9 41.9

no 11.1 58.1

living near not living near

Figure 4.9 The percentage of cognizant information about Lum Ta Kong River in

CRM.

From figure 4.9 if classify data into 2 groups by distance the cognizant

information about Lum Ta Kong Rive of the people who live near Lum Ta Kong River

is higher than the people who do not live near Lum Ta Kong River. This indicates the

interest on Lum Ta Kong River may depend on distance from Lum Ta Kong River.

Table 4.23 Source of cognizant information about Lum Ta Kong River (CRM).

Living near Not living near TotalSource of information

( 124 respondent ) F % F % F %

Television

Radio

Newspaper

Government officer

NGOs

Meeting / Community radio

Friend / Cousin

Other

Total

19

11

8

21

4

56

37

26

182

10.4

6.0

4.4

11.5

2.2

30.8

20.3

14.3

100

24

14

10

9

1

14

15

8

95

25.3

14.7

10.5

9.5

1.1

14.7

15.8

8.4

100

   43

25

18

30

5

70

52

34

277

  15.5

9

6.5

10.8

1.8

25.3

18.8

12.3

100

Other* by themselves
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The table 4.23 shows the percentage of source of cognizant information about

Lum Ta Kong River of the sample group. It could be arranged in the following order:

meeting with the head of community / community radio (25.3%), friend / cousin

(18.8%), television (15.5%), other (12.3%), government officer (10.8%), radio (9%),

newspaper (6.5%) and NGOs (1.8%).

0

10

20

30

40

source

living near not living near

living near 10.4 6 4.4 11.5 2.2 30.8 20.3 14.3

not living near 25.3 14.7 10.5 9.5 1.1 14.7 15.8 8.4

Television Radio News
paper

Governm
ent officer

NGOs Meeting
/

Friend /
Cousin

Other

Figure 4.10 The percentage of source of cognizant information about Lum Ta

Kong River (CRM).

From figure 4.10 if classify data into 2 groups by distance the respondent who

living  near  Lum  Ta  Kong  River  have  a  cognizant  information  about  Lum  Ta  Kong

River from the meeting with the head of community or community radio more than the

other sources indicates the interaction between the leader of community and the

members of community is rather good, while the respondent who not living near Lum

Ta Kong River have a cognizant information about Lum Ta Kong River from

television more than the other source indicated the participation between the leader of

community and the members of community is lower than the respondent who living

near Lum Ta Kong River.
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Table 4.24 Disperse of wastewater (CRM)

Living near Not living near TotalDisperse of wastewater

F % F % F %

Drain into sewer channel

Drain  into canals/river directly

Sewage treatment tank

Other

Total

30

23

24

13

90

33.3

25.6

26.7

14.4

100

105

0

0

0

105

100

0

0

0

100

  135

23

24

13

195

69.2

11.8

12.3

6.7

100

*Other Seeps into the ground near the house

The Table 4.24 shows the percentage of dispersion wastewater of the sample

group in each category and it can be arranged in the following order: drain into sewer

channel (69.2%), sewage treatment tank (12.3%), drain into canals/river (11.8%)

(individual the respondent who living near Lum Ta Kong Rive), and other (6.7%)

The percentage of the people who live near Lum Ta Kong River drain

wastewater into river directly are 25.6% which indicates that sewer channel do not

cover the whole area especially  in the area which in near Lum Ta Kong River.

Table 4.25 Do you know how to Nakhon Ratchasima Municipal currently

disposes the wastewater (CRM).

Living near Not living near TotalDo you know how to Nakhon

Ratchasima Municipals

currently disposes the

wastewater?

F % F % F %

Yes

No

Total

41

49

90

45.6

54.4

100

69

36

105

65.7

34.3

100

  110

85

195

56.4

43.6

100

The  table  4.25  shows  the  percentage  of  knowledge  how  of  the  sample  know

about Nakhon Ratchasima Municipal disposes the wastewater ,56.4% of the sample

know, while is 43.6% did not know.
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no 54.4 34.3

living near not living near

Figure 4.11 The percentage of the respondent who know how about Nakhon

Ratchasima Municipals disposes the wastewater in CRM.

From figure 4.11 if classify data into 2 groups by distance most of the

respondent  who did  not  living  near  Lum Ta Kong River  know about  disposal  of  the

wastewater of Nakhon Ratchasima Municipals, while most of the respondent who live

near Lum Ta Kong River do not know about disposal of the wastewater of Nakhon

Ratchasima Municipal.

The cause why most people who live near Lum Ta Kong River do not know

about disposal of the wastewater of Nakhon Ratchasima Municiple is they dispose the

wastewater to Lum Ta Kong River directly.

Table 4.26 Number of people who use Lum Ta Kong River (CRM).

Living near Not living near TotalUse Lum Ta Kong River

F % F % F %

Use Lum Ta Kong River

Not use Lum Ta Kong River

Total

51

39

90

56.7

43.3

100

4

101

105

3.8

96.2

100

55

140

195

28.2

71.8

100

The table 4.26 shows the percentage of the sample who use Lum Ta Kong

River is 28.2%, while 71.8 % do not use it.
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Table 4.27 Category of use of Lum Ta Kong River (CRM).

Category of use of Lum Ta Kong

River ( 55 person from people who

live near Lum Ta Kong River)

Frequency Percentage

(%)

Primary water purposes include

swimming washing and bathing

Agriculture

Animal husbandry

Dispersing wastewater

Other

Total

6

14

6

46

1

73

8.2

19.2

8.2

63

1.4

100

* Other fishery

The table 4.27 shows the percentage of category of \ Lum Ta Kong River use

of the sample group and it can be arranged in the following order: dispersing

wastewater (63%), agriculture (19.2%), primary water purposes include swimming

washing and bathing (8.2%), animal husbandry (8.2%) and other (1.4%).

The agriculture near Lum Ta Kong River used the water from Lum Ta Kong

River in backyard garden such as chinese celery (kun chai), chinese kale (kana),

chinese mustard green  (kwang tung), marigolds (dow ruang) and orchids flower etc.

The animals which use water from Lum Ta Kong River were frog, cow, and pig. The

fish which found in Lum Ta Kong River were mud fish, catfish, tilapia, barb, red-

cheeked barb and common climbing perch etc.
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Table 4.28 Opinion water quality of Lum Ta Kong River (CRM).

Living near Not living near TotalOpinion on of water quality of

Lum Ta Kong River F % F % F %

Excellent (water is clear during

the wet and dry season)

Acceptable (water occasionally

turns black in the dry season)

Polluted (water is black and

emitting odor)

Not sure

Total

11

38

25

16

90

12.2

42.2

27.8

17.8

100

9

27

12

57

105

8.6

25.7

11.4

54.3

100

20

65

37

73

195

10.3

33.3

19

37.4

100

The table 4.28 shows the percentage of opinion of water quality of Lum Ta

Kong River of the sample group and it can be arranged in the following order:  not

sure (37.4%), acceptable (33.3%), polluted (19%) and excellent (10.3%).

12.2

42.2

27.8

17.8

8.6

25.7

11.4

54.3

0

10

20

30

40

50

60

living near not living near

living near 12.2 42.2 27.8 17.8

not living near 8.6 25.7 11.4 54.3

Excellent Acceptable Pollution Not sure

Figure 4.12 The percentage of respondent about opinion on water quality of Lum

Ta Kong River in CRM.
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From figure 4.12 if classify data into 2 groups by distance the most opinion of

water quality of Lum Ta Kong River from the respondent who live near Lum Ta Kong

River is acceptable or water occasionally turns black in the dry season, while the

respondent who do not live near Lum Ta Kong River is not sure.

The cause of the respondent who lives near Lum Ta Kong River answer

acceptable because the respondent is familiar with the Lum Ta Kong River and the

interview  was  done  in  rainy  season.  The  water  quality  in  Lum  Ta  Kong  River  was

looked quite alright.

Table 4.29 The major source of wastewater discharges in Lum Ta Kong River

(CRM).

Living near Not living near TotalThe major source of wastewater

discharges in Lum Ta Kong

River. ( 102 respondent)

F % F % F %

1. Wastewater from public sewer

of Nakhon Ratchasima Municipal

directly without any treatment.

2. Wastewater from household

near communities into the river

directly without any treatment.

3. Agricultural chemicals.

4. Wastewater from animal.

husbandry

5.Other

Total

36

57

53

17

18

181

19.9

31.5

29.3

9.4

9.9

100

25

38

31

10

1

105

23.8

36.2

29.5

9.5

1

100

   61

95

    84

27

19

286

  21.3

33.2

  29.4

9.4

6.6

100

*Other Less runoff from the upper Lum Ta Kong River.
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The table 4.29 shows the percentage of cause of degraded water quality of Lum

Ta  Kong  River  and  it  for  be  arranged  in  the  following  order:   wastewater  from

household near communities into the river directly without any treatment (33.2%),

agricultural chemicals (29.4%), wastewater from public sewer of Nakhon Ratchasima

Municipal directly without any treatment (21.3%), wastewater from animal husbandry

(9.4%) and other (6.6%).

Public sewer,
21.3%

Household near
river, 33.2%

Agriculture, 29.4%

Animal, 9.4% Other, 6.6%

Public sewer Household near river Agriculture Animal Other

Figure 4.13 The percentage of major source of wastewater discharges in Lum Ta

Kong River in CRM.

Moreover  the  major  causes  of  wastewater  in  Lum Ta Kong River  which  was

construction of water gates which keep the water stagnant. Stagnant water means

garbage or wastewater is not going any where but rots and accumulates. In addition

stagnant water has little contact with air, resulting in less evaporation and high

temperature. And warm water contains less oxygen than cool water. With limited air

contact, less oxygen is dissolved in the water, and some factories have surreptitiously

discharged untreated wastewater into Lum Ta Kong River to avoid high treatment

costs.
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4.2.3 The value of Lum Ta Kong from Contingent Ranking Method (CRM).

Ranked data were analyzed by ordered logit estimation. The dependent

variable was the ranking of the three attribute and the independent variables were the

treatment (treat), recreation (recreation), consumption (consumption) and expenses

(COST). The social characteristic variables used were monthly income (Income), age

(AGE), education (EDU), occupation (Occ), resident community (Resident), member

of household (MEM), recognize information (Info), distant (DIS). These socio

characteristic variables enter the estimation interactively with the treatment (treat),

recreation (recreation), consumption (consumption).

Five specifications of the ordered logit models were experimented. Models 1

were the basic model which included only the attributes, expenses and income. Model

2 contained all the variables in Model 1 adding interactive social characteristic

variables with the treatment attribute. Model 3 contained all the variables in Model 1

adding interactive social characteristic variables with the recreation attribute. Model 4

contained all the variables in Model 1 adding interactive social characteristic variables

with the consumption attribute. Model 5 included all of attribute, expenses, income

and interactive all attribute with social characteristic variables. The results of the

ordered logit estimation were reported in Table 4.30.
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Table 4.30 Parameter estimates from ordered logit model.

Variable Model 1

Coefficient

(t-ratio)

Model 2

Coefficient

(t-ratio)

Model 3

Coefficient

(t-ratio)

Model 4

Coefficient

(t-ratio)

Model 5

Coefficient

(t-ratio)

Treat 3.0566

(2.917)

2.9599

(2.304)

2.9663

(2.830)

3.0933

(2.951)

3.3993

(2.546)

Recreation 7.7260

(2.509)

7.5316

(2.400)

6.8567

(2.190)

7.8024

(2.533)

6.2180

(1.960)

Consumption 16.1887

(2.630)

15.7987

(2.519)

15.6200

(2.537)

17.4017

(2.804)

16.6767

(2.668)

Cost -0.0526

(-1.269)

-0.0502

(-1.212)

-0.0478

(-1.176)

-0.0532

(-1.310)

-0.0449

(-1.097)

Cost/Income 16.8311

(2.629)

19.8184

(2.989)

11.8644

(1.638)

21.4602

(2.772)

19.3038

(2.271)

Treat *Age - 0.0019

(0.197)

- - 0.0014

(0.133)

Treat

*Edu_Y

- 0.0119

(0.319)

- - -0.0032

(-0.074)

Treat *Occ_1 - 0.8311

(0.843)

- - 1.4567

(1.408)

Treat *Occ_2 - - 0.5310

(-1.537)

- - -0.6092

(-1.563)

Treat *Occ_3 - -0.6175

(-1.273)

- - -1.0950

(-2.004)

Treat *Occ_4 - -0.4761

(-1.464)

- - -0.8481

(-2.332)

Treat *Occ_5 - -0.3652

(-1.303)

- - -0.5518

(-1.760)

Treat *Occ_6 - 0.1507

(0.368)

- - 0.1721

(0.377)

Treat *Res - 0.0034

(0.514)

- - -0.0018

(-0.248)
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Table 4.30 Parameter estimates from ordered logit model (Cont.)

Variable Model 1

Coefficient

(t-ratio)

Model 2

Coefficient

(t-ratio)

Model 3

Coefficient

(t-ratio)

Model 4

Coefficient

(t-ratio)

Model5

Coefficient

(t-ratio)

Treat *Mem - -0.0335

(-0.517)

- - -0.0228

(-0.313)

Treat *Info - 0.2326

(1.039)

- - 0.2461

(0.973)

Treat *Distan - -0.0550

(-0.247)

- - -0.1186

(-0.471)

Recreation

*Age

- - 0.0008

(0.104)

- 0.0017

(0.180)

Recreation *

Edu_Y

- - 0.0147

(0.480)

- 0.0265

(0.720)

Recreation

*Occ_1

- - -0.9457

(-1.125)

- -1.3247

(-1.313)

Recreation

*Occ_2

- - -0.0198

(-0.068)

- 0.1494

(0.435)

Recreation

*Occ_3

- - 0.4475

(1.061)

- 0.8653

(1.786)

Recreation

*Occ_4

- - 0.3318

(1.191)

- 0.6680

(2.097)

Recreation

*Occ_5

- - 0..2028

(0.850)

- 0.3474

(1.258)

Recreation

*Occ_6

- - 0.0038

(0.012)

- 0.0027

(0.007)

Recreation

*Res

- - 0.0071

(1.322)

- 0.0105

(1.649)

Recreation

*Mem

- - -0.0182

(-0.347)

- -0.0246

(-0.398)

Recreation

*Info

- - 0.0756

(0.418)

- 0.0156

(0.072)

Recreation

*Distan

- - 0.0342

(0.191)

- 0.1094

(0.511)
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Table 4.30 Parameter estimates from ordered logit model (Cont.)

Variable Model 1

Coefficien

t

(t-ratio)

Model 2

Coefficient

(t-ratio)

Model 3

Coefficient

(t-ratio)

Model 4

Coefficient

(t-ratio)

Model5

Coefficient

(t-ratio)

Consumption

*Age

- - - -0.0060

(-0.575)

-0.0069

(-0.633)

Consumption

*Edu_Y

- - - -0.0534

(-1.312)

-0.0633

(-1.483)

Consumption

*Occ_1

- - - -1.7112

(-1.632)

-0.9412

(-0.863)

Consumption

*Occ_2

- - - -0.0595

(-0.152)

-0.1072

(-0.263)

Consumption

*Occ_3

- - - -0.3529

(-0.639)

-0.6236

(-1.059)

Consumption

*Occ_4

- - - -0.3126

(-0.840)

-0.5424

(-1.398)

Consumption

*Occ_5

- - - 0.0530

(0.167)

-0.0526

(-0.158)

Consumption

*Occ_6

- - - -0.4048

(-0.967)

-0.4150

(-0.941)

Consumption

*Res

- - - -0.0077

(-1.105)

-0.0123

(-1.659)

Consumption

*Mem

- - - 0.1095

(1.622)

0.1194

(1.681)

Consumption

*Info

- - - -0.1728

(-0.752)

-0.2020

(-0.831)

Consumption

*Distan

- - - -0.0663

(-0.288)

-0.0983

(-0.404)

Log Likelihood

function

-1428.381 -1424.093 -1423.404 -1421.721 -1407.451

Chi-square 281.6461 290.2182 291.5969 294.9613 323.5019

Source: The output from Limdep program Remake * = 0.05 significant level
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Table 4.30 showed the ordered logit estimation across all 5 models seemed

consistent. Three of attributes, Treat, Recreation and Consumption have positive signs

as expected. This meant that the treat, recreation and consumption, had positive

contributions towards indirect utility. Expenses (COST) had a negative impact as

expected. This meant that consumers preferred to take a lower cost attribute. Income

(INC), when interacted with COST as an inverse, had a positive sign as expected.

The log likelihood function for each of the five models indicates an excellent

goodness of fit. The model 5 had the log likelihood function and significant parameter

estimate more than other model. Then the suitable model for this research was model5.

From these results, parameter estimate from Model 5 could be used to calculate

the value (Treat Recreation Consumption).The parameter estimates (coefficients) from

the ordered logit model represented the unknown parameters in the indirect utility

function for individual i, that was:

U = 3.3993 (treat) + 6.2180 (Recreation) + 16.6767(Consumption)-

0.0449 (Cost) + 19.3038 (Cost/Income) + 0.0014 (Treat*Age) -0.0032 (Treat*Edu_Y) +

1.4567(Treat*Occ_1) -0.6092(Treat*Occ_2) -1.0950(Treat*Occ_3) 0.8481(Treat*Occ_4)

-0.5518(Treat*Occ_5) +0.1721 (Treat*Occ_6) -0.0018  (Treat*Resident) -0.0228(Treat*Mem)

+ 0.2461 (Treat *Info) -0.1186(Treat *Distan) +0.0017 (Recreation *Age)+0.0265(Recreation

*Edu_Y)-1.3247 (Recreation *Occ_1) +0.1494(Recreation *Occ_2) +0.8653 (Recreation

*Occ_3) +0.6680(Recreation *Occ_4) +0.3474(Recreation *Occ_5) +0027(Recreation *Occ_6)

+0.0105(Recreation *Resident)- 0.0246(Recreation *Mem) +0.0156 (Recreation  *Info)

+0.1094(Recreation *Distan) -0.0069(Consumption *Age) -0.0633(Consumption *Edu_Y)

 -0.9412 (Consumption *Occ_1) -0.1072(Consumption *Occ_2) -0.6236(Consumption *Occ_3)

-0.5424(Consumption *Occ_4) -0.0526(Consumption *Occ_5) -0.4150(Consumption *Occ_6)

-0.0123 (Consumption *Resident) +0.1194(Consumption*Mem) -0.2020(Consumption *Info)

 -0.0983(Consumption *Distan)
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The value of each of the attributes was obtained by adopting the concept of

utility- constant welfare measurement. This concept simply calculates the amount of

money required to compensate for a one unit change in the level of the attribute,

holding the level of utility constant. This was essentially the calculation of the

marginal rate of substitution between each of the attributes and money (COST).

Because the resulting marginal rate of substitution depended on the level of social

characteristics, the values of these recreational attributes could differ from consumer

to consumer. The values of these three attributes have thus been calculated for each

consumer and Table 4.31 reported the average of each value from contingent ranking

method (CRM).

Copyright by Mahidol University



Pornprapa Tatujiranggul                                                                                  Results and Discussion/ 118

Table 4.31 Average values of Lum Ta Kong River from CRM

Type of value

Lum Ta Kong

River

Marginal Rate of Substitution of

Consumer

Average Value

(bath/household/

month)

Value of treat  - [ 3.3993 + 0.0014(Age) -0.0032(Edu_Y)

+ 1.4567(Occ_1)- 0.6092(Occ_2 ) -

1.0905(Occ_3)) -0.8481(Occ_4) -

0.5518(Occ_5)  +0.1721(Occ_6) -

0.0018(Resident) - 0.0228(Mem) +

0.2461(Info) -0.1186(Distan)] / [-0.0449 +

(19.3038/Income)]

67.83

Value of

recreation

-[6.2180 + 0.0017 (Age) +0.0265 (Edu_Y)

-1.3247(Occ_1)  +0.1494 (Occ_2)  +0.8653

(Occ_3 ) +0.6680 (Occ_4)) +0.3474

(Occ_5) +0.0027 (Occ_6)  +0.0105

(Resident)- 0.0246 (Mem) +0.0156(Info)

+0.1094 (Distan)] / [-0.0449 +

(19.3038/Income)]

168.94

Value of

consumption

-[ 16.6767 -0.0069(Age) -0.0633 (Edu_Y) -

0.9412(Occ_1)  - 0.1072(Occ_2) -

0.6236(Occ_3)) -0.5424(Occ_4) -

0.0526(Occ_5)  -0.4150(Occ_6)  -0.0123

(Resident) +0.1194(Mem) -0.2020(Info) -

0.0983  (Distan)] / [-0.0449 +

(19.3038/Income)]

355.04
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Welfare calculation in Table 4.31 showed that the value of wastewater

treatment Lum Ta Kong River in Nakhon Ratchasima Municipal was about 67.83

bath/ household/month, the value of recreation of Lum Ta Kong River in Nakhon

Ratchasima Municipal was about 168.94 bath/ household/month and the value of

consumption of Lum Ta Kong River in Nakhon Ratchasima Municipal was about

355.04 bath/ household/month.

Then the average of contingent ranking method (CRM) could be used to

calculate the value for improving Lum Ta Kong River of Nakhon Ratchasima

Municipal by multiplying the average each value by the total household of of Nakhon

Ratchasima Municipal in the year 2005 was:

Value of Lum Ta Kong River = Average value per household ´ Total

household of Nakhon Ratchasima Municipal

Table 4.32 Value of Lum Ta Kong River from contingent ranking method (CRM)

Type of value Lum Ta Kong River Value of Lum Ta Kong River

(baht/year)

Value of wastewater treatment 28,084,875.84

Value of Recreation 69,949,269.12

Value of Consumption 147,003,601.92

Table 4.32 reported the type of value of Lum Ta Kong River. It was found the

value  of  consumption  of  Lum  Ta  Kong  River  was  higher  than  the  other  values  that

were 147,003,601.92 baht/year.
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4.3 The cost-benefit analysis

Cost of 2nd wastewater treatment system the analysis covered the following

Investment cost included the plant design of wastewater treatment system cost,

construction cost and cost of control unit.

Operation cost included maintenance cost, water analysis cost, tab water cost,

labor cost, office cost, electric cost and public relation expense.

Machine replacement cost was the cost replaces the machine during the system

service life which was 25 years.

4.3.1 Economic analysis

The justification for investment of the 2nd wastewater treatment system with

the value of Lum Ta Kong River was done by net present value (NPV), benefit-cost

ratio  (B/C  ratio)  and  internal  rate  of  return  (IRR)  which  based  on  time  value

adjustment. The results were as follows:

 The net present value (NPV), benefit-cost ratio (B/C ratio) and internal rate of

return  (IRR)  for  2nd wastewater treatment system were calculated based on research

data, questionnaire and techniques used.

The economic analysis is adjusted market value to economic value by

conversion factor. The conversion factors for this study was 0.92 (Table 4.34) and use

the discount rate at 8% was assumed.
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Table 4.33 Cost of 2nd wastewater treatment system adjusted by conversion factor

(0.92).

Source Nakhon Ratchasima Municipal, 2005

Year Investment

cost

(Baht/year)

Operation cost

(Baht/year)

Machine

replacement

(Baht/year)

Total cost

(Baht/year)

2006 131,661,273 0 131,661,273

2007 100,372,361 0 100,372,361

2008 55,601,983 0 55,601,983

2009 - 16,655,536 0 16,655,536

2010 - 16,655,536 0 16,655,536

2011 - 16,655,536 0 16,655,536

2012 - 16,655,536 13,958,225 30,613,761

2013 - 16,655,536 0 16,655,536

2014 - 16,655,536 0 16,655,536

2015 - 16,655,536 0 16,655,536

2016 - 16,655,536 0 16,655,536

2017 - 16,655,536 0 16,655,536

2018 - 16,655,536 51,559,294 68,214,830

2019 - 16,655,536 0 16,655,536

2020 - 16,655,536 0 16,655,536

2021 - 16,655,536 0 16,655,536

2022 - 16,655,536 13,958,225 30,613,761

2023 - 16,655,536 0 16,655,536
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Table 4.33 Cost of 2nd wastewater treatment system adjusted by conversion factor

(0.92) (Cont.)

Source Nakhon Ratchasima Municipal, 2005

Contingent Valuation Method (CVM)

The value of Lum Ta Kong River from contingent valuation method (CVM)

which was 9,009,684.48 baht/year was used as the benefit.

As it turned out Net Present Value (NPV) was -359,115,697.069 baht (< 0),

benefit at present value is lower than present value of cost. Benefit-cost ratio (B/C

ratio) was 0.177(< 1). These results of this indicated that the investment of the 2nd

wastewater treatment system was not worthwhile.

Year Investment

cost

(Baht/year)

Operation cost

(Baht/year)

Machine

replacement

(Baht/year)

Total cost

(Baht/year)

2024 - 16,655,536 0 16,655,536

2025 - 16,655,536 0 16,655,536

2026 - 16,655,536 0 16,655,536

2027 - 16,655,536 0 16,655,536

2028 - 16,655,536 51,559,294 68,214,830

2029 - 16,655,536 0 16,655,536

2030 - 16,655,536 0 16,655,536

2031 - 16,655,536 0 16,655,536

2032 - 16,655,536 13,958,225 30,613,761

2033 - 16,655,536 0 16,655,536

2034 - 16,655,536 0 16,655,536

Total 287,635,616 433,043,925 144,993,264 865,672,805
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Contingent Ranking Method (CRM)

The value of treat of Lum Ta Kong River from contingent ranking method

(CRM) which was 28,084,875.84 baht/year was used as the benefit of the investment.

According to the calculation, Net Present Value (NPV) was -195,425,585 baht

(< 0). Benefit-cost ratio (B/C ratio) was 0.55 (<1).Internal rate of return (IRR) is - 4 %.

These results study also indicated that the investment of the 2nd wastewater treatment

system was not worthwhile.

From both economic benefit-cost analyses, value of Lum Ta Kong from both

CVM and CRM did not provide sufficiently high benefit for the installation of

treatment unit. It should be however pointed out that only one benefit was included in

the analysis Lum Ta Kong River does provide other benefit also.

4.3.2 Financial analysis

Table 4.34 Cash flow of 2nd wastewater treatment system

Source Nakhon Ratchasima Municipal, 2005

Year Investment

cost

(Baht/year)

Operation

cost

(Baht/year)

Machine

replacement

(Baht/year)

Total cost

(Baht/year)

Required

revenue

Case I

Required

revenue

Case II

2006 143,110,079 - - 143,110,079

2007 109,100,392 - - 109,100,392

2008 60,436,938 - - 60,436,938

2009 - 18,103,843 - 18,103,843 21,799,627.2 16,657,151.04

2010 - 18,191,298 - 18,191,298 21,799,627.2 16,657,151.04

2011 - 18,278,753 - 18,278,753 21,799,627.2 16,657,151.04

2012 - 18,366,209 15,171,984 33,538,193 21,799,627.2 16,657,151.04

2013 - 18,453,664 - 18,453,664 21,799,627.2 16,657,151.04

2014 - 18,541,119 - 18,541,119 21,799,627.2 16,657,151.04

2015 - 18,628,575 - 18,628,575 21,799,627.2 16,657,151.04

2016 - 18,716,414 - 18,716,414 21,799,627.2 16,657,151.04

2017 - 18,804,313 - 18,804,313 21,799,627.2 16,657,151.04

2018 - 18,892,256 56,042,711 74,934,967 21,799,627.2 16,657,151.04

2019 - 18,980,225 - 18,980,225 21,799,627.2 16,657,151.04

2020 - 19,068,202 - 19,068,202 21,799,627.2 16,657,151.04

2021 - 19,156,170 - 19,156,170 21,799,627.2 16,657,151.04

2022 - 19,244,112 15,171,984 34,416,096 21,799,627.2 16,657,151.04
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Table 4.34 Cash flow of 2nd wastewater treatment system (Cont.)

Source Nakhon Ratchasima Municipal, 2005

It was quite obvious that the system could not be financially viable also.

However, breakeven revenue was calculated in order to compute wastewater treatment

per household. Breakeven revenue meant required revenue that could make the net

present value (be zero) or benefit-cost ratio (be one) assuming financiered discount

rate at 5%. Case I represented the charge per household per month at 52.65

(21,799,627.20/ (12*34,504) baht to cover machine replacement and operation cost

while case II the charge was 40.23 (16,657,151.04/(12*34,504) baht per month per

household in order to cover only operation cost. However, in order to cover all costs

the charge had to be 105.19 baht per month per household. It should be pointed out

that according to both CVM and CRM method the willingness to pay per month per

household were not sufficient to cover initial investment, machine replacement and

operation cost.

Year Investment

cost

(Baht/year)

Operation

cost

(Baht/year)

Machine

replacement

(Baht/year)

Total cost

(Baht/year)

Required

revenue

Case I

Required

revenue

Case II

2023 - 19,332,010 - 19,332,010 21,799,627.2 16,657,151.04

2024 - 19,419,846 - 19,419,846 21,799,627.2 16,657,151.04

2025 - 19,507,600 - 19,507,600 21,799,627.2 16,657,151.04

2026 - 19,595,256 - 19,595,256 21,799,627.2 16,657,151.04

2027 - 19,682,795 - 19,682,795 21,799,627.2 16,657,151.04

2028 - 19,770,198 56,042,711 75,812,909 21,799,627.2 16,657,151.04

2029 - 19,857,446 - 19,857,446 21,799,627.2 16,657,151.04

2030 - 19,944,521 - 19,944,521 21,799,627.2 16,657,151.04

2031 - 20,031,403 - 20,031,403 21,799,627.2 16,657,151.04

2032 - 20,118,073 15,171,984 35,290,057 21,799,627.2 16,657,151.04

2033 - 20,204,513 - 20,204,513 21,799,627.2 16,657,151.04

2034 - 20,290,702 - 20,290,702 21,799,627.2 16,657,151.04

Total 312,647,409 499,179,516 157,601,374 969,428,299 -  -
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4.4 Discussion

1. This study uses 2 valuation methods for value Lum Ta Kong River which

were contingent valuation method (CVM) and contingent ranking method (CRM). The

value by contingent valuation method (CVM) was 21.76 baht/month/household lower

than the value of Lum Ta Kong River by contingent ranking method (CRM) which

was 67.83 baht/month/household.

In theory the value from both methods should be not a lot of different but in

this study difference was quite large. The respondent might be compare the willing to

pay with the expense of eradicate the garbage in each month in contingent valuation

method (CVM) that make the respondents think about the expense if their must pay

more than the requirement for change or improve environment. While in  contingent

ranking method (CRM) give the value more than  contingent valuation method (CVM)

might be the respondents think about the preference of attribute litter more the expense

if their must pay.

2. After comparing this value with those of the other river in Thailand, the

value of Lum Ta Kong River was considerably less than the value of the other river.

Tapvong and Kruavan (1999) studied Quality Improvements: A Contingent

Valuation Study of the Chao Phraya River.  This study to estimate the willingness of

Bangkok residents to pay for improved water quality by conducting a contingent

valuation survey (double bounded format). The mean value of the fee for treatment of

water to level 1 (fish could survive) and level 2 (can use Chao Phraya River for

swimming) were found to be 100.81 and 115.03 baht/month.

 Moreover after comparing with the value of the river in other country the

value of Lum Ta Kong River also turned out to be comparable for China but much less

for the UK.

Swanson, Day and Mourato (1999) are study valuing water quality in china.

This study used contingent valuation questionnaire the average WTP per household

per year for the prevention of water quality deterioration was found to be 123 Yuan

(US$15) for the Chaobai and 101 Yuan (US$12) for the Nan Sha He. And average

WTP per household per year to maintain the quality of all Beijing Rivers was

estimated to be 186 Yuan (US$22).
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Bateman et al (2006) studied comparing contingent valuation and contingent

ranking: A case study considering the benefits of urban river water quality

improvements. In the CV valuation tasks, all respondents were asked open-ended

question. The CR exercise asked respondents to rank the four options (S, M, L and the

current situation C) in order of preference.

WTP (£ per household per annum) for River Tame water quality improvements.

The results were nerveless similar in term of CRM yielded higher value than

the CVM.

3.  This  study  expected  the  value  of  Lum  Ta  Kong  River  for  the  people  who

live near Lum Ta Kong River to be higher than the value of  Lum Ta Kong River for

the people who do not live near Lum Ta Kong River. In the result the value of Lum Ta

Kong River for the people who live near Lum Ta Kong River was not statistically

different from the value of Lum Ta Kong River for the people who do not live near

Lum Ta Kong River.  This empirically implies both groups the respondent of both

technical equally realized about importance of Lum Ta Kong River.

4. This study expected the value of Lum Ta Kong River to be higher than the

cost of the 2nd wastewater treatment system but the results were otherwise. Most

respondent who do not live near Lum Ta Kong River might not know about situation

of water quality of Lum Ta Kong River which was deteriorate while some respondent

who live near Lum Ta Kong River knew about the situation but they though it normal

Furthermore, they no longer depended much on river and it reflected in their

wiliness to pay.

              5. This study found the coefficients of education, residing duration in the

community, household incomes were statistical significant and hence they were

Water quality improvement, mean WTP

Small (S) Medium (M) Large (L)

CRM 8.64 21.34 31.50

CVM Protests include 7.60 12.07 18.12

CVM Protests exclude 9.60 15.24 22.89
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factors affected willingness to pay (WTP) for improving water quality of Lam Ta

Kong River hypothesized.

On the other hand age, distant from Lum Ta Kong River, occupation,

cognizant information and number of household members were not the factors that had

influence on willingness to pay (WTP) for improving water quality of Lam Ta Kong

river.

6. In order to recover the operation cost of the system, the municipality must at

least charge the fee at 40.23 bath/household/month. The amount is twice garbage

disposal fee which account for less than percent of average income. On one hand, this

seems reasonable that no local in Thailand has collected wastewater treatment fee.

.
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CHAPTER V

CONCLUSION AND RECOMMENDATIONS

This study of valuing Lum Ta Kong River: A case study of Nakhon

Ratchasima municipality aimed to estimate the value of Lum Ta Kong River from the

people who resided in Nakhon Ratchasima municipality by contingent valuation

method (CVM) and contingent ranking method (CRM); in addition the factor were

affecting the willingness to pay for improving the quality of Lam Ta Kong River.

Moreover, examined the value of Lam Ta Kong River passing Nakhon Ratchasima

Municipality  was  compared  with  the  cost  of  the  2nd wastewater treatment system.

Accordingly, the conclusions of this study were as follow;

The study populations were the head of household in Nakhon Ratchasima

Municipality. The total sample size was 390; divided into 195 samples for contingent

valuation method (CVM) 195 samples for contingent ranking method (CRM). The

data collection was done during 20th July to 30th September 2006.

Copyright by Mahidol University



Fac. of Grad Studies, Mahidol Univ.                 M.Sc.(Techonology of environmental management)/ 129

5.1 Conclusion

The conclusion in this study includes the socio-economic characteristics of

respondent,  the value of Lum Ta Kong River and the cost-benefit  analysis of the 2nd

wastewater treatment system.

5.1.1 Contingent Valuation Method (CVM)

The socio-economic characteristics of respondent in contingent valuation

method (CVM) indicated that 59% of respondents were female with average age of

50.08 years old. Most respondent owned business and had primary school, the average

number of household members was 4.07 persons and the average of residing duration

in the community was 31.66 years. The average monthly income was 16,577.94 baht/

household.

The value of Lum Ta Kong River in Nakhon Ratchasima Municipal in

contingent valuation method (CVM) was 9,009,684.48 baht /year or an average of

21.76 baht/household/month.

The determinants of the user’s WTP for Contingent Valuation Method (CVM)

were household income, residing duration in the community, and education.

5.1.2 Contingent Ranking Method (CRM)

The socio-economic characteristics of respondent in contingent ranking

method (CRM) indicated that 57.4% of respondents were female, with average age of

47.11 years old. Most respondent owned business and had primary school, the average

number of household members was 4.06 persons and the average of residing duration

in the community was 29.35 years. The average of monthly income was 16,783.58

baht/ household.

The value of Lum Ta Kong River in contingent ranking method (CRM) had 3

values; the value of treatment was 28,084,875.84 baht /year or an average of 67.83

baht/household/ month, the value of recreation was 69,949,269.12 baht /year or an

average of 168.94 baht/household/ month and the value of consumption was

147,003,601.92 baht /year or an average of 355.04 baht/household/ month.
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5.1.3 Cost-Benefit Analysis of

In economic analysis with the benefit estimated by the contingent valuation

method (CVM) and 8% discount rate, Net Present Value (NPV) was -359,115,697.069

baht (< 0),  and Benefit-cost  ratio (B/C ratio) was 0.177(< 1).  These results indicated

that the investment of the 2nd   wastewater treatment system were not viable.

In economic analysis with the benefit estimated by the contingent ranking

method (CRM) and 8% discount rate, Net Present Value (NPV) was -195,425,585 baht

(< 0);, Benefit-cost ratio (B/C ratio) was 0.55 (<1).Internal rate of return (IRR) was - 4

%, The results also showed that the investment of the 2nd  wastewater treatment system

was not worthwhile.

The benefit which used in cost-benefit analysis in this study that was the value

for wastewater treatment of Lum Ta Kong River. In fact, that value was just one

component of the total value of Lum Ta Kong River which was still unknown.

The cost-benefit analysis thus may be more favorable if the total value can be

estimated.

The financial aspect in this study tried to find the appropriate price or

breakeven  price  to  cover  the  operating  cost  of  the  2nd wastewater treatment system.

Case I represents the charge per household per month at 52.65 bath to cover machine

replacement and operation cost while case II the charge at 40.23 baht per month per

household shall cover only operation cost. However, in order to cover all cost the

charge has to be 105.19 baht per month per household which in considered very high.

It should be pointed out that only the willingness to pay per month per household by

CRM is sufficient for the charge to cover, machine replacement and operation cost.

5.2 Limitation of the study

1. The expenses of recreation project in contingent ranking method (CRM)

were approximates from 2 trips per month. In fact the question”How many times

should have been arked.

2. In contingent ranking method (CRM) the choice should not exceed for five

to avoid difficulty in ranking.  There were options in this study.
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3. Option 2 was the recreation project without any wastewater treatment. Some

respondent possibly confused with option 3 because there was no treatment in this

option while option 3 had both aspects.

5.3 Recommendations

The recommendations in this study are divided into policy recommendation

and further research recommendation as follows;

5.3.1 Policy Recommendation

1. The real value and the importance of Lum Ta Kong River in the areas should

be proposed to concerned agencies that have the authority to allocate the appropriate

budget for natural conservations and can be used to improve planning for Lum Ta

Kong River management.

2. This study found the percentage of the respondent who are not willing to pay

were rather high because the people in Nakhon Ratchasima Municipal do not know

about  water  quality  situation  of  Lum  Ta  Kong  River  and  priority  should  be  to  raise

awareness about the situation of Lum Ta Kong River.

3. This study found most people received information about Lum Ta Kong

River from the head of community and television. Then if the government wants to

publicize about Lum Ta Kong River. The head of community and public relations by

television should be incorporated into the campaign.

4. This study found the percentage of people who did not know about the

wastewater disposal of Nakhon Ratchasima Municipal was high. Nakhon Ratchasima

Municipal should publicize about the benefit of wastewater treatment system in the

plain language.

5. Factors influencing willingness to pay for improving Lum Ta Kong River

included income, residing duration in the community, and education. Government and

related organizations should be aware of those factors which ought to be stressed in

order to ensure effective management.

6. This study found the most suitable method of the wastewater treatment fee

collection was surcharge on its own Lum Ta Kong treatment fees (monthly). If the

governments have the policy to collect fee for improving Lum Ta Kong River should

be introduced Lum Ta Kong treatment fees (monthly) especially.
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7. This study found the most reason of not willingness to pay for improve Lum

Ta Kong River then if the government have a plan for find the budget for

improvement of Lun Ta Kong River, it should recover in the form of tax.

8. Cooperative should be enhanced among governmental agencies to make sure

responsible jobs are carried out effectively.

9. This study found the some household who live near Lum Ta Kong River

drain wastewater directly into Lum Ta Kong River because they have no sewer. The

government should develop and construct complete sewer system.

10. This study expected the value of Lum Ta Kong River from the people who

live near Lum Ta Kong River be higher than the value of  Lum Ta Kong River from

the people who do not live near Lum Ta Kong River. If the government wants to

improve Lum Ta Kong River the participation of everyone (Holistic) should be

emphasized not just the people who do not live near Lum Ta Kong River.

5.3.2 Further Research Recommendation

1. Other economic values such as ecological value should be estimated in order

to stress the importance of Lum Ta Kong River.

2. Similar study should be carried out in other river for comparison and for

policy formulation.

3. Further research should consider seasonal pattern because in rainy season

the water quality to tend be better than in dry season. The respondent might be willing

to pay for improving Lum Ta Kong River in dry season higher than rainy season.

4. In this study the population is household who live in Nakhon Ratchasima

community. Further research should consider including various types of business such

as hotel and restaurant.

5. It was found that many respondents had difficulties answering both the

ranking and double bound format. Interviewer must understand questionnaire and

concept in valuation and be able to clearly explain to the respondent.

Copyright by Mahidol University



 Fac. of Grad Studies, Mahidol Univ          M.Sc.(Techonology of environmental management)/133

REFFERENCES

African Water Development Report.  (2006). Valuing water.  Retrieved january 12,

2007, from: http://www.uneca.org/awich/AWDR%202006/Valuing%20

Water. pdf .

Asafu-Adjaye, J. (2005). Environmental economics for non- economists:   techniques

and Policies for sustainable development. Singapore: Mainland Press.

Bateman et al .(2006) .Comparing contingent valuation and contingent ranking: A

case study considering the benefits of urban river water quality improvements.

Journal of Environmental Management , 79, 221–231.

Birol, E, Karousakis, K and Koundouri, P . (2006). Using economic valuation

techniques to inform water resources management: A survey and critical

appraisal of available techniques and an application. Science of the Total

Environment, 365, 105-122.

Cameron, T.A. (1998). A new paradigm for valuing non-market goods using

referendum data : Maximum Likelihood Estimation by censored logistic

regression. Journal of Environmental and Management , 15(3), 55-79

Chaimeerang , M.(2003). Solution of water treatment in Lum Ta Kong in Nakhon

Ratchasima Municipality. Master’s Thesis in Faculty of Graduate Studies.

Chulalongkorn University. (in Thai).

Chowdhury, T.N. (1999) . Willingness to pay for water in Dhaka Slums A contingent

valuation study . in Joy, E. H. (Ed.), The Economic Value of the Environment:

Cases from South Asia. USA. IUCN published

Freeman, A. M. (1979). The benefit of Environmental Improvement: Theory and

Practice. Baltimore and London: John Hopkins University Press.

Freeman, A.M. (2003). The measurement of Environmental and Resource Values

:Theory and Values .United States of America. , Resource for the future.

Copyright by Mahidol University



 Fac. of Grad Studies, Mahidol Univ          M.Sc.(Techonology of environmental management)/134

Georgiou, S, Bateman, I, Cole, M and Hadley, D. (2000) .Contingent ranking and

valuation of river water quality improvement: testing for scope sensitivity,

ordering and distance decay effects. Retrieved october 10, 2006, from:

http://www.uea.ac.uk/env/cserge/pub/wp/gec/gec_2000_18.pdf

Gray, N.F. (1989). Biology of wastewater treatment .United States. Oxford

University Press.

Hanemann, W. Michael, John B. Loomis and Barbara J. Kanninen (1991). Statistical

Efficiency of Double-Bounded Dichotomous Choice Contingent valuation.

American Journal of Agricultural Economics ,73:4, 1255-1263.

Hanemann, W.  Michael. and Kanninen, B. (1996). The Statistical Analysis of

Discrete-Response CV Data,  and I. J. Bateman, and K.G .Willis (Eds.),

Valuing Environmental Preferences (pp.202-441).New York: Oxford

university press.

Hanley, D.N. and Spash, L.C (1993) Cost-Benefit Analysis and the Environment.

Cheltenham. Edward Elgar Publishing Ltd.

Isangkura, A . (1998) . Environmental Valuation: An Entrance Fee System for

National. Parks in Thailand. Economy and Environment Program for

Southeast Asia (EEPSEA).

King, D and Marisa, M.(2001). Ecosystem Valuation.  Retrieved February 16 , 2007.

from: http://www.ecosystemvaluation.org.

Lareau, T . J., and Rae A.D. (1989).Valuing WTP for Diesel Odour eduction: An

Application of Contingent Ranking Technique. Southern Economic Journal,

vol 55, no 33. pp. 728-742

Loomis, J. B. (1999) .Use of non-market valuation study in water resource

management assessments. Retrieved march 20, 2007, from: http:// www.

ucowr.siu.edu/updates /pdf/V109_A2.pdf.

McFadden, D. (1974) . On Conditional Logit Model of Qualitative Choice Behavior.

Frontiers of Econometrics. New York: Academic Press.

McFadden, D. (1978) "Modelling the Choice of Residential Location," in A Karlqvist,

ed., Spatial Interaction Theory and Residential Location,  Amsterdam:  North-

Holland, 75-96.

Copyright by Mahidol University



 Fac. of Grad Studies, Mahidol Univ          M.Sc.(Techonology of environmental management)/135

Nachaiwieng, T. (2001). Economic valuation of traffic congestion costs in Bangkok.

Master’s Thesis Engineering in Civil Engineering. Faculty of Engineering

Chulalongkorn University. (in Thai).

Nualkamhaeng, N. (2000) .The study of community participation on Lum Ta Kong

development : a case study of TungsSawang Salaloy community, Muang

district, Nakhon Ratchasima provice. Master’s Thesis in Environment Plan for

Community and Rural Development. Faculty of Graduate Studies. Mahidol

University. (in Thai).

Orankitcharoen,  K.  (2002).  Willingness  to  Pay  Entrance  Fee  by  Visitors  Who  Use

Natural Recreation: A Case Study of Natural Recreation Nakhonnayok

Province. Master’s Thesis in Technology of Environmental Management.

Faculty of Graduate Studies. Mahidol University. (in Thai).

Paiboonphol, S. (1998).  Willingness  of  people  to  pay  sewage  treatment  fees  in  Inner

Zone of Bangkok Metropolis. Master’s Thesis of Science (Environmental

Science).Kasetsart University.(in Thai).

Phanomwan Na Ayutthaya, P. (2004)  Willingness to pay of wastewater treatment

charge for household users in a case study of Nakhon Sawan Municipality.

Master’s Thesis of Science ( Environmental Science).Kasetsart University.

(in Thai).

Pheangsawat, P. (1999). An Economic Valuation of Ayutthaya Historical Park,

Ayutthaya province. Master’s Thesis in Technology of Environmental

Management. Faculty of Graduate  Studies. Mahidol University. (in Thai).

Pochatan, S. (1999). The Economic Return Studied of Nakhon Ratchasima

Municipality’s Sewage Treatment Project. Nakhon Ratchasima Rajabhat

University.

Prapamontol, N. (2001) . The Contingent Valuation Method Applied to Conservation

of  fishery Resource in Bung Lahan Wet Land, Chaiyaphom. Master’s Thesis

in Technology of Environmental Management. Faculty of Graduate Studies.

Mahidol University. (in Thai).

Rattanaphotanan, N.(1999) .Local people’s behavior of conserving water in

Lumtakong River in Nakhonratchasima Municipality. Master’s Thesis in

Faculty of Science and Technology .Nakhon Ratcahsima Rajaphat University

Copyright by Mahidol University



 Fac. of Grad Studies, Mahidol Univ          M.Sc.(Techonology of environmental management)/136

Roomratanapun, W. (2001). Introducing centralized wastewater treatment in Bangkok

a study of factors determining its acceptability. Habitat International ,25 , 359-

371.

Swanson T, Day, B and  Mourato, S. (1999) .Valuing water quality in china. Journal

of environmental sciences 11; 3, 309-316.

Sukmongkorut, C. (1998). Willingness to pay for the utilization of coral resource on

tourism: a case study of Ko Chang National Park in Tart province. Master’s

Thesis  in Technology of Environmental Management. Faculty of Graduate

Studies. Mahidol University. (in Thai).

Tapvong , C.and Kruavan, J. (1999). Water Quality Improvements: A contingent

Valuation Study of the Chao Phraya River. EEPSEA Research Report.Thailand

Development Research Institute. (1995). Green Finance: A Case Study of

Khao Yai National Park. Bangkok.

Tiwari ,N.D. (1999). Willingness to pay for improved water quality in Kathmandu. in

Pearce, D. , Pearce, C. and Palmer, C. Valuing the Environment in Developing

Countries: Case Studies. (pp.130-160). UK. Edward Elgar Publishing.

Wiwatthanapornchai, S. (2001). Non-use value assessment of endangered wildlife

species and natural resource of Phu Khieo Wildlife Sanctuary, Chaiyaphum

province. Master of science Thesis Major Field Agricultural Economics,

Department of Agricultural and Resource Economic.Kasetsart University. (in

Thai

Copyright by Mahidol University



Fac. of Grad. Studies, Mahidol Univ.                 M.Sc. (Technology of Environmental Management)/ 137

APPENDIX

Copyright by Mahidol University



Pornprapa  Tatujiranggul                                                                                                      Appendix/ 138

APPENDIX A

Questionnaire of the valuing Lum Ta Kong River: A case study of Nakhon

Ratchasima Municipal (Contingent Valuation Method)

Date of Interview............/............./.................... Time................................A.M or P.M

Community..................................................................................................

Notice  : Respondent  must be the head of the household or

: Please check Ö to �
Part 1: Social-economic characteristic

1. Sex � 1.male � 2.female

2. Age: …………………………..

3. Education :

� 1. None � 2.Primary school � 3.Secondary school

� 4. High school � 5. Diploma � 6. Bachelor

� 7. Higher than Bachelor Degree

4. Occupation:

� 1. Civil servant/ State Enterprises servant �  2. Officer

� 3. Own business �  4. General employee

� 5. Agricultural �  6. Retired / housewife

� 7. Other (please specify)…………………………

5. Total income of household………………….

This questionnaire valuing of Lum Ta Kong River: A case study of Nakhon Ratchasima Municipal is the part of thesis

of  Miss Pornprapa Tatujiranggul studying master's degree in technology of environmental management of mahidol

university This study talking  with Nakhon Ratchasima Municipal residents about the necessity for water quality

improvements of the Lum Ta Kong  River, and how much for improve Lum Ta Kong River Your views will be used to

help policy for manage and improvement Lum Ta Kong River, make informed decisions. Thank you very much for

your kind cooperation.
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6. Residing duration in the community ……………….

       7. Number of members in the household.................

Part 2 Cognizant information and the opinion about Lum Ta Kong River

1. Have you ever heard information about improvement or conservation Lum Ta Kong

River?

� No

�  Yes (the answer can be more than one)

� Television � Radio � News paper

� Government officer �  NGOs

�Meeting / Community radio � Friend / Cousin

� Other (please specify)…………………………

2. How is the way your disperse wastewater of household?

� Drain into sewer channel

� Drain into canals/river directly

� Sewage treatment tank

�  Other (please specify)…………………………

3. Have you known where the wastewater in Nakhon Ratchasima Municipals disperses to?

�  Yes (please specify)…………………………

�  No

4. Currently are you using the water of Lum Ta Kong River in Nakhon Ratchasima

Municipal?

� No

� Yes (please specify)…………………………

� Primary water purposes include swimming washing and bathing

�  Agriculture

�  Animal husbandry

�  Disperse wastewater

� Other (please specify)…………………………
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5. How do you rate the quality of surface water of Lum Ta Kong River?

� Excellent that is water is clear during the wet and dry season (Go to past. 3)

� Acceptable that is water occasionally turns black in the dry season (Go to Q.6)

� Pollution that is water is black and emitting odor (Go to Q.6)

� Not sure (Go to past. 3)

6. In your opinion, which sector is the major source of wastewater discharges to Lum Ta

Kong River? (insert order of priority, 1 implies highest order of priority, the answer can

include the same priority more than once)

�    Wastewater from public sewer of Nakhon Ratchasima Municipal directly without

        any treatment

� Wastewater from household near communities into the river directly without any

        treatment.

�   Agricultural chemicals

� Wastewater from animal husbandry

� Other (please specify)…………………………

Part 3: Questionnaire to Assess Willingness to Pay for improving Lum Ta Kong River

Hypothetical

Lum Ta Kong” river is the major concern from the Nakhon Ratchasima municipality.

This river is the oldest river of the city that flows through the city centers. The people of  Nakhon

Ratchasima municipality use the water in Lum Ta Kong River for consumption, agriculture,

industrial and recreation. Current the water quality of “Lum Ta Kong” river which  through pass

Nakhon Ratchasima municipality are fair quality, it can affect recreation in and on the water,

degrade fish and wildlife habitat and  pose a health risk for water-contact recreation. The cause of

fair quality, which some wastewater from communities discharging into the Lum Ta Kong River

direct without any treatment.
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Now, Nakhon Ratchasima municipality having the plan for improvement the wastewater

from household before discharge to Lum Ta Kong River and improve the scenery nearly Lum Ta

Kong River. The project necessity your donation for setting up the fund if don’t have fund the

water in Lum Ta Kong River will be deteriorate and  degrade fish and wildlife habitat then, we

hope you will be willing to donate for setting up fund.

* * Please, the interviewer read below condition to interviewee before ask question

1. In your opinion, if the government having the project for improvement or management

       Lum Ta Kong River, it makes the benefits to your household?

� Yes � No

2. From situation would you be willing to pay for improving wastewater in Lum Ta Kong

River?

�  No (Go to Q 3)

�  Yes (Go to Q 4)

3. Which the reason are you willingness to pay? (check one only)

� Lum Ta Kong River is not important to me.

�   Don’t believe the money will be used solution the problem of Lum Ta Kong River.

�   The government should be responsible for the problem.

� Cannot afford to pay

� Other (please specify)…………………………

1. Money for donation is below your income level.

2. When you decision to donate, your money to purchase other goods or products may be

    decrease.

3. Your money donated will be use for set up fund to operate activities which for

     improvement Lum Ta Kong River. (Photographic)

4. The fund is set up will be clear and wise use.
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4. When you consider your household’s income and fixed expenditures, are you willing to

pay for improving Lum Ta Kong River 30 bath/month?

�  No �  Yes

5. Which the reasons are you not willingness to pay? (check one only)

�  The water in Lum Ta Kong River is use in the agriculture

� Lum Ta Kong River can support the wastewater

�  Lum Ta Kong River is the recreation area of Nakhon Ratchasima province

�  Lum Ta Kong River will be available for their children and children’s children.

� Other (please specify)…………………………

6. Which do you think is the most suitable method of the Lum Ta Kong River fee collection?

� Surcharge on water bill (monthly)

� Surcharge on solid waste disposal bill (monthly)

�  Recover through property tax (year)

� Surcharge on its own Lum Ta Kong treatment fees (monthly)

� Other (please specify)…………………………

7. Recommendation

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

Are you willing to pay for improving

Lum Ta Kong River 20 bath/month?

� No

�    Yes

Are you willing to pay for improving

Lum Ta Kong River 50 bath/month?

� No

� Yes
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Questionnaire of the valuing Lum Ta Kong River: A case study of Nakhon

Ratchasima Municipal (Contingent Ranking Method)

Date of Interview............/............./.................... Time................................A.M or P.M

Community..................................................................................................

Notice  : Respondent  must be the head of the household or

: Please check Ö to �
Part 1: Social-economic characteristic

1. Sex � 1.male � 2.female

2. Age: …………………………..

3. Education :

� 1. None � 2.Primary school � 3.Secondary school

� 4. High school � 5.Diploma � 6. Bachelor

� 7. Higher than Bachelor Degree

4. Occupation:

� 1. Civil servant/ State Enterprises servant �  2. Officer

� 3. Own business �  4. General employee

� 5. Agricultural �  6. Retired / housewife

� 7. Other (please specify)…………………………

5. Total income of household………………….

6. Residing duration in the community ……………….

7. Number of members in the household............................

This questionnaire valuing of Lum Ta Kong River: A case study of Nakhon Ratchasima Municipal is the part of thesis

of  Miss Pornprapa Tatujiranggul studying master's degree in technology of environmental management of mahidol

university This study talking  with Nakhon Ratchasima Municipal residents about the necessity for water quality

improvements of the Lum Ta Kong  River, and how much for improve Lum Ta Kong River Your views will be used to

help policy for manage and improvement Lum Ta Kong River, make informed decisions. Thank you very much for

your kind cooperation.
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Part 2 Cognizant information and the opinion about Lum Ta Kong River

1. Have you ever heard information about improvement or conservation Lum Ta Kong

River?

� No

�  Yes (the answer can be more than one)

� Television � Radio � News paper

� Government officer �  NGOs

�Meeting / Community radio � Friend / Cousin

� Other (please specify)…………………………

2. How is the way your disperse wastewater of household?

� Drain into sewer channel

� Drain into canals/river directly

� Sewage treatment tank

�  Other (please specify)…………………………

3. Have you known where the wastewater in Nakhon Ratchasima Municipals disperses to?

�  Yes (please specify)…………………………

�  No

4. Currently are you using the water of Lum Ta Kong River in Nakhon Ratchasima

Municipal?

� No

� Yes (please specify)…………………………

� Primary water purposes include swimming washing and bathing

�  Agriculture

�  Animal husbandry

�  Disperse wastewater

� Other (please specify)…………………………
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5. How do you rate the quality of surface water of Lum Ta Kong River?

� Excellent that is water is clear during the wet and dry season (Go to past. 3)

� Acceptable that is water occasionally turns black in the dry season (Go to Q.6)

� Pollution that is water is black and emitting odor (Go to Q.6)

� Not sure (Go to past. 3)

6. In your opinion, which sector is the major source of wastewater discharges to Lum Ta

Kong River? (insert order of priority, 1 implies highest order of priority, the answer can

include the same priority more than once)

�    Wastewater from public sewer of Nakhon Ratchasima Municiple directly without

        any treatment

� Wastewater from household near communities into the river directly without any

        treatment.

�   Agricultural chemicals

� Wastewater from animal husbandry

� Other (please specify)…………………………

7. Recommendation

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................
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Part 3 Questionnaire to assess the value of Lum Ta Kong River from contingent ranking

            method.

Assume that all the attribute remain unchanged as shown in the photographs. Please rank

these attribute according to your preference. (1 = Most Preferred and 5 = Least Preferred)

Attribute Characteristic of attribute Expense/

month

Ranking

1 Wastewater treatment project that is the water after treat

can be use for the tree and primary improving the river

bank such as eradicate the garbage and the weed

25

2 Recreation project that is improving the scenery of Lum

Ta Kong River, floating market, flower garden , health

park, nearly Lum Ta Kong River, Korat folk music.

75

3

(1+2)

Wastewater treatment project + Recreation project

that is the water after treat can be use for the tree and

improving the scenery of Lum Ta Kong River, floating

market, flower garden , health park, nearly Lum Ta Kong

River, Korat folk music.

100

4 Consumption project that is improving the water quality

in Lum Ta Kong River can be using for consumption

same the tap water.

150

5

(2+4)

Recreation project+ Consumption project that is

improving the water quality in Lum Ta Kong River can

be using for consumption same the tap water and

improving the scenery of Lum Ta Kong River, floating

market, flower garden , health park, nearly Lum Ta Kong

River, Korat folk music.

225
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APPENDIX B

Photographic in Contingent Valuation Method

Wastewater drain into Lum Ta Kong River directly

Lum Ta Kong River in summer season (before)
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Lum Ta Kong River after improve water quality and scenery.
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Photographic in Contingent Ranking Method

OPTION 1

Primary wastewater treatment

Treat the wastewater in wastewater treatment system

The wastewater after improve water quality can use in agriculture.

The expense of option 1 is 25 baht/month
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OPTION 2

Recreation

Public park and playing field nearly Lum Ta Kong River

0

40

100 200

300
ลํา ตะ ค อ ง

ไป
ขอ
นแ
ก
น

ถนน

มติรภาพ

ถน
น

ช
าง
เผื
อก

ถน
นส
รุน
าร
าย
ณ


ถนน
สรุน
ารี

ถนนโพธกลาง

ถนนจอมสุรางค

สถานีรถไฟจิระ

สถานรีถ
ไฟ

นครราช
สมีา

ไป
ค
าย
ทห
าร

ไป บุ
รรี
มัท


ไปหนองคาย

ถนนราชนิ
กูล

ถนนกําแหง
สงคราม

ถนนมหาดไทย

ถน
น
จกั
รีถนนจอม

พล

ถนนอัษฎางค

ถนนยมราช ถน
นม
น
สั

ถน
น
ไช
ย

ณ
รง
ค


ถน
นกุ
คัน

ถน
น

มิต
รภ
าพ

ถนนมุขมนตรี

ไป
กร
งุเ
ท
พ
ฯ

สถานี

ขนสงเกา

สถ
านี
ขน
ส
งใ
ห
ม


1

2

3

4

5

6

1
2 3

1

อางเก็บนํ้าอัษฎางค

(ชุมชนเกษตรสามมัคคี2)

เกาะลอยเพลงโคราช

( ชุมชนหลังวัดสามมัคคี)

วัดศาลาลอย

(ชมุชนศาลาลอย-มหาชัย)

1

2

3

วัดปาสาละวัน พิพิธภณัฑแหงชาติมหาวีรวงค วัดศาลาทอง

ทาวสุรนารี ศาลเจาหลักเมือง วัดศาลาลอย

แสดงสถานทีท่องเท่ียวในเขตเทศบาลนคร นครราชสีมา ทีส่ามารถเช่ือมตอกับโครงการไดสะดวก

รูปที ่  5.3 แสดงสถานท่ีทองเท่ียวในเขตเทศบาลนครนครราชสีมา ท่ีสามารถเช่ือมตอกับโครงการไดสะดวก

N

4

4

5

5

4

5

สวนผักและไมตัดดอก

(ชุมชนบุมะคา - มหาชัย)

ธรรมชาติริมน้ํา

(ชุมชนเกษตรสามัคค2ี - ศาลาลอย)

184

Travel  Nakhon Ratchasima Municiple by Lum Ta Kong River

The expense of option 2 is 75 baht/month
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OPTION 3

Primary wastewater treatment

Public park and playing field nearly Lum Ta Kong River

Travel  Nakhon Ratchasima Municiple by Lum Ta Kong River

0

40

100 200

300
ลํา ตะ ค อ ง

ไป
ขอ
นแ
กน

ถนน

มติรภาพ

ถน
น

ช
าง
เผ
อืก

ถน
นส
ุรน
าร
าย
ณ

ถนน
สรุน
ารี

ถนนโพธกลาง

ถนนจอมสุรางค

สถานีรถไฟจริะ

สถานีรถ
ไฟ

นครราช
สมีา

ไป
คา
ยท
ห
าร

ไป บ
รุรีั
ม
ท


ไปหนองคาย

ถนนราชนิ
กูล

ถนนกาํแหง
สงคราม

ถนนมหาดไทย

ถน
นจ
กัร
ีถนนจอม

พล

ถนนอษัฎางค

ถนนยมราช ถน
น
มนั
ส

ถน
น
ไช
ย

ณ
รง
ค

ถน
น
กคุ
นั

ถน
น

มิต
รภ
าพ

ถนนมขุมนตรี

ไป
กรุ
งเ
ทพ
ฯ

สถานี

ขนสงเกา

สถ
านี
ขน
ส
งใ
หม


1

2

3

4

5

6

1
2 3

1
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(ชมุชนเกษตรสามมัคคี2)

เกาะลอยเพลงโคราช

( ชุมชนหลังวัดสามมัคคี)

วัดศาลาลอย

(ชุมชนศาลาลอย-มหาชัย)

1

2

3

วัดปาสาละวัน พิพิธภณัฑแหงชาติมหาวรีวงค วัดศาลาทอง

ทาวสุรนารี ศาลเจาหลักเมอืง วัดศาลาลอย

แสดงสถานทีท่ องเที่ยวในเขตเทศบาลนคร นครราชสมีา ที่สามารถเชื่อมตอกบัโครงการไดสะดวก

รูปที่   5.3 แสดงสถานที่ทองเท่ียวในเขตเทศบาลนครนครราชสีมาที่สามารถเชื่อมตอกับโครงการไดสะดวก

N

4

4

5

5

4

5

สวนผักและไมตดัดอก

(ชุมชนบมุะคา - มหาชัย)

ธรรมชาติริมน้ํา

(ชมุชนเกษตรสามัคคี2 - ศาลาลอย)

184

The expense of option 3 is 100 baht/month
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OPTION 4

Improve water quality for consumption equate with water in pubic pipe.

The expense of option 4 is 150 baht/month
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OPTION 5

Improve water quality for consumption equate with water in pubic pipe.

Public park and playing field nearly Lum Ta Kong River

Travel  Nakhon Ratchasima Municiple by Lum Ta Kong River
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เกาะลอยเพลงโคราช

( ชมุชนหลังวัดสามมัคคี)

วัดศาลาลอย

(ชุมชนศาลาลอย-มหาชยั)

1

2

3

วัดปาสาละวัน พิพิธภัณฑแหงชาติมหาวีรวงค วัดศาลาทอง

ทาวสุรนารี ศาลเจาหลักเมือง วัดศาลาลอย

แสดงสถานทีท่องเทีย่วในเขตเทศบาลนคร นครราชสมีา ทีส่ามารถเชื่อมตอกับโครงการไดสะดวก

รูปที่   5.3 แสดงสถานที่ทองเที่ยวในเขตเทศบาลนครนครราชสีมาที่สามารถเชื่อมตอกบัโครงการไดสะดวก

N

4

4

5

5

4

5

สวนผักและไมตัดดอก

(ชุมชนบุมะคา - มหาชัย)

ธรรมชาตริิมนํ้า

(ชมุชนเกษตรสามัคคี2 - ศาลาลอย)

184

The expense of option 5 is 225 baht/month
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APPENDIX C

Print out of Contingent Valuation Method (CVM)

                                     The LIFEREG Procedure

                                       Model Information

             Data Set                         WORK.SAS
             Dependent Variable             Log (LOWER)    LOWER
             Dependent Variable             Log (UPPER)    UPPER
             Number of Observations                100
             Non censored Values                      0
             Right Censored Values                  16
             Left Censored Values                    0
             Interval Censored Values               84
             Zero or Negative Response              30
             Name of Distribution            Lognormal
             Log Likelihood               -108.6841128

          Algorithm converged.

                                Analysis of Parameter Estimates

                                      Standard   95% Confidence     Chi-
            Parameter     DF Estimate    Error       Limits       Square Pr > ChiSq

            Intercept      1   3.5565   0.0344   3.4890   3.6241 10659.1     <.0001
            Scale          1   0.3137   0.0277   0.2639   0.3730

                                     The LIFEREG Procedure

                                       Model Information

             Data Set                         WORK.SAS
             Dependent Variable             Log(LOWER)    LOWER
             Dependent Variable             Log(UPPER)    UPPER
             Number of Observations                100
             Noncensored Values                      0
             Right Censored Values                  16
             Left Censored Values                    0
             Interval Censored Values               84
             Zero or Negative Response              30
             Name of Distribution            LLogistic
             Log Likelihood               -110.4151243

          Algorithm converged.
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                                Analysis of Parameter Estimates

                                      Standard   95% Confidence     Chi-
            Parameter     DF Estimate    Error       Limits       Square Pr > ChiSq

            Intercept      1   3.5371   0.0363   3.4660   3.6083 9490.63     <.0001
            Scale          1   0.1868   0.0185   0.1538   0.2268

The LIFEREG Procedure

                                       Model Information

             Data Set                         WORK.SAS
             Dependent Variable             Log(LOWER)    LOWER
             Dependent Variable             Log(UPPER)    UPPER
             Number of Observations                100
             Noncensored Values                      0
             Right Censored Values                  16
             Left Censored Values                    0
             Interval Censored Values               84
             Zero or Negative Response              30
             Name of Distribution              Weibull
             Log Likelihood               -116.9506299

          Algorithm converged.

                                Analysis of Parameter Estimates

                                      Standard   95% Confidence     Chi-
            Parameter     DF Estimate    Error       Limits       Square Pr > ChiSq

            Intercept      1   3.7108   0.0337   3.6448   3.7768 12135.4     <.0001
            Scale          1   0.2866   0.0267   0.2389   0.3440
            Weibull Scale  1  40.8854   1.3772  38.2733  43.6758
            Weibull Shape  1   3.4887   0.3245   2.9072   4.1865
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The LIFEREG Procedure

                                       Model Information

             Data Set                         WORK.SAS
             Dependent Variable             Log(LOWER)    LOWER
             Dependent Variable             Log(UPPER)    UPPER
             Number of Observations                100
             Non censored Values                      0
             Right Censored Values                  16
             Left Censored Values                    0
             Interval Censored Values               84
             Zero or Negative Response              30
             Name of Distribution            Lognormal
             Log Likelihood               -108.6841128

          Algorithm converged.

                                Analysis of Parameter Estimates

                                      Standard   95% Confidence     Chi-
            Parameter     DF Estimate    Error       Limits       Square Pr > ChiSq

            Intercept      1   3.5565   0.0344   3.4890   3.6241 10659.1     <.0001
            Scale          1   0.3137   0.0277   0.2639   0.3730

The LIFEREG Procedure

                                       Model Information

             Data Set                         WORK.SAS
             Dependent Variable             Log(LOWER)    LOWER
             Dependent Variable             Log(UPPER)    UPPER
             Number of Observations                100
             Non censored Values                      0
             Right Censored Values                  16
             Left Censored Values                    0
             Interval Censored Values               84
             Zero or Negative Response              30

Name of Distribution            Lognormal
             Log Likelihood               -91.04230756
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                                    Class Level Information

                               Name        Levels    Values

                               EDU              6    2 3 4 5 6 7
                               OCC              6    1 2 3 4 5 6
                               INFO             2    0 1
                               DISTAN           2    0 1

          Algorithm converged.

                                 Type III Analysis of Effects

                                                   Wald
                          Effect       DF    Chi-Square    Pr > ChiSq

                          AGE           1        0.0004        0.9839
                          EDU           5       10.3579        0.0657
                          OCC           5        3.4290        0.6342
                          INCOME        1        8.1132        0.0044
                          PRTL          1        4.2580        0.0391
                          MEM           1        0.0533        0.8173
                          INFO          1        0.0142        0.9051
                          DISTAN        1        0.2185        0.6402

                                     The LIFEREG Procedure

                                Analysis of Parameter Estimates

                                       Standard   95% Confidence     Chi-
           Parameter       DF Estimate    Error       Limits       Square Pr > ChiSq

           Intercept        1   3.0489   0.3412   2.3802   3.7177   79.85     <.0001
           AGE              1   0.0001   0.0033  -0.0065   0.0066    0.00     0.9839
           EDU           2  1   0.2307   0.2670  -0.2926   0.7541    0.75     0.3875
           EDU           3  1   0.0961   0.2796  -0.4519   0.6441    0.12     0.7311
           EDU           4  1   0.2720   0.2479  -0.2138   0.7579    1.20     0.2724
           EDU           5  1   0.5245   0.2490   0.0365   1.0126    4.44     0.0352
           EDU           6  1   0.4424   0.2442  -0.0362   0.9209    3.28     0.0700
           EDU           7  0   0.0000    .        .        .         .        .
           OCC           1  1  -0.1970   0.1318  -0.4553   0.0613    2.23     0.1349
           OCC           2  1  -0.1882   0.1465  -0.4754   0.0990    1.65     0.1990
           OCC           3  1  -0.0415   0.0902  -0.2182   0.1353    0.21     0.6455
           OCC           4  1  -0.1341   0.1339  -0.3966   0.1284    1.00     0.3167
           OCC           5  1  -0.1068   0.1261  -0.3540   0.1404    0.72     0.3972
           OCC           6  0   0.0000    .        .        .         .        .
           INCOME           1   0.0000   0.0000   0.0000   0.0000    8.11     0.0044
           PRTL             1   0.0044   0.0021   0.0002   0.0086    4.26     0.0391
           MEM              1   0.0054   0.0234  -0.0404   0.0513    0.05     0.8173
           INFO          0  1  -0.0079   0.0666  -0.1385   0.1226    0.01     0.9051
           INFO          1  0   0.0000    .        .        .         .        .
           DISTAN        0  1  -0.0310   0.0663  -0.1610   0.0990    0.22     0.6402
           DISTAN        1  0   0.0000    .        .        .         .        .
           Scale            1   0.2514   0.0240   0.2086   0.3030
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The LIFEREG Procedure

                                       Model Information

             Data Set                         WORK.SAS
             Dependent Variable             Log(LOWER)    LOWER
             Dependent Variable             Log(UPPER)    UPPER
             Number of Observations                100
             Noncensored Values                      0
             Right Censored Values                  16
             Left Censored Values                    0
             Interval Censored Values               84
             Zero or Negative Response              30
             Name of Distribution            Lognormal

    Log Likelihood               -95.89479627

                                    Class Level Information

                               Name        Levels    Values

                               OCC              6    1 2 3 4 5 6
                               INFO             2    0 1
                               DISTAN           2    0 1

          Algorithm converged.

                                 Type III Analysis of Effects

                                                   Wald
                          Effect       DF    Chi-Square    Pr > ChiSq

                          AGE           1        0.0594        0.8074
                          OCC           5        2.2954        0.8069
                          INCOME        1       11.4793        0.0007
                          PRTL          1        3.3534        0.0671
                          MEM           1        0.1594        0.6897
                          INFO          1        0.0165        0.8979
                          DISTAN        1        0.4557        0.4996

                                Analysis of Parameter Estimates

                                       Standard   95% Confidence     Chi-
           Parameter       DF Estimate    Error       Limits       Square Pr > ChiSq

           Intercept        1   3.3357   0.2130   2.9183   3.7531  245.32     <.0001
           AGE              1  -0.0008   0.0032  -0.0071   0.0055    0.06     0.8074
           OCC           1  1  -0.0694   0.1243  -0.3129   0.1742    0.31     0.5766
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The LIFEREG Procedure

                                Analysis of Parameter Estimates

                                       Standard   95% Confidence     Chi-
           Parameter       DF Estimate    Error       Limits       Square Pr > ChiSq

           OCC           2  1  -0.0415   0.1380  -0.3121   0.2290    0.09     0.7635
           OCC           3  1  -0.0376   0.0945  -0.2228   0.1476    0.16     0.6907
           OCC           4  1  -0.1641   0.1317  -0.4221   0.0940    1.55     0.2127
           OCC           5  1  -0.1281   0.1230  -0.3692   0.1130    1.08     0.2977
           OCC           6  0   0.0000    .        .        .         .        .
           INCOME           1   0.0000   0.0000   0.0000   0.0000   11.48     0.0007
           PRTL             1   0.0041   0.0022  -0.0003   0.0085    3.35     0.0671
           MEM              1   0.0096   0.0240  -0.0375   0.0567    0.16     0.6897
           INFO          0  1  -0.0088   0.0687  -0.1435   0.1259    0.02     0.8979
           INFO          1  0   0.0000    .        .        .         .        .
           DISTAN        0  1  -0.0461   0.0682  -0.1797   0.0876    0.46     0.4996
           DISTAN        1  0   0.0000    .        .        .         .        .
           Scale            1   0.2703   0.0248   0.2258   0.3236

The LIFEREG Procedure

                                       Model Information

             Data Set                         WORK.SAS
             Dependent Variable             Log(LOWER)    LOWER
             Dependent Variable             Log(UPPER)    UPPER
             Number of Observations                100
             Noncensored Values                      0
             Right Censored Values                  16
             Left Censored Values                    0
             Interval Censored Values               84
             Zero or Negative Response              30
             Name of Distribution            Lognormal
             Log Likelihood               -92.74255706

                                    Class Level Information

                               Name        Levels    Values

                               EDU              6    2 3 4 5 6 7
                               INFO             2    0 1
                               DISTAN           2    0 1

          Algorithm converged.
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Type III Analysis of Effects

                                                   Wald
                          Effect       DF    Chi-Square    Pr > ChiSq

                          AGE           1        0.4294        0.5123
                          EDU           5        9.1996        0.1014
                          INCOME        1        7.5316        0.0061
                          PRTL          1        3.0902        0.0788
                          MEM           1        0.1270        0.7216
                          INFO          1        0.0441        0.8338
                          DISTAN        1        0.0351        0.8513

                                Analysis of Parameter Estimates

                                       Standard   95% Confidence     Chi-
           Parameter       DF Estimate    Error       Limits       Square Pr > ChiSq

           Intercept        1   2.8622   0.3230   2.2292   3.4952   78.54     <.0001
           AGE              1   0.0020   0.0031  -0.0041   0.0081    0.43     0.5123
           EDU           2  1   0.2546   0.2582  -0.2516   0.7607    0.97     0.3242

                                     The LIFEREG Procedure

                                Analysis of Parameter Estimates

                                       Standard   95% Confidence     Chi-
           Parameter       DF Estimate    Error       Limits       Square Pr > ChiSq

           EDU           3  1   0.1354   0.2745  -0.4025   0.6734    0.24     0.6217
           EDU           4  1   0.3220   0.2453  -0.1587   0.8027    1.72     0.1892
           EDU           5  1   0.4898   0.2473   0.0050   0.9745    3.92     0.0477
           EDU           6  1   0.3878   0.2411  -0.0847   0.8604    2.59     0.1077
           EDU           7  0   0.0000    .        .        .         .        .
           INCOME           1   0.0000   0.0000   0.0000   0.0000    7.53     0.0061
           PRTL             1   0.0037   0.0021  -0.0004   0.0077    3.09     0.0788
           MEM              1   0.0080   0.0226  -0.0362   0.0522    0.13     0.7216
           INFO          0  1  -0.0137   0.0650  -0.1411   0.1138    0.04     0.8338
           INFO          1  0   0.0000    .        .        .         .        .
           DISTAN        0  1  -0.0120   0.0642  -0.1378   0.1137    0.04     0.8513
           DISTAN        1  0   0.0000    .        .        .         .        .
           Scale            1   0.2570   0.0242   0.2136   0.3092
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APPENDIX D

Print out of Contingent Ranking Method (CRM)

Model 1

--> ORDERED;Lhs=RANK_1;Rhs=ONE,NUMBER,X1,TREAT,RECREATI,COSUMTIO,COST,CPI
    ;Logit$
Normal exit from iterations. Exit status=0.

+---------------------------------------------+
| Ordered Probability Model                   |
| Maximum Likelihood Estimates                |
| Model estimated: Oct 14, 2007 at 09:09:33PM.|
| Dependent variable               RANK_1     |
| Weighting variable                 None     |
| Number of observations              975     |
| Iterations completed                 19     |
| Log likelihood function       -1428.364     |
| Restricted log likelihood     -1569.202     |
| Chi squared                    281.6769     |
| Degrees of freedom                    7     |
| Prob[ChiSqd > value] =         .0000000     |
| Underlying probabilities based on Logistic  |
|    Cell frequencies for outcomes            |
|  Y Count Freq  Y Count Freq  Y Count Freq   |
|  0   195 .200  1   195 .200  2   195 .200   |
|  3   195 .200  4   195 .200                 |
+---------------------------------------------+
+---------+--------------+----------------+--------+---------+----------+
|Variable | Coefficient  | Standard Error |b/St.Er.|P[|Z|>z] | Mean of X|
+---------+--------------+----------------+--------+---------+----------+
          Index function for probability
 Constant     .9779672684       .24188163    4.043   .0001
 NUMBER    .1942551784E-03  .10342239E-02     .188   .8510     98.000000
 X1          -1.914896647       .28332426   -6.759   .0000     3.0000000
 TREAT        3.062927630       1.0488069    2.920   .0035     .40000000
 RECREATI     7.743041797       3.0815410    2.513   .0120     .60000000
 COSUMTIO     16.22278031       6.1600523    2.634   .0084     .40000000
 COST     -.5291767339E-01  .40680562E-01   -1.301   .1933     115.07692
 CPI          16.95621329       6.4393114    2.633   .0085  .12147590E-01
          Threshold parameters for index
 Mu(1)        1.062439956   .57716933E-01   18.408   .0000
 Mu(2)        2.024560780   .68494705E-01   29.558   .0000
 Mu(3)        3.359203727       .10250016   32.773   .0000
 (Note: E+nn or E-nn means multiply by 10 to + or -nn power.)
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Model 2

--> ORDERED;Lhs=RANK_1;Rhs=ONE,NUMBER,X1,TREAT,RECREATI,COSUMTIO,COST,CPI
    ,TBYAGE,TBYEDU,TBYOCC,TBYPR,TBYMEM,TBYINFO,TBYD;Logit$
Normal exit from iterations. Exit status=0.

+---------------------------------------------+
| Ordered Probability Model                   |
| Maximum Likelihood Estimates                |
| Model estimated: Oct 14, 2007 at 09:12:31PM.|
| Dependent variable               RANK_1     |
| Weighting variable                 None     |
| Number of observations              975     |
| Iterations completed                 26     |
| Log likelihood function       -1424.263     |
| Restricted log likelihood     -1569.202     |
| Chi squared                    289.8788     |
| Degrees of freedom                   14     |
| Prob[ChiSqd > value] =         .0000000     |
| Underlying probabilities based on Logistic  |
|    Cell frequencies for outcomes            |
|  Y Count Freq  Y Count Freq  Y Count Freq   |
|  0   195 .200  1   195 .200  2   195 .200   |
|  3   195 .200  4   195 .200                 |
+---------------------------------------------+
+---------+--------------+----------------+--------+---------+----------+
|Variable | Coefficient  | Standard Error |b/St.Er.|P[|Z|>z] | Mean of X|
+---------+--------------+----------------+--------+---------+----------+
          Index function for probability
 Constant     .9858079258       .25275256    3.900   .0001
 NUMBER    .4085244258E-04  .12503673E-02     .033   .9739     98.000000
 X1          -1.911910864       .28395629   -6.733   .0000     3.0000000
 TREAT        2.447284768       1.2726632    1.923   .0545     .40000000
 RECREATI     7.364816196       3.1843071    2.313   .0207     .60000000
 COSUMTIO     15.45881082       6.3653278    2.429   .0152     .40000000
 COST     -.4815330544E-01  .42060003E-01   -1.145   .2523     115.07692
 CPI          20.40823447       6.6870203    3.052   .0023  .12147590E-01
 TBYAGE    .9932940579E-03  .92322483E-02     .108   .9143     18.847179
 TBYEDU       .1326839321   .70425361E-01    1.884   .0596     1.4769231
 TBYOCC   -.5159350429E-01  .65369055E-01    -.789   .4300     1.3743590
 TBYPR     .5296968067E-02  .64250767E-02     .824   .4097     11.743590
 TBYMEM   -.3409191375E-01  .63259969E-01    -.539   .5899     1.6246154
 TBYINFO      .2373666793       .22190513    1.070   .2848     .25230769
 TBYD     -.7961729206E-01      .24562241    -.324   .7458     .18461538
          Threshold parameters for index
 Mu(1)        1.068932644   .57987106E-01   18.434   .0000
 Mu(2)        2.035561591   .68696793E-01   29.631   .0000
 Mu(3)        3.375096792       .10268645   32.868   .0000
 (Note: E+nn or E-nn means multiply by 10 to + or -nn power.)
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Model 3

--> ORDERED;Lhs=RANK_1;Rhs=ONE,NUMBER,X1,TREAT,RECREATI,COSUMTIO,COST,CPI
    ,RBYAGE,RBYEDU,RBYOCC,RBYPRTL,RBYMEM,RBYINFO,RBYD;Logit$
Normal exit from iterations. Exit status=0.

+---------------------------------------------+
| Ordered Probability Model                   |
| Maximum Likelihood Estimates                |
| Model estimated: Oct 14, 2007 at 09:13:33PM.|
| Dependent variable               RANK_1     |
| Weighting variable                 None     |
| Number of observations              975     |
| Iterations completed                 27     |
| Log likelihood function       -1423.013     |
| Restricted log likelihood     -1569.202     |
| Chi squared                    292.3770     |
| Degrees of freedom                   14     |
| Prob[ChiSqd > value] =         .0000000     |
| Underlying probabilities based on Logistic  |
|    Cell frequencies for outcomes            |
|  Y Count Freq  Y Count Freq  Y Count Freq   |
|  0   195 .200  1   195 .200  2   195 .200   |
|  3   195 .200  4   195 .200                 |
+---------------------------------------------+
+---------+--------------+----------------+--------+---------+----------+
|Variable | Coefficient  | Standard Error |b/St.Er.|P[|Z|>z] | Mean of X|
+---------+--------------+----------------+--------+---------+----------+
          Index function for probability
 Constant     .8396118932       .25776501    3.257   .0011
 NUMBER    .1726604003E-02  .13936658E-02    1.239   .2154     98.000000
 X1          -1.946624817       .28400695   -6.854   .0000     3.0000000
 TREAT        3.063055257       1.0557601    2.901   .0037     .40000000
 RECREATI     8.134784668       3.1978726    2.544   .0110     .60000000
 COSUMTIO     16.15588535       6.2025957    2.605   .0092     .40000000
 COST     -.5104564146E-01  .40969446E-01   -1.246   .2128     115.07692
 CPI          11.58656591       7.3747360    1.571   .1162  .12147590E-01
 RBYAGE   -.1314999461E-02  .74542550E-02    -.176   .8600     28.270769
 RBYEDU      -.1349601356   .61087034E-01   -2.209   .0272     2.2153846
 RBYOCC   -.5165107719E-01  .54258812E-01    -.952   .3411     2.0615385
 RBYPRTL   .7479496295E-02  .52059432E-02    1.437   .1508     17.615385
 RBYMEM   -.2272672771E-01  .51441661E-01    -.442   .6586     2.4369231
 RBYINFO      .1175854851       .17920172     .656   .5117     .37846154
 RBYD         .2192645497       .21703031    1.010   .3124     .27692308
          Threshold parameters for index
 Mu(1)        1.073903283   .58171962E-01   18.461   .0000
 Mu(2)        2.043487570   .68809303E-01   29.698   .0000
 Mu(3)        3.381904921       .10259589   32.963   .0000
 (Note: E+nn or E-nn means multiply by 10 to + or -nn power.)
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Model 4

--> ORDERED;Lhs=RANK_1;Rhs=ONE,NUMBER,X1,TREAT,RECREATI,COSUMTIO,COST,CPI
    ,CBYAGE,CBYEDU,CBYOCC,CBYPRTL,CBYMEM,CBYINFO,CBYD;Logit$
Normal exit from iterations. Exit status=0.

+---------------------------------------------+
| Ordered Probability Model                   |
| Maximum Likelihood Estimates                |
| Model estimated: Oct 14, 2007 at 09:14:41PM.|
| Dependent variable               RANK_1     |
| Weighting variable                 None     |
| Number of observations              975     |
| Iterations completed                 27     |
| Log likelihood function       -1424.374     |
| Restricted log likelihood     -1569.202     |
| Chi squared                    289.6569     |
| Degrees of freedom                   14     |
| Prob[ChiSqd > value] =         .0000000     |
| Underlying probabilities based on Logistic  |
|    Cell frequencies for outcomes            |
|  Y Count Freq  Y Count Freq  Y Count Freq   |
|  0   195 .200  1   195 .200  2   195 .200   |
|  3   195 .200  4   195 .200                 |
+---------------------------------------------+
+---------+--------------+----------------+--------+---------+----------+
|Variable | Coefficient  | Standard Error |b/St.Er.|P[|Z|>z] | Mean of X|
+---------+--------------+----------------+--------+---------+----------+
          Index function for probability
 Constant     1.027056974       .24939954    4.118   .0000
 NUMBER   -.2586421184E-03  .12034166E-02    -.215   .8298     98.000000
 X1          -1.928123387       .28380473   -6.794   .0000     3.0000000
 TREAT        3.063588185       1.0482155    2.923   .0035     .40000000
 RECREATI     7.735580931       3.0793534    2.512   .0120     .60000000
 COSUMTIO     16.80978926       6.1937833    2.714   .0066     .40000000
 COST     -.5264282255E-01  .40651336E-01   -1.295   .1953     115.07692
 CPI          18.60740307       7.8134847    2.381   .0172  .12147590E-01
 CBYAGE   -.9542170735E-03  .96172811E-02    -.099   .9210     18.847179
 CBYEDU   -.7723459627E-01  .81928966E-01    -.943   .3458     1.4769231
 CBYOCC   -.5176826519E-01  .71410653E-01    -.725   .4685     1.3743590
 CBYPRTL  -.1262209892E-01  .66994848E-02   -1.884   .0596     11.743590
 CBYMEM       .1062854071   .65521626E-01    1.622   .1048     1.6246154
 CBYINFO     -.2003590463       .22641715    -.885   .3762     .25230769
 CBYD     -.8679668613E-01      .24885353    -.349   .7272     .18461538
          Threshold parameters for index
 Mu(1)        1.066018842   .57884579E-01   18.416   .0000
 Mu(2)        2.033303065   .68709828E-01   29.593   .0000
 Mu(3)        3.374773245       .10293327   32.786   .0000
 (Note: E+nn or E-nn means multiply by 10 to + or -nn power.)
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Model 5

--> ORDERED;Lhs=RANK_1;Rhs=ONE,NUMBER,X1,TREAT,RECREATI,COSUMTIO,COST,CPI
    ,TBYAGE,TBYEDU,TBYOCC,TBYPR,TBYMEM,TBYINFO,RBYAGE,RBYEDU,RBYOCC,RBYPRTL

,RBYMEM,RBYINFO,CBYAGE,CBYEDU,CBYOCC,CBYPRTL,CBYMEM,CBYINFO,TBYD,RBYD,CBYD
    ;Logit$
Normal exit from iterations. Exit status=0.

+---------------------------------------------+
| Ordered Probability Model                   |
| Maximum Likelihood Estimates                |
| Model estimated: Oct 14, 2007 at 09:15:56PM.|
| Dependent variable               RANK_1     |
| Weighting variable                 None     |
| Number of observations              975     |
| Iterations completed                 41     |
| Log likelihood function       -1411.377     |
| Restricted log likelihood     -1569.202     |
| Chi squared                    315.6493     |
| Degrees of freedom                   28     |
| Prob[ChiSqd > value] =         .0000000     |
| Underlying probabilities based on Logistic  |
|    Cell frequencies for outcomes            |
|  Y Count Freq  Y Count Freq  Y Count Freq   |
|  0   195 .200  1   195 .200  2   195 .200   |
|  3   195 .200  4   195 .200                 |

+---------------------------------------------+

+---------+--------------+----------------+--------+---------+----------+
|Variable | Coefficient  | Standard Error |b/St.Er.|P[|Z|>z] | Mean of X|
+---------+--------------+----------------+--------+---------+----------+
          Index function for probability
 Constant     .9347049234       .28403198    3.291   .0010
 NUMBER    .6504337202E-03  .18436873E-02     .353   .7242     98.000000
 X1          -1.941956461       .28478434   -6.819   .0000     3.0000000
 TREAT        2.111546364       1.2944052    1.631   .1028     .40000000
 RECREATI     7.981354804       3.3144240    2.408   .0160     .60000000
 COSUMTIO     15.84373834       6.4195453    2.468   .0136     .40000000
 COST     -.4668462320E-01  .42256948E-01   -1.105   .2693     115.07692
 CPI          16.45025043       8.7137222    1.888   .0590  .12147590E-01
 TBYAGE    .2145152497E-02  .10510676E-01     .204   .8383     18.847179
 TBYEDU       .2358704290   .78928462E-01    2.988   .0028     1.4769231
 TBYOCC   -.2990152208E-01  .74005385E-01    -.404   .6862     1.3743590
 TBYPR    -.1227121364E-02  .71740739E-02    -.171   .8642     11.743590
 TBYMEM   -.1878645660E-01  .70904923E-01    -.265   .7910     1.6246154
 TBYINFO      .2184704645       .25127156     .869   .3846     .25230769
 RBYAGE   -.1589731590E-02  .89342415E-02    -.178   .8588     28.270769
 RBYEDU      -.2058493072   .70138833E-01   -2.935   .0033     2.2153846
 RBYOCC   -.3810223009E-01  .63985879E-01    -.595   .5515     2.0615385
 RBYPRTL   .1216451123E-01  .61389039E-02    1.982   .0475     17.615385
 RBYMEM   -.3865255366E-01  .60192134E-01    -.642   .5208     2.4369231
 RBYINFO   .7044996856E-01      .21388492     .329   .7419     .37846154
 CBYAGE   -.4587172090E-03  .10189032E-01    -.045   .9641     18.847179
 CBYEDU   -.1190110404E-01  .85665878E-01    -.139   .8895     1.4769231
 CBYOCC   -.3760150958E-01  .74900933E-01    -.502   .6157     1.3743590
 CBYPRTL  -.1760529946E-01  .71222147E-02   -2.472   .0134     11.743590
 CBYMEM       .1180404396   .69013438E-01    1.710   .0872     1.6246154
 CBYINFO     -.2263911158       .24026301    -.942   .3461     .25230769
 TBYD        -.1241475699       .27183471    -.457   .6479     .18461538
 RBYD         .1885484810       .23019147     .819   .4127     .27692308
 CBYD     -.7196474576E-01      .27216755    -.264   .7915     .18461538
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 Threshold parameters for index
 Mu(1)        1.093374970   .59005209E-01   18.530   .0000
 Mu(2)        2.077900421   .69494900E-01   29.900   .0000
 Mu(3)        3.430230005       .10327479   33.215   .0000
 (Note: E+nn or E-nn means multiply by 10 to + or -nn power.)
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Appendix E
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Appendix F

fishing in Koui Ngam Dam

A man who fishing said the fish in Lum Ta Kong River are many type such as
barb, catfish, Mud fish etc.
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Tilapia and Red-cheeked barb

Domesticating animals near Lum Ta Kong River
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Garbage in Koi kang dam

Grease trap in Samukee Community
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Wastewater after flow pass grease trap drain into Lum Ta Kong River

Grease trap in household
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