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Abstract

:

Oil spill accidents involving cars or boats for transport in rivers can contaminate drinking water sources. During the past ten years, an annual average of forty-six cases of oil spill accidents have occurred in Korean rivers. Because of this, the Korean government is seeking to reduce the incidence of oil spill accidents in rivers by half. This article aims to evaluate the public value of the reduction. Household willingness to pay (WTP) for the reduction was investigated, applying the contingent valuation approach. A survey of 1000 households was carried out in Korea. The data on the WTP were gathered using a dichotomous choice question and analyzed employing the spike model. The mean WTP estimate is obtained as KRW 6188 (USD 5.28) per household per annum, which is statistically meaningful. The total public value expanded to the population amounts to KRW 120.8 billion (USD 103.0 million) per year. The information can be utilized in policy-making and decision-making about the reduction of the incidence of oil spill accidents in rivers by half.
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1. Introduction


Oil spill accidents in rivers can cause an immediate and devastating effect on wildlife and the ecosystem, and can be harmful to the health of the residents in the impacted area, since they can pollute drinking water sources. Oil can contain more than one hundred contaminants, all of which are hazardous and toxic substances [1]. Therefore, if humans and animals are exposed to these substances, they may cause various diseases, such as cancer, genotoxicity, fetal growth defects, cardiovascular disease, DNA adducts in fish, bioaccumulation, and so on [1,2,3,4,5].



Our country has land characteristics such as the enlargement of industrial facilities, obsolescence, an increase in multi-use facilities, and concentrated living space. Therefore, we anticipate increasing oil spills and human and social damage due to crowding. According to recent statistics, during the past decade, an annual average of 46 oil spill accidents have occurred in Korean rivers [6]. For instance, there are many rivers containing various construction works in Korea, and dredgers frequently cause oil spill accidents on these construction sites. In addition, an oil tanker carrying diesel crashed into Chuncheon Lake, resulting in the leakage of 2000 L of oil. As the number of accidents increases, the Korean Government’s budget to restore the damage also increases every year. Therefore, the Government plans to implement various national plans to procure systematic incident response capability by implementing an integrated accident response system, establishing an accident prevention response system, and securing a relief system for environmental pollution [7].



Oil spill accidents mostly occur in marine areas; thus, research on marine accidents and safety management is active in accordance with the increasing maritime usage [8,9,10,11,12]. Moreover, maritime accidents—undesired abnormal events involving a ship that often result in loss of life or major injury to any person on board and in various types of property damage—have been a major issue in the international maritime community since shipping began [13]. However, research and policy on oil spill accidents in rivers are insufficient, despite the steady increase in oil spill accidents in rivers used for drinking water and agricultural water.



Therefore, the Korean Government is considering a plan to reduce the incidence of oil spill accidents in rivers by 50%. Government officials are requesting information about the value that the enforcement of the reduction plan produces to the public, which is of great help to obtain some implications concerning whether the reduction should be performed or not. For this purpose, this study strives to derive household willingness to pay (WTP) for the reduction. The rest of this article consists of five sections. Section 2 presents a short review of some former studies. Section 3 describes the methodology that this article adopts. Section 4 explains the economic model for dealing with the WTP data. Section 5 provides the results and a discussion thereof. Section 6 provides conclusions.




2. A Short Review of Some Former Studies


The task of dealing with the measurement of the public value of reducing the incidence of oil spill accidents or the damage cost caused by oil spill accidents is the responsibility of researchers [14,15,16,17,18]. There have been many studies on this measurement, as reported in Table 1. From the literature review, it is found that stated preference (SP) methods have usually been applied to carry out such tasks. The SP methods usually ask people to state their WTP for consuming the goods or services concerned. Two representative approaches belonging to SP methods are the contingent valuation (CV) approach (e.g., [19,20,21,22]) and choice experiment (CE) approach (e.g., [23,24]). The former elicits the WTP response directly. However, the latter derives the WTP responses indirectly.



For example, Carson et al. [19] estimated the non-use value for damages from the 1989 Exxon Valdez oil spill in Alaska using the CV technique. The median WTP for preventing another Exxon Valdez-type oil spill was USD 48 per household per year. van Biervliet et al. [20] examined the WTP for preventing hypothetical oil spill scenario along the Belgian Coast. The annual WTP per household is worth EUR 12 to 59, depending on some conditions. Ahtiainen [21] applied a CV technique to elicit the public WTP for improving the capacity of oil spill response using the specific case of the Gulf of Finland. The mean WTP estimate was calculated as EUR 73.57 per household per year. Loureiro et al. [22] conducted a CV survey after a Prestige oil spill in Spain. The mean WTP estimate for preventing a future oil spill was EUR 40.51 per household per year.



Casey et al. [23] employed the choice experiment method to assess the public WTP for avoiding the environmental risks caused by oil transport in the Amazon River. The marginal WTP estimates from reducing the chance of oil spills, reducing the size of oil spills, compensation for the education problems caused by oil spills, and compensation for the health problems caused by oil spills were USD 472, 214, 260, and 129 per household per year, respectively. Liu et al. [24] employed a CE and analyzed household WTP for preventing coastal resources from being polluted by the oil spill in the Wadden Sea. The attributes utilized as indicators of oil spill management were coastal waters, beaches, birds, and the oil collection ratio. The average household WTP for the attributes was computed as EUR 29.1 per annum in the study.




3. Methodology


3.1. Object to Be Investigatied


Overall the number of oil spill accidents in rivers has been increasing every year. The detailed status of the number of oil spill accidents in rivers is shown in Table 2. Therefore, the object of investigation in our study is the governmental plan to reduce the incidence of oil spill accidents in rivers by half. The expected effects from carrying out the reduction plan are that the quality of the water source will be preserved well, and the residents and ecosystem in the impacted area will be able to curtail the damage from water pollution. These were conveyed and explained to the respondents through the use of newspaper articles, color pictures, and well-made presentation materials during the CV survey.




3.2. Method: CV Approach


As addressed above, this article aims to look into people’s WTP for reducing the incidence of oil spill accidents in Korean rivers by half. This study will employ the CV approach instead of the CE approach because the first [25] is much simpler to apply than the second, and the attributes required in using the CE approach are not well-defined in this study. Our research can be compared with previous studies in four respects. First, the studies that measured people’s WTP for reducing the incidence of oil spill accidents in Korean rivers by half remain scarce. Most of the related studies have tackled oil spill accidents on the coast or the deep water horizon. This is the case for Korea [26,27,28,29].



Second, our application of the CV technique coincides with the practice adopted in the former studies dealing with this kind of research topic. Moreover, the CV technique is based on microeconomics and thus theoretically sound [30]. Since the findings from this article may be used in policy-making and analysis, it is crucial to use reasonable and sound methodology. The CV technique is not only practically useful, but also theoretically robust.



Third, we tried to follow several guidelines recommended for applying the CV approach in the literature. They include the use of a dichotomous choice (DC) question, a minimum sample size of 1,000, the adoption of a tax rather than a donation, a fund or a usage fee as a payment vehicle, the employment of annual payment rather than one-shot payment or monthly payment as a payment method, the announcement of the possible presence of substitutes for the goods to be investigated in the CV survey, and so on. More details will be presented in the next subsections.



Fourth, when eliciting the WTP responses, this study paid more attention to not only mitigating the response bias but also augmenting the statistical efficiency. This article employs a single-bounded (SB) DC method given in Hanemann [31], which can produce less response bias than the double-bounded (DB) DC method. Furthermore, the spike model proposed by Kriström [32] is combined with the SB DC method in order to model the WTP data with zero observations. Figure 1 shows the procedure for applying the CV approach.




3.3. Sample and Survey Instrument


In consideration of the research budget, we decided to set the sample size at 1000. The 1000 respondents were allocated into each province proportionally to the total number of households in each province given in Statistics Korea [33]. In this regard, our sampling method was stratified random sampling. Each province was a stratum. Within each province, the allocated number of households was randomly selected. The entire process of sampling and carrying out the survey was administered by a professional survey firm during July 2016. The firm sought to ensure that the sample characteristics represented the population characteristics well. An experienced specialist at the firm ran the whole process.



A pretest using a focus group of thirty persons was implemented with an earlier version of the survey instrument to examine whether it is understandable and clear enough for the interviewees to finish filling in the survey questionnaire. The outcomes of the in-depth interviews with the focus group were utilized to make the questionnaires fully corrected for use in the main survey. Its final version is made up of four parts. The first part presents the background and objective of the survey. The second part includes several questions deriving the interviewees’ opinions and judgment regarding the plan of reducing the incidence of oil spill accidents in rivers by half. The third part deals with questions about the WTP for the reduction plan. Some questions about respondents’ characteristics are given in the final part.




3.4. Elicitation of WTP


As explained above, this article adopted a SB DC question to gather the WTP responses. The DC question was originally recommended for use in the field CV survey by a number of studies. The main reason for the recommendation is that it can reduce the respondents’ burden of answering the WTP question and derive an incentive-compatible response from interviewees [31]. The DC question is quite simple. The only work for a respondent to do is to state “yes” or “no” to a given bid amount. The respondent will report “yes” if her/his WTP for the reduction plan is more than or equal to an offered bid and “no” otherwise. On the other hand, an open-ended question of directly asking the WTP value is not preferred to the DC question in the literature because the former can induce a number of protest WTP responses [30,34,35]. Most of the CV studies adopting the DC question have applied the SB or DB DC formats. The SB DC format has the benefit of alleviating any response bias arising from the use of the DB DC format.



One complication involved in applying the CV is that it puts people in a hypothetical situation and thus the respondents can have difficulties in stating their true WTP. An appropriate payment can help the respondents confronted with the hypothetical situation report their WTP, making them feel as if they were in the real world. Some examples of the payment vehicle include a tax such as income tax or property tax, a donation, a fund, a usage fee, and so on. The payment vehicle should be related to the funds used for enforcing the policy, should not be confined to routine expenditure, and should be familiar to people. We decided that the payment vehicle meeting the three conditions is income tax. Thus, the WTP question presented to the respondents was “Would your household accept an amount of increase in annual income tax to reduce the incidence of oil spill accidents in Korean rivers by half?”





4. WTP Model


4.1. SB DC Model


Hanemann [31] proposed an approach to model the SB DC CV data.     A j     is defined as a bid presented to respondent   j  . Before implementing the field CV survey, we need to determine a set of bids. A bid is randomly selected of the several bids and presented to each interviewee. The interviewees are asked to say “yes” or “no” to the payment of     A j    , and an additional question is not required. Let     Y j     be the interviewee’s WTP. Two responses, “yes” (    Y j  ≥  A j    ) and “no” (    Y j  <  A j     ), can emerge from the situation where     A j     is offered. Therefore, let     I j Y     and     I j N     be binary variables which correspond to the two kinds of responses. For instance,     I j Y     is one if the   j  th interviewee reports “yes”, and zero otherwise.




4.2. Combination of SB DC Question and Spike Model


An additional question, “Would your household agree to pay anything?”, was given to the respondents who stated “no” to the bid. Her/his WTP is less than the bid and more than zero if the answer is “yes.” Her/his WTP is zero if the answer is “no.” One more binary variable,     I j  T Y     , is defined as one if the answer is “yes” and zero otherwise. Thus, there are three outcomes:




	-

	
“yes” (    Y j  >  A j     ),




	-

	
“no–yes” (   0 <  Y j  <  A j     ), and




	-

	
“no–no” (    Y j  = 0   ).









As will be explained below, out of the 1000 respondents, 480 said they had no intention of paying anything. Thus, the spike model can be usefully employed to deal with the WTP data. Considering that the most frequently used distribution in analyzing DC CV data is logistic distribution, we specify the WTP distribution function,     F Y  ( ⋅ )   , as:


    F Y  ( A ;  γ 0  ,  γ 1  ) =  {      [ 1 + exp (  γ 0  −  γ 1  A ) ]   − 1     if   A > 0       [ 1 + exp (  γ 0  ) ]   − 1         if   A = 0     0                 if   A < 0     ,   



(1)




where     γ 0     and     γ 1     are the parameters of     F Y  ( ⋅ )   .



The log-likelihood function for the model is:


      ln L =     ∑  j = 1  S  {   I j Y  ln [ 1 −  F Y  (  A j   ;  γ 0  ,  γ 1  ) ]      +  I j  T Y   ⋅  I j N  ln [  F Y  (  A j   ;  γ 0  ,  γ 1  ) −  F Y  ( 0 ;  γ 0  ,  γ 1  ) ]      + ( 1 −  I j  T Y   ) ⋅  I j N  ⋅ ln  F Y  ( 0 ;  γ 0  ,  γ 1  ) }    ,   



(2)




where   S   is the sample size.



We can get the estimates for     γ 0     and     γ 1     by finding the values for     γ 0     and     γ 1     maximizing Equation (2), that is, using the maximum likelihood estimation method. When using Equation (1) and the estimates for     γ 0     and     γ 1    , the average WTP can be obtained as:


   E ( Y ) =    ∫ 0 ∞   [ 1 −  F Y  ( A ;  γ 0  ,  γ 1  ) ] d A −    ∫  − ∞  0    F Y  ( A ;  γ 0  ,  γ 1  ) d A       = ( 1 /  γ 1  ) ln [ 1 + exp (  γ 0  ) ] .   



(3)









5. Results and Discussion


5.1. Data


The list of sets of bids used in the CV survey is KRW 1000, 2000, 3000, 5000, 7000, 10,000, and 15,000. USD 1.0 was equal to KRW 1173 when the survey was conducted. The list of bids was determined through the focus group interview of thirty individuals as follows: first, we asked the WTP for the reduction and obtained a set of WTP values; second, we deleted zero WTP values and then sorted the remaining positive WTP values to look into empirical distribution; third, some bids were selected from the distribution. One of seven bids was randomly offered to the interviewees. Finally, 1000 useable observations were obtained from the CV survey. Table 3 reports a summary of the interviewees’ responses to each bid. Overall, 363, 157, and 480 interviewees gave “yes”, “no–yes”, and “no–no” responses, respectively. Out of the 1000 respondents, 480 said they had no intention of paying anything (“no–no” responses).




5.2. Estimation Results of the Model


Table 4 presents the estimation results of the model. The estimate for     γ 1     was statistically significant. In particular, the negative sign of the estimate for     γ 1     means that a higher bid amount induced a lower probability of saying “yes” to a given bid. From Equation (1), the spike is derived as      [ 1 + exp (  γ 0  ) ]   − 1     . The estimate for the spike was calculated as 0.4871 and was statistically significant. Because the spike implies the possibility of the interviewee having zero WTP, the estimated spike should not be significantly different from the sample ratio of zero WTP (48.0%). This was the case with our study.



Table 4 also provides an estimate of average WTP calculated using Equation (3). The yearly average WTP had the value of KRW 6188 (USD 5.28) per household and was statistically meaningful. It is desirable to calculate its confidence interval to account for the uncertainties associated with computing the point estimate for the mean WTP. The 95% confidence interval computed adopting the parametric bootstrapping method presented in Krinsky and Robb [36] was KRW 5418 to 7125 (USD 4.62 to 6.07). In addition, the yearly median WTP had the value of KRW 443 (USD 0.38) per household. The t-value computed under the null hypothesis that the coefficient is zero was 0.82. Thus, the null hypothesis cannot be rejected, and the median WTP estimate was not statistically significant.




5.3. Reflection of Covariates


Covariates are the factors that can have an effect on the probability of saying “yes” to a provided bid. Generally, the interviewees’ characteristics were used as covariates. We considered four variables: income, householder, education level, and gender. Table 5 explains the variables.



The covariates were reflected in the model by inserting them into     γ 0     in Equation (1). Therefore, the positive sign of the coefficient for a variable indicates that the variable has a positive correlation to the probability of reporting “yes” to an offered bid. Table 6 shows the estimation results of the model with covariates. The coefficient estimate for the bid amount term was statistically significant. More importantly, the estimated coefficient for the bid amount variable was negative as expected. The coefficient estimates for all variables were statistically meaningful. The respondent’s education level was positively related to the probability of reporting “yes” to a given bid. Similarly, richer interviewees were more inclined to accept the payment of a proposed bid than less-rich interviewees. The coefficient estimates for Householder and Gender variables were all negative, meaning that householders had a lower tendency to state “yes” to a proposed bid and male interviewees had a lower probability of saying “yes” to an offered bid than female interviewees.




5.4. Discussion of the Results


It is necessary to expand the findings for the sample to the population level. When the survey was conducted, Korea had 19,523,587 households [33]. However, the number of observations used here was just one thousand. Therefore, the representativeness of our sample should be examined. That is, whether our sample represents the population well or not is the key to obtaining population-level information. This study attempts to look into the issue in two aspects before the expansion is performed. First, random and scientific sampling in gathering the data is quite important to the expansion. As explained above, a professional survey company that has rich experience in field CV surveys commissioned the entire process of the sampling, thereby guaranteeing that the sample maintained a representative nature.



Second, whether some variables for the sample were similar to those for the population or not should be examined. In this regard, the ratio of female respondents, the monthly income of the household, and the size of the household are looked into here. The sample averages for the variables were 50.0%, KRW 4.16 million, and 3.5 persons. The population averages were 50.0%, KRW 4.36 million, and 3.13 persons when the survey was carried out [33]. Interestingly, it seems that there were no significant gaps between the two values for each variable. This finding makes the representativeness of our sample even stronger. Thus, the findings from the sample can be expanded to the inference of the population values.



The way in which the covariates are selected may affect the mean WTP estimate. Thus, the mean WTP estimate found in models with no covariates was used in expanding the sample figure to the population figure instead of that in the model with covariates. When the yearly values concerning the first and the total number of households in Korea are used, we can compute the total WTP, expanded to the relevant population. As shown in Table 7, it was found that the population’s WTP for reducing the incidence of oil spill accidents in Korean rivers by half was KRW 120.8 billion (USD 103.0 million) per annum. The 95% confidence interval for the total WTP value was KRW 105.8 to 139.1 billion (USD 90.2 to 118.5 million). It appears that reducing the incidence of oil spill accidents in Korean rivers by half contributes to Korean households’ utility.



Oil spill accidents are increasing every year in Korea, and some findings that emerge from our CV survey show that Korean households are concerned about oil spill accident damage. This means that a number of households want to enforce strong and systematic incident response regulations of oil spill accidents in rivers. Therefore, the Korean Government needs to execute a joint public and private response and endeavor actively to reduce the incidence of oil spill accidents in rivers.





6. Conclusions


Oil spill accidents in rivers damage a wide range of resources (e.g., human health and the ecosystem), due to the hazardous and toxic substances in the oil. When these substances enter the human body or animals, they cause adverse effects in relation to cancer, fetal growth, cardiovascular disease, bioaccumulation, and so on. To reduce oil spill accidents, it is important to tighten the regulations in the systematic reduction plan. Therefore, the Korean Government is trying to implement a plan to reduce the incidence of oil spill accidents in rivers by half. This article applied a CV technique to assess the public value of the reduction plan. The estimate for the mean annual WTP for the reduction was KRW 6188 (USD 5.28) per household. It has statistical meaningfulness at the 1% level and the sample also represented the population well. Expanding the value to the whole country resulted in KRW 120.8 billion (USD 103.0 million) per year. In addition, the ratio of yearly mean WTP per household to the household’s yearly income was 0.012%.



This article tried to contribute to the current literature by deriving the household WTP for reducing the incidence of oil spill accidents in rivers by half and evaluating the public value of the reduction plan. To the best of the authors’ knowledge, there are a few studies that dealt with the issue. Thus, the study provided empirical evidence that the CV approach, which is theoretically grounded in microeconomics, could be successfully utilized in measuring the national public value of the reduction. Although river oil spill accidents are less likely to occur than one caused by marine oil spill, rivers should also be managed systematically because of their use for drinking water and agricultural water. However, there is a lack of specific government management programs such as accident response and prevention systems, as well as relief systems for environmental pollution. Therefore, the authors think that the framework of the study can be extended in future studies in several ways.



It is costly to reduce oil spill accidents in rivers by carrying out the government plan. Since the cost will eventually be covered by the national tax levied on people, it is vital to gather public opinion on whether or not to pay for the reduction. This is because the reduction cannot be successful without public support for the reduction. In particular, policy makers ask for quantitative information about people’s WTP for the reduction. The purpose of this study was to provide information to policy makers. In this regard, the results from the study are useful from the perspective of policy.



For example, we need to break down the public value to non-use and use values. Overall, the residents’ interest in reducing the oil spill accidents is on the rise, and they reported a significant WTP for the reduction. In the CV survey, some respondents stated that they were not and would not be harmed by the oil spill accidents but were willing to pay some amount to reduce the oil spill accidents. Thus, it appears that the WTP reflects not only use value, but also non-use value. In other words, reducing the incidence of oil spill accidents in rivers by half is quite important to the residents, even if some of them do not directly benefit from the reduction. The non-use value reflects altruistic values. Therefore, we found that people were willing to pay a significant amount for the reduction of the oil spill accidents in rivers.



Moreover, we need to examine how the value varies as time passes by conducting the CV survey every year for some years and analyzing the CV data. Investigating how much the value changes across the regions and identifying other geographic factors which affect the value are also a good research topic. Comparing the findings from this study with those from other studies for foreign countries and analyzing the gap between the two enables us to obtain new insight into the WTP estimate. These works can provide us with a new point of view concerning the public value.
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Figure 1. Procedure for applying the contingent valuation (CV) approach in this study. 
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Table 1. A summary of the observations from some former studies.
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	Countries
	Sources
	Methodologies a
	Yearly Household Willingness to Pay





	United States
	Carson et al. [19]
	CV
	For preventing an Exxon Valdez-type oil spill: USD 48



	Belgium
	van Biervliet et al. [20]
	CV
	For preventing hypothetical oil spill scenarios: EUR 12 to 59



	Finland
	Ahtiainen [21]
	CV
	For building up the oil spill response capacity in the Gulf of Finland: EUR 73.57



	Brazil
	Casey et al. [23]
	CE
	For avoiding the risk of oil spills by reducing the chance of oil spills: USD 472

For avoiding the risk of oil spills by reducing the size of oil spills: USD 214

For avoiding the risk of oil spills by compensation for health problems caused by oil spills: USD 260

For avoiding the risk of oil spills by compensation for education problems caused by oil spill: USD 129



	Germany
	Liu et al. [24]
	CE
	For hindering coastal resources from being polluted by oil spills in the Wadden Sea: EUR 29.1



	Spain
	Loureiro et al. [22]
	CV
	For averting a future oil spill in Spain: EUR 40.51







Notes: a CV and CE imply contingent valuation and choice experiment, respectively.
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Table 2. Apparent trend of the frequency of water pollution accidents.
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	Year
	Oil Spill
	Chemical Substance Spill
	Fish Mortality
	Others
	Totals





	2005
	30
	7
	11
	11
	59



	2006
	16
	8
	7
	21
	52



	2007
	18
	8
	10
	14
	50



	2008
	20
	6
	10
	17
	53



	2009
	23
	5
	19
	13
	60



	2010
	46
	6
	17
	17
	86



	2011
	38
	6
	11
	13
	68



	2012
	42
	3
	14
	24
	83



	2013
	69
	24
	24
	40
	157



	2014
	89
	16
	70
	37
	212



	2015
	58
	7
	49
	19
	133



	2016
	55
	8
	38
	15
	116



	Totals
	504
	104
	280
	241
	1129







Source: Korea Environment Corporation [6].
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Table 3. Summary of the interviewees’ responses.
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Bid Amount a

	
Number of Responses (%) b

	
Sample Size




	
“Yes”

	
“No–Yes”

	
“No–No”






	
1000

	
85 (59.4%)

	
14 (9.8%)

	
44 (30.8%)

	
143 (100.0%)




	
2000

	
65 (45.5%)

	
22 (15.4%)

	
56 (39.2%)

	
143 (100.0%)




	
3000

	
62 (43.4%)

	
18 (12.6%)

	
63 (44.1%)

	
143 (100.0%)




	
5000

	
46 (32.2%)

	
27 (18.9%)

	
70 (49.0%)

	
143 (100.0%)




	
7000

	
35 (24.5%)

	
31 (21.7%)

	
77 (53.8%)

	
143 (100.0%)




	
10,000

	
42 (29.4%)

	
21 (14.7%)

	
80 (55.9%)

	
143 (100.0%)




	
15,000

	
28 (19.7%)

	
24 (16.9%)

	
90 (63.4%)

	
142 (100.0%)




	
Totals

	
363 (36.3%)

	
157 (15.7%)

	
480 (48.0%)

	
1000 (100.0%)








Notes: a The unit is the Korean Won (USD 1.0 = KRW 1173 at the time of the survey). b The percentage of sample size is given in parentheses beside the number of responses.
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Table 4. Estimation results of the model.
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	Variables
	Coefficient Estimates d





	Constant
	0.0514 (0.80)



	Bid amount a
	−0.1162 (−14.70) #



	Spike
	0.4871 (30.48) #



	Yearly mean WTP per household
	KRW 6188 (USD 5.28)



	  t-value
	14.54 #



	  95% confidence interval b
	KRW 5477 to 7115 (USD 4.67 to 6.07)



	Yearly median WTP per household
	KRW 443 (USD 0.38)



	  t-value
	0.82



	  95% confidence interval b
	KRW −622 to 1480 (USD −0.53 to 1.26)



	Number of observations
	1000



	Log-likelihood
	−1019.64



	Wald statistic (p-value) c
	211.54 (0.000)







Notes: a The unit is KRW 1000, and the exchange rate was USD 1.0 = KRW 1173 at the time of the survey. b It is calculated using the parametric bootstrapping method given in Krinsky and Robb [36]. c It is calculated under the null hypothesis of all parameters being jointly zero. d The values reported in parentheses beside the coefficient estimates are t-values. # implies statistical meaningfulness at the 1% level. WTP: willingness to pay.
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Table 5. Description of the variables used for covariates.
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	Variables
	Definitions
	Mean
	Standard Deviation





	Income
	The household’s monthly income before tax deduction (unit: million Korean won)
	4.16
	2.00



	Householder
	A dummy for the respondent’s being a householder (0 = no; 1 = yes)
	1.46
	0.50



	Education
	The respondent’s education level in years
	13.91
	2.42



	Gender
	The respondent’s gender (0 = male; 1 = female)
	0.50
	0.50
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Table 6. Estimation results of the model with covariates.
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Variables a

	
Coefficient Estimates

	
t-Values






	
Constant

	
1.2530

	
1.58




	
Bid amount b

	
−0.1200

	
−13.78 #




	
Income

	
0.8895

	
2.73 #




	
Householder

	
−1.3918

	
−3.81 #




	
Education

	
0.0847

	
3.17 #




	
Gender

	
−1.4068

	
−3.87 #




	
Spike

	
0.4848

	
30.57 #




	
Yearly mean WTP per household

	
KRW 6032 (USD 5.14)




	
  t-value

	
13.46 #




	
  95% confidence interval c

	
KRW 5251 to 7036 (USD 4.48 to 6.00)




	
Wald statistic (p-value) d

	
181.08 (0.000)




	
Log-likelihood

	
−1001.01




	
Number of observations

	
1000








Notes: a Table 5 explains the variables. b The unit is KRW 1000 (USD 1.0 = KRW 1173 at the time of the survey). c Calculated using the parametric bootstrapping method given in Krinsky and Robb [36]. d Calculated under the null hypothesis of all the parameters being jointly zero. # implies statistical meaningfulness at the 1% level.
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Table 7. Estimation of total willingness to pay (WTP).
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	Estimates
	95% Confidence Intervals





	Mean annual WTP per household
	KRW 6188

(USD 5.28)
	KRW 5418 to 7125

(USD 4.62 to 6.07)



	Total annual WTP
	KRW 120.8 billion

(USD 103.0 million)
	KRW 105.8 to 139.1 billion

(USD 90.2 to 118.5 million)







Note: Korea had 19,523,587 households when the survey was carried out.
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