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Abstract  This paper reports the results of a Contingent Valuation (CV) study on cancer prevention where Multiple-Bounded Dichotomous Choice (MBDC) questions are asked of rural residents in China about their willingness to pay (WTP) for a hypothetical cancer vaccine which is expected to be effective for one year. The WTP data are analyzed with region-, age- and gender-specific cancer morbidity and mortality risk statistics; an upper and lower bound of the Value of a Statistical Life (VSL) are then estimated. The estimated VSL is between 481 and 814 thousand yuan (or 58 and 98 thousand US dollars) at 2000 constant prices, which is compatible with the results of previous studies.
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1  Introduction
When evaluating a development policy or project, it is often necessary to put monetary values on human life, especially in the areas of public health, transportation and environmental protection. The concept of the value of a statistical life (VSL) has been used in economics in order to effectively facilitate benefit and cost analyses of different development policies and projects where human life can be affected. The VSL indicates the ex ante aggregate willingness to pay (WTP) of a society for reducing fatal risks, and has been widely studied in the developed world, but few VSL estimates can be found in China. 
This paper reports the results of a contingent valuation (CV) study conducted in China on cancer prevention. By observing cancer morbidity and mortality data, an upper and lower bound of the VSL in China can be inferred from the WTP analysis. In contrast to previous studies using similar approaches, the CV questions in this study are based on a hypothetical vaccine that prevents people from developing cancer for one year. 
This CV scenario design can help address two important pitfalls in VSL-related CV studies, as listed in Krupnick et al. (2002): (1) Respondents may not understand the risk changes they are asked to value. In an unpublished paper, Krupnick et al. (2007) revealed that approximately 44% and 49% of the respondents from the two largest Chinese cities, Shanghai and Chongqing, reported poor understandings of the probability of falling ill proposed in their surveys. In our study, a binary scenario of 1 or 0 is designed to distinguish the respondent’s health situation—with a possibility of developing cancer or with no possibility of developing cancer due to taking the vaccine. With this approach, the substantial tutorial effort of risk communication can be avoided. A similar cancer prevention scenario can be found in Milligan et al. (2010), in which the authors assessed the WTP for cancer prevention in the United States based on a double-bounded CV questionnaire format. (2) Respondents may lack experience in trading money for quantitative risk changes or fail to realize that they engage in this activity. In this survey, the respondents are asked to value a preventative vaccine instead of directly valuing the quantitative changes in risk. People have experience in buying preventative medicines and should be familiar with such a trade-off. Another advantage with using a cancer vaccine in this study is its characteristic of being a private good, which motivates respondents to concentrate on the “consumer” side of health benefits, while with a social or environmental improvement program that generates a cancer risk reduction, the respondents may act as a “citizen” and overstate their WTP. 
In the next section of this paper, we briefly summarize VSL estimations for developing countries. In Section 3 the WTP survey is introduced. The econometric methods are presented in Section 4, while the data are presented in Section 5. The estimation of individual WTP for the cancer vaccine is reported in Section 6. In Section 7, we discuss and present VSL estimations from the WTP values. A further analysis of correlation between WTP and mortality/morbidity risk reduction is presented in Section 8. In Section 9, we discuss and conclude the paper.  
2  VSL Estimation for Developing Countries
There are two categories of methods to estimate VSL.
 One is to estimate the loss of direct income due to premature death. This is called the human-capital approach, which calculates the present value of the future labor income forgone due to premature death. There are two well-recognized shortcomings with this approach, however. First, the approach does not take into consideration the intangible impacts of death on the individual and family well-being, such as suffering and loss of leisure, and therefore are often regarded as the lower bound of the social cost. Secondly, the approach only focuses on the active population, ignoring children and the elderly. 

The second category of methods values the changes in human mortality risks and is based on what individuals are willing to pay (WTP) or willing to accept (WTA) as compensation. The principal strategy of this approach is to use people’s preferences as a valid basis for the measurement of the variation in human wellbeing due to the reduction of mortality risk (World Bank, 1998). Because the “consumer surplus” from living can be many times higher than human capital, studies using the WTP/WTA approach generally provide a higher valuation of the health impact than those studies that use direct income losses. Using surveys of Taiwan and Los Angeles, Alberini and Krupnick (2000) found that the WTP estimation gives a 1.612.66 times higher value than the valuation based on loss of direct income. The WTP/WTA approach can be further distinguished into revealed preference studies, based on compensating wage data or consumer behavior data, and stated preference studies, including those employing contingent valuation methods (Krupnick et al., 2002).

Labor market hedonic studies are of the revealed preference approach and use differences in wage rates to measure the levels of compensation that people require for differences in the risks of dying or falling ill from occupational hazards. Viscusi and Aldy (2003) provided a comprehensive survey of compensating wage studies in the US and other countries. The recommended VSL figures range from 4 to 9 million dollars in the US. The VSL estimated by this approach, however, suffers from serious limitations. Firstly, based on the labor market or durable goods consumption market, the inactive population, especially the elderly, cannot be included. Secondly, workers in the labor market may not be completely aware of the risks associated with various professions. Thirdly, this approach also implicitly assumes that people have no special preferences for a certain profession, which is untrue in most cases. For example, although it is generally perceived that police officers have a higher fatal risk than governmental office employees, there are people who prefer working as a police officer because they are attracted to the high risk of this profession. This desire to have a high-risk job constitutes self-selection bias, which can affect the estimation results. Finally, many labor market hedonic studies also suffer from measurement errors: Workers within an industry and occupational group are typically assigned the same workplace fatality rate. However, in reality, a secretary working in the managerial office of a coalmine should not have the same mortality risk as a coal miner who spends all of his working time underground. 

The CV studies are of the stated preference approach, which use surveys to ask individuals to directly report their WTP for a hypothetically specified reduction in the risk of premature death, (r. The VSL can be subsequently derived as WTP/(r. An obvious advantage of a CV study is that it has more flexibility in the choice of population and the specific risk type compared to a hedonic price study (Alberini and Chiabai, 2007). However, a proper CV study is more demanding of technical expertise in questionnaire design, sample choice, and the distinguishing of failed responses among others. The greatest criticism of this method is that it is hypothetical, which requires the researcher using this method to undertake supplementary efforts to remind people of their true budget constraints.

Although numerous studies on the VSL have been conducted in the US and other developed countries, there are few studies of this type conducted in developing countries. To obtain the appropriate VSL for a developing country, Bowland and Beghin (2001) classified the related approaches into three groups with different degrees of sophistication. The studies in the first group are the simplest, scaling down health valuation estimates from industrialized countries using scaling factors such as relative income between the developing countries in question and the industrialized economies chosen for reference. 
The scaling logic, although simple, rarely obtains comparable VSLs for the same country because the VSL can be affected by other factors, such as the estimation method and the region’s economic and demographic characteristics. In China, most previous studies as summarized in the World Bank (1997) indicated the VSL to be $60,000. Li et al. (2004) scaled a study of the US performed by the US Environmental Protection Agency (USEPA, 1997) and found the VSL to be $445,000 in Shanghai. Deng (2006) found the VSL for Beijing to be $171,640 (2000 dollars) based on the WTP studies for 3 European countries or $324,723 (2000 dollars) based on the meta-analysis by Miller (2000 dollars). Zhou and Tol (2005) scaled an European Commission study in 2005 and found that the VSL for Tianjin should be $217,000.
 Mead and Brajer (2006) used the original Dockins et al. (2004) study and reported that the appropriate VSL should be $411,000 for Chinese cities.

The principal weakness of a scaling approach is that it assumes that the per capita income level is the sole determinant of relative valuation and sufficient to capture all factors that affect health (Mead and Brajer, 2006). An important additional implication of these studies is that the income elasticity of the VSL should be equal to one. However, most of the studies investigating this hypothesis found the contrary. Chestnut et al. (1997) and Alberini and Krupnick (2000) indicated that the VSL’s income elasticity is higher for poorer people than for wealthier people in most cases. The survey by Viscusi and Aldy (2003) of the developed countries revealed a VSL income elasticity of 0.5 to 0.6, while Bowland and Beghin (1998) found a value of 1.8 for the same indicator in developing countries.

The limitations of the scaling logic can be improved through a meta-analysis, which is the second type of study classified by Bowland and Beghin (2001). The meta-analysis of the VSL uses existing studies of industrialized countries to derive a VSL prediction function for developing countries, accounting for differences in the risk, income, human capital levels and demographics of a country. The studies presented in Bowland and Beghin (2001) and Miller (2000) are two examples of this type of meta-analyses. Bowland and Beghin (2001) performed a regression of the VSL using average age, education level, the coverage degree of the social security system, and other social situations as independent variables based on over 40 wage-risk studies of industrial countries. The best function form identified by Bowland and Behin is a double-log specification to capture the non-linear relationship between WTP and income.

The direct application of these two approaches to developing countries, however, is still problematic. The specific issues facing developing countries, such as distorted wages, cross-subsidization of public services, difficulties in valuing various homemaking services, and high unemployment rates obviously contradict the implicit assumption of the perfectly competitive labor market for several VSL estimations based on wage-risk hedonic prices. In addition, these studies also ignored the potentially important role played by health status in the valuation of mortality risk reduction (Krupnick et al., 2002; Arberini et al., 2004; Hammitt and Liu, 2005). The simple scaling principle and the independent-variable-based scaling principle do not permit us to include the difference between countries in the original mortality risks. Chestnut et al. (1997), based on two parallel CV studies conducted in Bangkok and Los Angeles, revealed that the average increase of the incidence of certain respiratory diseases resulting from the same percentage increase of pollution are incomparable between these two cities. 
These critics motivated the development of the third approach that uses available data or collects data in the developing country to directly estimate the WTP for mortality risk reduction. The method refers to the contingent valuation studies directly designed and carried out in developing countries, including Alberini et al. (1997), Alberini and Krupnick (1998), Hammit and Graham (1999) and Hammit and Liu (2004), most of which focus on Taiwan. Bowland and Beghin (2001) termed this approach the “Cadillac” approach, because it “tends to mobilize substantial resources and human capital out of reach of most decision makers and policy analysts in developing economies.” Although these studies provide more precise and convincing VSL assessments through in-field study, they only concentrate on a specific region within a country. For several large countries with significant differences in geographical, economic and ethnic conditions between regions, these studies can barely provide a VSL that is applicable countrywide. 
Several studies can be found in China that employ the contingent valuation method (CVM) in several areas. Although the studies use the same methodology, the reported VSLs for China are still very different. Wang and Mullahy (2006) conducted a contingent valuation study in Chongqing with the aim of estimating the WTP for reducing the risk of fatality due to air pollution. Based on face-to-face household interviews in March 1998 of 550 individuals and an open-end question for WTP backed by a bidding game in case of respondent hesitation, the study reported a median WTP for saving a statistical life of 286,000 yuan, which is about US$34,458. Hammitt and Zhou (2006) estimated the WTP values for three health endpoints: cold, chronic bronchitis and fatality, based on an in-person survey conducted in 1999 in Beijing, Anqing and the rural areas surrounding Anqing. Respondents’ WTP were elicited by a double-bounded, dichotomous-choice format; each respondent was asked whether she/he would purchase a treatment offering the stated risk reduction at a proposed bid price. Their estimations reported the sample-average median value per statistical life range between 33,080 yuan and 140,590 yuan (US$4,000 to US$17,000).

3  The Health Survey
In 2000, supported by the World Bank and China’s State Environmental Protection Administration (SEPA), we conducted a rural household survey on public health and the environment. This survey is aimed at better understanding the perceptions and the attitudes of rural Chinese people towards environmental and public health issues in China. In-person surveys, where respondents complete the questionnaires with close guidance from enumerators,
 are conducted in three municipalities: Danyang (Jiangsu Province), Liupanshui (Guizhou Province) and Tianjin, which include both rich and poor rural areas in China. Approximately half of the respondents are workers in factories in rural regions. One to three workers randomly selected from each factory based on the employee list are invited for personal interviews. The other half of the respondents are rural household heads or farmers, who are interviewed in or near to their homes. A list of communities is randomly selected in the three municipalities, and a certain number of household interviews are assigned to each selected community. Teams of enumerators are sent to the communities and individually invite the household heads to participate in the interviews. If the household heads are not at home or refuse to be interviewed, the neighboring households are subsequently selected, until the total number of interviews in each community reaches the target number. 

The questionnaire is developed from similar questionnaires previously employed in China and is pre-tested in each of the municipalities. Special care is used in the WTP section of the questionnaire. Several group discussions and two pre-tests are conducted at each municipality focusing on the wording of the WTP questions and the price range. The survey is conducted by teams of trained researchers, professors and graduate students.

The WTP question about health risk reduction is posed in the form of a hypothetical cancer vaccine. The MBDC format is used to illicit respondents’ WTP. This format combines two aspects of development from the traditional dichotomous choice (DC) WTP question: (1) the question allows respondents to vote on a wide range of referendum thresholds, and (2) a scale of “polychotomous choice” response options from “Definitely Not” to “Definitely Yes” is provided to allow respondents to express their level of voting certainty for the referendum at each price level. Thus, the MBDC survey technique actually reinforces both the quantity and quality of CV data. The WTP question in our questionnaire is as follows:
Suppose a type of medicine can prevent you from developing cancer with one dose. There would be no side effects. However, after one year, the medicine will cease to be effective. We would like to know the likelihood that you would buy this medicine, with different prices, to ensure that you would not develop cancer for one year. 

Please note that (1) different people have different probabilities of developing cancer. Therefore, the likelihood that different people truly need the medicine is different. If a person will surely not develop cancer, that person may not need this preventive measure. (2) With a given income, a person also needs to buy other goods and services, such as food and clothes, and may spend money to prevent other diseases. 

We only want to know the likelihood that you would buy this medicine, given the following list of prices, to make sure that you would not develop cancer in the following year. There are no right or wrong answers; we truly want to know how you would react to the different prices. Please select one possibility under each price given below.”
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Price
	Definitely not
	Probably not
	Not sure
	Probably yes
	Definitely yes

	Free(0 yuan)
	
	
	
	
	

	10 yuan
	
	
	
	
	

	20 yuan
	
	
	
	
	

	40 yuan
	
	
	
	
	

	60 yuan
	
	
	
	
	

	90 yuan
	
	
	
	
	

	150 yuan
	
	
	
	
	

	200 yuan
	
	
	
	
	

	300 yuan
	
	
	
	
	

	500 yuan
	
	
	
	
	

	1,000 yuan
	
	
	
	
	

	2,000 yuan
	
	
	
	
	

	5,000 yuan
	
	
	
	
	

	8,000 yuan
	
	
	
	
	

	10,000 yuan
	
	
	
	
	

	15,000 yuan
	
	
	
	
	


4  WTP Estimation with MBDC Data
The MBDC format of the WTP data, offering generally richer information with extended bid price choices and multiple response choices with various certainty levels, has been used in the past in a number of contingent valuation studies. Studies employing the MBDC data, such as Alberini et al. (2003), implement an extension of the Random Valuation Model proposed by Wang (1997); this model measures the value that an individual attaches to any amenity (including market traded goods) to be a random variable with an unspecified probability distribution (Shaikh et al., 2007). Following this logic, the data obtained from the MBDC format WTP question can be regarded as several observations of the distribution of individual WTP attached to the amenity discussed in the question. In this paper, we use an analytical strategy initially proposed in Wang and He (2011) to estimate individual valuation distributions for the cancer vaccine. 
Following the original assumption of Wang (1997), this new WTP estimation strategy suggests that individual i may not know the exact value of his WTP for mortality reduction, but he/she does have a sense of the range of values in which his/her WTP lies. If the proposed bid price is sufficiently lower (higher) than the value range, he/she will be relatively sure about his/her positive (negative) answer; however, when the bid price falls into the value range, he/she will be more uncertain about his/her choice. Therefore, we express individual i’s WTP, represented by Vi, as a random variable with a cumulative distribution function F(t). The mean value of Vi is (i, and its standard variance (i is the variance of the mean WTP. Thus, we can write the WTP model as, 


Vi = µi + (i,
(1)

where (i is a random term with a mean of zero. When given a price tij for the cancer vaccine, the probability that the person will say “yes” will be,


Pij = Prob(Vi > tij) =1F(tij).
(2)
Pij, the probability that individual i will agree on the bid price tij, can be obtained from respondent i’s answers given in the MBDC. These polynomial answers in our survey are in verbal probability terms varying from “definitely yes” to “definitely no,” and thus, we need to encode polynomial responses with numerical values varying between 0 and 1 to measure the probability that an individual will accept the bid.

After encoding, respondent-by-respondent, we can use his/her responses Pij given in the MBDC of tij to estimate his/her WTP mean by equation (2).  


Pij = 1–F(tij) + λi.
(3)

In this case we assume that the error term λi has a mean of 0 and a standard variance of ( 2. 
This general function can be made more precise with the following specific functional form of Fi(•), such as of a normal distribution, with a mean (i and a standard variance (i,
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then model (3) can be written as, 
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Our major purpose is to estimate (i and (i from function (4) for each respondent i. Subsequently, the estimated mean WTP and its variance with all respondents can be further used in a second step to study how their value can be affected or determined by personal, social, economic and health situations. 
We will use a two-stage approach to carry out our estimation. 
Stage 1: Estimate equation (4) for each individual i

Assume λi has a normal distribution. Then, 
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Therefore, we can use a log likelihood function to estimate equation (4):
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(5)

where ((.) is a standard normal distribution probability density function. This estimation is equivalent to a least square nonlinear estimation; (  has no influence on the estimation, as long as it is a normal distribution. With the log likelihood function (5), (i and (i can be directly estimated for each individual i from the MBDC data panel available for each respondent i. 
Stage 2: Analyze determinants of (i

Once (i is estimated for each individual, models can be constructed and estimated to analyze its determinants. One simple example is to have the following linear functional form:


(i = (0 + xi'( + e1,
 (6)

where xi is a vector including personal specific characteristics. ( is the vector of coefficients to be estimated; e1 is the random error that reflects the estimation residuals or white noise.

5  The Data
Table 1 reports our data-cleaning details. We have a total of 1,933 returned questionnaires. There are 594 respondents who did not provide positive answers (i.e., a “not sure,” “probably not” or “definitely not” answer were selected) at the price of zero, which may reflect that the respondents do not think they need this preventive medicine.
 Alternatively, 205 respondents did not provide negative answers (i.e., “definitely yes,” “probably yes” or “not sure” were selected) even at the highest bid price, 15,000 yuan, which means that the price range did not cover the entire WTP range, provided respondents answered the questions honestly.
 The WTP values of 838 respondents are within the stated price range. Two respondents have cancer, which makes the preventive medicine meaningless to them. A total of 135 respondents did not fully complete the questionnaire, and 146 respondents gave several unreasonable answers to the likelihood questions, such as choosing a higher acceptance probability for a higher bid price.
 The enumerators would have corrected those responses if it had been a traditional in-person interview. 
Table 1  Statistics of Survey Responses
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Category
	Definition
	Number of Respondents

	1
	Normal Demand: WTP value covered by the bid price range from 0 to 15,000 yuan
	838

	2
	No Demand—do not need the medicine even at price of zero
	594

	3
	Extremely High Demand—need the medicine even at the highest price of 15,000 yuan
	205

	4
	Missing values
	135

	5
	Disordered answers
	146

	6
	Age<16
	2

	7
	Cancer patients
	13

	8
	Total number of respondents
	1,933


Table 2 reports the descriptive statistics of the respondents in four categories: (1) the whole sample, (2) the 594 respondents who gave negative answers at the zero bid (no demand), (3) the 205 respondents who gave positive answers even at the highest bid (extremely high demand), and (4) the 838 persons whose WTPs are covered by the bid range (normal demand). The stars in the first three columns indicate the significant difference of the variable from the normal 
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demand subsample, which will be used in the following econometric analysis. The observations in the normal demand subsample have similar statistical characteristics with the entire sample. The only variable that seems to have a significant difference is the income uncertainty in the next 5 years.
  We observe statistically significant differences between the subsamples of no demand and extremely high demand with respect to the entire and normal demand samples. Most of the observed differences in the table are logical: those who have answered negatively at the zero bid generally have a lower income level, fewer cases of cancer observed in their families and relatives, and a lower degree of trust in or need for such a medicine. In contrast, the respondents reporting positive answers at the highest bid have a much higher income level, more frequent cases of cancer observed in their families and relatives, and a high degree of trust in or need for such a medicine. These findings are further supported by the Probit analyses reported in Table 3, where the probability for a respondent to report a negative answer at the zero bid and the probability for a respondent to report a positive answer even at the highest bid are modeled, with respect to the respondents in the normal demand subsample whose WTP is covered by the payment range. The statistically significant independent variables are family income (and future income uncertainty in the case of a negative answer at the zero bid), relatives diagnosed with cancer, and the two dimensions of peoples’ perception of the preventive medicine: trust and need. However, other socio-demographic variables, such as age, sex, profession, health habits and religion do not indicate significant differences.

The percentages of WTP responses for the entire sample (including all of the three subsamples) are presented in Table 4. Table 5 shows the percentage of respondents belonging to the normal demand subsample. As we can observe from Table 5, the percentage of “definitely yes” answers decrease rapidly from 70.29% at the price of zero to less than 0.2% at the price of 8,000 yuan. While the percentage of “definitely not” answers increase steadily with the price offered, from 0% at a price of zero to approximately 87.7% when the price is 15,000 yuan. In total, greater than 37% of responses give uncertain responses (“probably yes,” “not sure,” “probably not”) between the prices of 90 and 1,000 yuan. This result indicates that the respondents have relatively important uncertainty in their WTPs, which, to a certain degree, justifies the use of the MBDC format and reveals the existence of an individual WTP distribution.

Table 3  Determinants of Extreme Demands for the Medicine
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	Equation for No Demand (Probit: 1=no demand even at price of zero; 0= normal demand)
	Equation for Extremely High Demand (Probit: 1=yes at the highest price; 0=normal demand)

	Age
	–0.000
	–0.023

	
	(0.03)
	(1.59)(

	Male
	0.220
	0.068

	
	(1.32)
	(0.21)

	Worker
	–0.198
	0.285

	
	(1.47)
	(1.08)

	Married
	0.367
	–0.149

	
	(1.79)*
	(0.40)

	Smoking
	0.075
	–0.275

	
	(0.49)
	(0.91)

	Income
	–0.171
	1.898

	
	(1.67) *
	(6.70) ***

	Education
	0.066
	0.207

	
	(0.23)
	(0.27)

	Rcancer
	–0.413
	0.521

	
	(1.50)(
	(1.57)(

	Yuncertain
	0.485
	–0.173

	
	(2.93) ***
	(0.37)

	Health check
	0.058
	–0.068

	
	(0.41)
	(0.26)

	Religion
	0.278
	0.208

	
	(1.24)
	(0.48)

	Trust
	–0.386
	0.613

	
	(3.41) ***
	(2.47) **

	Need
	–0.423
	0.082

	
	(4.55) ***
	(0.51)

	Tianjin
	1.353
	–0.714

	
	(6.54) ***
	(2.43) **

	Guizhou
	1.370
	–1.713

	
	(6.50) ***
	(3.79) ***

	Constant
	0.394
	–20.948

	
	(0.37)
	(7.01) ***

	Observations
	1380
	913


Note: Absolute value of z statistics in parentheses: (significant at 15%, * significant at 10%, ** significant at 5%; *** significant at 1%.

Table 4  Statistics of WTP Responses: Percentage of the Whole Sample
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Price
	Definitely not
	Probably not
	Not sure
	Probably yes
	Definitely yes
	Total

	0
	26.1
	4.8
	5.4
	18.5
	45.2
	100

	10
	29.3
	5.6
	5.7
	23.2
	36.2
	100

	20
	31.6
	5.7
	6.4
	21.8
	34.5
	100

	40
	33.3
	6.1
	8.1
	21.6
	30.9
	100

	60
	35.6
	7.2
	9.1
	21.2
	26.9
	100

	90
	37.8
	8.6
	9.9
	20.1
	23.7
	100

	150
	41.7
	10.3
	12.0
	16.8
	19.2
	100

	200
	44.7
	11.5
	12.4
	14.1
	17.3
	100

	300
	48.0
	12.5
	12.2
	11.7
	15.6
	100

	500
	52.0
	13.2
	11.2
	10.6
	13.0
	100

	1,000
	59.9
	12.0
	10.0
	8.3
	9.8
	100

	2,000
	64.7
	12.0
	9.5
	6.8
	7.0
	100

	5,000
	6.9
	12.0
	8.6
	5.4
	5.0
	100

	8,000
	72.3
	11.3
	7.5
	4.7
	4.3
	100

	10,000
	75.3
	9.8
	7.3
	3.6
	4.0
	100

	15,000
	76.2
	9.2
	7.0
	3.6
	3.9
	100

	Total
	49.8
	9.5
	8.9
	13.2
	18.5
	100


Table 5  Statistics of WTP Responses with Normal Demand: Percentage
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	Definitely not
	Probably not
	Not sure
	Probably yes
	Definitely yes
	Total

	0
	0.0
	0.0
	0.0
	29.7
	70.3
	100

	10
	4.9
	1.3
	1.7
	38.2
	53.9
	100

	20
	8.5
	1.8
	3.5
	35.4
	50.8
	100

	40
	11.0
	3.2
	6.7
	34.7
	44.4
	100

	60
	14.3
	5.8
	9.1
	33.2
	37.6
	100

	90
	18.3
	8.4
	10.6
	31.3
	31.5
	100

	150
	24.5
	11.9
	15.2
	25.4
	23.0
	100

	200
	30.0
	14.4
	15.9
	20.3
	19.5
	100

	300
	35.4
	16.9
	15.3
	16.1
	16.2
	100

	500
	42.7
	18.9
	13.1
	13.5
	11.8
	100

	1,000
	56.9
	17.3
	10.0
	8.5
	7.3
	100

	2,000
	66.0
	17.3
	8.5
	5.1
	3.1
	100

	5,000
	74.1
	17.3
	5.5
	2.3
	0.8
	100

	8,000
	80.2
	16.2
	2.3
	1.1
	0.2
	100

	10,000
	85.9
	13.5
	0.5
	0.1
	0.0
	100

	15,000
	87.7
	12.3
	0.0
	0.0
	0.0
	100

	Total
	40.0
	11.0
	7.4
	18.4
	23.2
	100


6  WTP for Cancer Vaccine
To estimate the mean WTP, 
[image: image7.wmf],
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 for each of the 838 respondents whose WTP
distribution is covered by the MBDC price range, we conduct maximum likelihood estimations with normal distribution functions as indicated in equation (4). All redundant answers at the two ends of the payment card are deleted, for example, the “definitely yes” answers for prices below the highest price where a “definitely yes” answer is given and the “definitely not” answers for prices above the lowest price where a “definitely not” answer is given. As a result, each respondent has between 2 and 11 answers for the maximum likelihood estimation. 
The benchmark encoding strategy for the verbal likelihood data is to use 0.999 for “definitely yes,” 0.75 for “probably yes,” 0.50 for “not sure,” 0.25 for “probably not,” and 0.001 for “definitely not.”
 Wang and He (2011) used other encoding strategies and found that the estimation results were relatively stable if a symmetrical encoding strategy was used. The same conclusion was drawn in Evans et al. (2004). In the following discussions, only the results based on the benchmark encoding strategy will be presented.  

The distributions of the estimated mean value of an individual WTP, μi, are given in Table 6. The mean WTPs vary from 0.27 to 11,872.18 yuan, with a sample mean of 759 yuan (or, 5.6% of sample average household annual income) and a median value of 172 yuan. These numbers are comparable with those found in Milligan (2010), which reported an annual WTP of US$1,933 in the US (2002 dollars), equal to 3.7% of annual household income. 
The estimated WTP means, (i, can be further analyzed with a simple, robust OLS regression, as indicated in equation (5), to observe how the demographic, economic, social and health characteristics of a person can affect his/her WTP. The estimation results are reported in Table 7. The regression gives reasonable results for almost all of the variables. In general, respondents with a higher household income, better education, relatives who have been diagnosed with cancer, less future income uncertainty and regular health check-ups, have higher WTP values. The WTP is also positively correlated with the degree of trust in and subjective judgment of the necessity of the medicine. The income elasticity of WTP is found to be approximately 0.42, which is slightly lower than the estimate provided by Viscusi and Aldy (2003), which is approximately 0.5 and 0.6 for the U.S. studies.
Table 6  Distribution of the Estimated Individual Mean WTP with Normal Demand
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Variable
	Obs.
	Percentile
	Centile
	[95% Conf.
	Interval]

	WTP
	835
	0
	0.269
	0.269
	0.269

	
	
	10
	11.326
	6.776
	15.400

	
	
	20
	39.322
	31.794
	46.897

	
	
	30
	69.673
	60.000
	84.881

	
	
	40
	120.869
	97.512
	130.716

	Mean
	758.8
	50
	171.544
	150.103
	200.253

	Stand. Err.
	1,586.1
	60
	255.959
	221.416
	312.481

	
	
	70
	468.126
	398.388
	549.162

	
	
	80
	879.748
	746.574
	1,147.648

	
	
	90
	2,108.107
	1,793.560
	2,488.585

	
	
	100
	11,872.180
	11,872.180
	11,872.18


Considering the cancer incidence rate to be highly related to age, in other versions of WTP estimation functions that we have tried, the continuous age variables are included, but we have not been able to find significant coefficients. This lack of significance with age variables may be because the correlation between age and WTP is not a simple, linear relationship. The estimation results reported in Table 7 are based on the estimation function in which the age-, sex- and region-combined dummy variables are included. As illustrated, the obtained coefficients for these combined dummies reveal several significantly different attitudes of respondents towards the cancer vaccine according to their age, gender and geographical location. For example, in Jiangsu, males below 65 years of age are willing to pay more than older males; in general, the males in this province are willing to pay more than females. The opposite situation is found in Tianjin and Guizhou, where older females are willing to pay more than older males and younger people. In summary, males younger than 65 years old in Jiangsu are willing to pay more; males over 65 years of age in Jiangsu and females over 65 years of age in Tianjin and Guizhou are willing to pay the most; and males over 65 years of age in Tianjin and females over 65 years of age in Jiangsu are willing to pay the least. These findings seem to be in agreement with the average cancer incidence rates of the same period reported by the 
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Table 7  Determinants of WTP with Normal Demand (Robust Regression on Log (estimated individual mean WTP) )

	Variable
	Coefficients

	Worker
	–0.094

	
	(0.66)

	Married
	–0.011

	
	(0.06)

	Smoking
	–0.190

	
	(1.26)

	Log(income)
	0.418

	
	(3.99)***

	Education
	0.621

	
	(2.26)**

	Rcancer
	0.355

	
	(1.42)

	Yuncertain
	–0.385

	
	(1.71)*

	Health check
	0.292

	
	(2.02)**

	Religion
	0.023

	
	(0.10)

	Trust
	0.339

	
	(2.38)**

	Need
	0.187

	
	(2.05)**

	Region-, age- and sex- specific dummiesa
	Tianjin
	Guizhou
	Jiangsu

	age15_44_male
	–0.007
	Reference
	0.886

	
	(0.03)
	--
	(3.98)**

	age45_55_male
	0.464
	–0.087
	0.686

	
	(1.71)
	(0.18)
	(2.39)**

	age55_65_male
	–0.294
	0.123
	0.045

	
	(0.54)
	(0.14)
	(0.07)

	age65plus_male
	–1.774
	No Obs.
	1.830

	
	(2.10)**
	--
	(2.06)**

	age15_44_female
	–0.205
	0.119
	0.158

	
	(0.77)
	(0.47)
	(0.42)

	age45_55_female
	0.085
	No Obs.
	0.264

	
	(0.17)
	--
	(0.32)

	age55plus_female
	1.578
	2.296
	–0.666

	
	(2.64)***
	(3.10)***
	(2.23)**

	Constant
	–0.688

	
	(0.69)

	Observations
	816

	R-squared
	0.12


Note: Robust t statistics in parentheses, * significant at 10%, ** significant at 5%; *** significant at 1%. a the three columns of coefficients belong to the same estimation. To save space, we present them according to province in three parallel columns.

International Agency for Research on Cancer and the World Health Organization (IARC CancerBase, c.f. Table A1), where we observe relatively high cancer incidence rates for older females in Tianjin and younger males in Jiangsu, and relatively low cancer incidence rates for older males and females in Jiangsu.

We find that this consistency between the coefficients of age-, sex- and region-combined dummies and the age-, sex- and region-specific cancer incidence rates, although not perfect, can be interpreted as evidence that the respondents of our survey based their WTP valuation for the cancer vaccine on their general perception about the cancer incidence that corresponds to their age, sex and region. Although we admit that such statistics may not always be accessible to the respondents, it is reasonable to infer that the respondents are, in general, able to perceive the difference in cancer incidence rate in their region according to their corresponding age and gender. 

7  From WTP for Cancer Vaccine to VSL
In the existing literature, the linkage between a WTP for fatal risk reduction and VSL can be constructed from a life-cycle consumption model with an uncertain lifetime (Yaari, 1965; Sherpard and Zeckhauser, 1982; Cropper and Sussman, 1990). In such a model, a person at age j receives an expected utility of Vj over the remainder of his lifetime, which is a maximized objective function subject to the person’s initial wealth and his/her borrowing and lending opportunities. We can use the life-cycle model to determine the maximal quantity of initial wealth dWj that an individual would surrender to reduce Dj, which is the probability that he/she dies during the current period. The rate of substitution between Dj and Wj, which keeps the expected utility Vj constant, corresponds to the VSL for a person of age j, VSLj,

VSLj= (∂Vj / ∂Dj)/( ∂Vj / ∂Wj) = dWj / dDj,
 (7)

where dWj represents the quantity that an individual is willing to pay for the reduction in Dj. Obviously, VSL is the marginal value of a risk change, as defined in equation (7). 

In most contingent valuation studies of VSL, individuals (of the same age range and gender) are typically presented with a small risk reduction (∆D), and a mean WTP for this small risk reduction can later be elicited. If the proposed risk reduction is small, the VSLj, as defined in equation (7), can be roughly equal to the average WTP of the risk reduction (Albrini et al., 2004), specifically,  


VSLj = WTPj / ∆Dj.
(8)
Based on equation (8), we calculate the average value of cancer risk reduction, where we use the sample mean mortality/morbidity rate to divide the sample mean of the WTP for the cancer vaccine. The results are reported in Table 8. Here, we present the average values of different age and gender groups. The morbidity-based values are calculated from the province-specific cancer incidence rates and the mortality-based values are calculated from the national average cancer mortality rates
. The morbidity-based value can be considered to be a lower bound of the VSL and the mortality-based value to be an upper bound. The cancer morbidity risk is always higher than the cancer mortality rate: developing cancer does not necessarily lead to death; however, not developing cancer does ensure that the individual will not die of cancer. The morbidity-based value is in fact the value of cancer, which should be lower than the value of life. The WTP divided by the expected cancer mortality includes not only the WTP for avoiding death resulting from cancer but also the WTP for avoiding suffering and medical expenditures that may result from cancer. Therefore, this value should be higher than the value of life. However, the VSL estimated within the lower and upper bounds should also depend on the characteristics of each person. The mean value of the morbidity-based average values of cancer risk reduction is estimated to be 0.481 million yuan, while the median is 0.109 million yuan for the group of respondents with a normal demand for the cancer vaccine. The mean value of the mortality-based average values of cancer risk reduction is 0.814 million yuan and the median is 0.39 million yuan (=171/9.32*10000).

Table 8 presents the subsample means of the average values of risk reduction by age and gender. In general, females have higher average values of risk reduction than males. With both males and females, the average value of risk reduction decreases rapidly with age. Similar results can also be found in previous studies, such as Alberini et al. (2004) and Alberini and Chiabai (2007).

Table 8  Average WTP for Risk Reduction by Age and Gender (yuan)
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Sample
	Size
	Sample Mean

WTP
	Sample Mean morbidity risk reduction
	Sample Mean mortality risk reduction
	Morbidity valuea
	Mortality valueb

	Male
	584
	803
	18.797
	11.609
	426,988
	691,356

	16–44
	421
	820
	8.050
	3.260
	1,018,745
	2,515,616

	45–54
	118
	859
	36.417
	23.490
	235,819
	365,598

	55–64
	36
	487
	58.795
	48.970
	82,868
	99,493

	65+
	9
	509
	130.478
	96.937
	38,991
	52,483

	Female
	251
	657
	8.707
	3.992
	754,672
	1,645,894

	16–44
	214
	621
	5.743
	2.000
	1,080,776
	3,103,709

	45–54
	31
	770
	21.643
	13.190
	355,718
	583,678

	55+
	6
	1370
	47.560
	27.525
	288,074
	497,754

	Total
	835
	759
	15.764
	9.319
	481,394
	814,272


Note: a Morbidity value is calculated by dividing the sample mean WTP value by the mean value of morbidity risk reduction of the corresponding subsample. b Mortality value is calculated by dividing the sample mean WTP value by the mean value of mortality risk reduction of the corresponding subsample.

8  Relationship between WTP and Risk Reduction
The estimated WTP can be further analyzed by its correlation with the promised and expected risk reduction. This relationship has been studied in previous studies, most of which found that WTP did not follow a linear relationship with risk reduction. Krupnick et al. (2002) and Alberini et al. (2004) studied the WTP in the USA and Canada, Alberini and Chiabai (2007) studied the WTP in Italy, and they all found that the WTP did not linearly increase with an increase in risk reduction. Similar findings are also reported in Muller and Reutzel (1984), Vassanadumrongdee and Matsuoka (2005), Hultkrantz et al. (2006), Corso et al. (2001), Andersson and Svensson (2008), Bhattacharya et al. (2007), where the WTP increases less than proportionally with the size of the risk reduction. Hammit and Graham (1999) provided a synthetic analysis for the 19 CV studies published before 1995 that employed more than one level of risk reduction in the surveys. They found that, although many studies did find an increasing trend of WTP with risk reduction, none of the 19 studies indicated the proportionality between WTP and the proposed risk reduction. Persson et al. (2001) elicited WTP information for risk reductions of 10, 30, 50 or 99 percent of mortality risk for one year and provided a graphical relationship between WTP and absolute mortality risk reduction. They found that WTP increased with the level of risk reduction, but the rate of increase was decreasing. 

In this study, a direct correlation analysis between WTP and risk reduction (RR) that can be realized by the hypothetical cancer vaccine can be conducted. Several modeling strategies are tried, and presented in Table 9 is the result of a log-log function.
 The result in the first column is the relationship of the WTP with the cancer morbidity rate, and the result in the second column is the relationship of the WTP with the cancer mortality rate. The cancer morbidity data are region-, sex- and age-specific, but the cancer mortality data are available only at the national level for age and gender.
,

Both analyses give consistent results. The log-log model reveals a similar correlation as those found in previous studies: WTP increases with the level of risk reduction, but the rate of increase is decreasing. The WTP seems to increase rapidly when the cancer incidence rate is relatively small. When facing a relatively higher incidence rate, the speed of increase of the WTP decelerates. A more statistically significant relationship is found between WTP and cancer incidence, which is reasonable because the valuation scenario is a hypothetical cancer vaccine. The less significant correlation between WTP and mortality rate may also be explained by the fact that the mortality rates used in the estimation are the national averages, which may differ from the regional specific averages. For the other socio-demographic and economic determinants, we observe a relatively good stability of their coefficients in the two estimated models compared to the results reported in Table 8.
Table 9  Correlation between WTP and Expected Risk Reduction (log-log function, regression on log(individual mean WTP))
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	Morbidity
	Mortality

	Ln(riskreduction)
	0.120
	0.080

	
	(1.69)*
	(1.07)

	Worker
	–0.037
	–0.046

	
	(0.27)
	(0.33)

	Smoking
	–0.018
	0.007

	
	(0.13)
	(0.05)

	Fincome
	0.310
	0.304

	
	(3.00)***
	(2.93)***

	Education
	0.664
	0.639

	
	(2.37)**
	(2.26)**

	Rcancer
	0.573
	0.571

	
	(2.33)**
	(2.33)**

	Uncertainty
	–0.460
	–0.463

	
	(2.06)**
	(2.07)**

	Health check
	0.212
	0.210

	
	(1.51)
	(1.49)

	Religion
	0.054
	0.059

	
	(0.22)
	(0.23)

	Trust
	0.410
	0.420

	
	(2.89)***
	(2.96)***

	Constant
	0.403
	0.594

	
	(0.41)
	(0.61)

	Observations
	833
	833

	R-squared
	0.06
	0.06


Note: Robust t statistics in parentheses, * significant at 10%, ** significant at 5%, and *** significant at 1%.

9  Discussion and Conclusion
In this paper, we present a study on health risk valuation that uses data on cancer risk observed in China and WTP information for cancer risk prevention that was collected in a contingent valuation study conducted in three rural areas of China in 2000. The cancer risk information is age-, sex- and region-specific, which can be mapped with the respondents’ characteristics to produce an estimate of cancer risk for each of the respondents. The WTP for cancer risk reduction is elicited with the MBDC format CV questions constructed about a hypothetical cancer vaccine that can prevent a person from developing cancer for one year.
The mean WTP for the hypothetical cancer vaccine is estimated to be 759 yuan/year, with a median value of 171 yuan/year. VSL can be estimated by dividing the mean WTP value of the cancer vaccine by the corresponding cancer morbidity and mortality rate. The lower bound of VSL is estimated to be 481,398 yuan (US$58,210) and the upper bound to be 814,272 yuan (US$98,461). 
Compared to the existing CV studies on VSL in China, the results found in our study are slightly higher. Wang and Mullahy (2006) reported the median WTP for saving a statistical life to be $34,458 and the estimations in Hammitt and Zhou (2006) showed the sample-average median value per statistical life ranged between 33,080 yuan and 140,590 yuan (US$4000 to US$17,000). In this study, the VSL for a representative Chinese person is between 481,398 yuan (US$58,210, according to the official exchange rate, or US$160,465 according to the PPP) and 814,272 yuan (US$98,461 or US$271,424, respectively).
 However, these figures are similar to certain estimates based on the hedonic price approach applied in China, such as Poder (2006), in which he suggested that the VSL for the Chinese population was less than half a million US dollars. The lower bound of our estimation is also comparable with the numbers suggested by Bhattacharya et al. (2007), where US$150,000 (PPP) was found for the VSL of the Indian population.
The estimates provided above are only from the portion in the sample where people have a normal demand for the cancer vaccine. The WTP responses collected with the MBDC format do offer a significant quantity of outliers that cannot be reasonably modeled. Those with extremely high demands and those with no demand of the vaccine are excluded in the final estimation. Those outliers can significantly affect the final results and may not be able to be avoided in a future study of this type, especially for those respondents with no demand for the cancer vaccine. This shortcoming is similar to the hedonic wage approach, which does not apply to those who are not in the studied labor market. However, the potential biases resulting from the exclusion of the two types of people from the final estimation may not be very serious in this particular study, as the WTP model projection with the entire sample does not provide a sensible difference from the portion of the sample with normal demands for the proposed cancer vaccine.
The survey was conducted in the year 2000, and the VSL should have changed significantly as the income of Chinese families has significantly changed. The WTP models obtained in this study can be used to adjust the estimates. The survey was conducted in three areas of China that have a wide range of economic and geographical coverage. However, the sample area only covered rural areas and small towns; large cities are not included. If one believes that people in China’s urban areas value human life higher, the estimates presented above would be biased downward. This is another reason why the estimates presented in this paper should be considered as conservative ones.

One unique design of this risk valuation study is that people are asked to value a cancer vaccine, instead of a specific number of risk reductions. We used this design because of the general criticism about the difficulties in understanding and evaluating the small numerical risk reduction faced by respondents. This design, while being more realistic and plausible to the respondents as it offers a reasonable market choice, may run the risk of the respondents’ insensibility to the underlying numeric cancer risk change applicable to their age- and sex- and region-specific cohort; i.e., the benefit of a good being valued might not have been well understood quantitatively. However, the modeling results of the WTP with respect to the estimated cancer risk reduction indicate that this might not be a serious problem, as the differences and variations in people’s WTP between age, gender and region are relatively coherent to the differences in the age-, gender- and region-specific cancer morbidity rate statistics. The correlation between WTP and risk reduction captured by the subsequent analyses also has a relatively high statistical significance.
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Appendix: Cancer Incidence and Mortality Statistics
There are two databases related to cancer for the Chinese population. The first is the mortality incidence rate, which is calculated directly from the detailed Cancer Incidence collected by population-based cancer registries from 19931997 in representative cities in Chinese provinces. This database is available from the website of the International Agency for Research on Cancer (IARC, http://www-dep.iarc.fr/) and a more detailed introduction can be found in Parkins et al. (2005). With the age range classifications divided into sets of 5 years, this database offers very detailed cancer incidence rates for both the male and female population from 0-4 years old to more than 85 years old. However, in this database, there are only data from the representative county or city for Jiangsu and for Tianjin province, but no data for Guizhou province, which is located in a more remote inland region.

The second database provides the cancer mortality data directly (Yang et al., 2004). Yang et al. (2004) estimated the age-specific cancer mortality risk at the national average level from the available data of China’s ongoing surveillance systems of the Center for Health Information and Statistics in China, covering approximately 10% of the national population. This database has a less detailed age classification (15–44, 45–54, 55–64, 65–74, 75+), compared to the IARC database.
Tables A1 and A2 list the details of these two databases used in the paper. In general, both the cancer incidence rate and the cancer mortality rate increase with age. The male population generally suffers both higher cancer incidence and higher cancer mortality risk than women of the same age. Comparing the cancer incidence rates between Tianjin and Jiangsu, we can observe that the cancer mortality rate varies largely between people in different geographical locations. For example, females living in Tianjin have a significantly higher cancer incidence than their cohorts living in Jiangsu or other places in China, and this finding is true for almost all age ranges. For the male population, the comparison between provinces is dependent on age. The male population in Tianjin, between ages 25 and 64, has a lower cancer incidence rate, in general, than those living in Jiangsu. However, once the age range increases to greater than 65 years of age,
Table A1  Cancer Incidence Rate (per 10,000 a year, average of 1993–1997)

	[image: image19.wmf] 

 

Age range
	National average
	Jiangsu
	Tianjin

	
	Male
	Female
	Male
	Female
	Male
	Female

	TOTAL
	24.78
	19.38
	25.69
	13.54
	24.52
	20.49

	0_4
	1.28
	0.90
	0.62
	0.20
	1.41
	1.18

	5_9
	0.97
	0.78
	0.88
	0.56
	1.01
	1.14

	10_14
	1.06
	0.79
	0.76
	0.53
	1.29
	0.63

	15_19
	1.11
	0.84
	0.77
	0.55
	1.34
	0.76

	20_24
	1.33
	1.59
	1.15
	0.83
	1.29
	1.88

	25_29
	2.03
	2.47
	2.92
	1.55
	1.62
	2.80

	30_34
	3.67
	4.68
	8.23
	3.98
	2.84
	4.81

	35_39
	7.11
	8.65
	18.64
	7.96
	5.03
	7.19

	40_44
	12.93
	13.14
	31.65
	16.42
	11.09
	11.03

	45_49
	19.57
	19.10
	45.55
	22.13
	19.92
	17.71

	50_54
	28.94
	24.62
	43.69
	23.39
	31.68
	26.58

	55_59
	40.84
	34.88
	59.83
	27.73
	40.44
	44.30

	60_64
	75.68
	53.77
	93.69
	39.65
	76.38
	64.52

	65_69
	112.53
	69.40
	114.45
	48.66
	123.23
	80.11

	70_74
	151.01
	89.10
	134.68
	55.79
	178.94
	98.49

	75_79
	164.10
	97.63
	149.87
	72.04
	183.12
	107.65

	80_84
	153.46
	92.79
	102.43
	40.19
	182.95
	99.55

	85
	106.89
	79.35
	--
	--
	130.89
	78.41


Data source : (1) Data for Tianjin and Jiangsu come from Parkin, D. M., S. L. Whelan, J. Ferlay and H. Storm (2005). Cancer Incidence in Five Continents, Volumes I to VIII. International Agency for Research on Cancer and the World Health Organization. IARC CancerBase No 7, Lyon, 2005. Website : http://www-dep.iarc.fr/. (2) Data for national average are calculated by authors according to the IRAC database.
Table A2  National Average Cancer Mortality Rate1 (per 10,000 persons)

	Age range
	1991
	19952
	2000

	
	Male
	Female
	Male
	Female
	Male
	Female

	15–44
	3.12
	2.00
	3.26
	2.00
	3.29
	2.13

	45–54
	22.32
	12.62
	23.49
	13.19
	24.3
	14.14

	55–64
	56.23
	28.33
	48.97
	25.41
	47.7
	26.30

	65–74
	104.27
	53.10
	93.18
	38.10
	104.89
	51.58

	75+
	128.24
	67.84
	126.99
	67.29
	135.39
	67.39


Note: (1) 1The data for 1991 and 2000 come from Yang, L., D. M. Parkin, L. D. Li, Y. D. Chen and F. Bray (2004): Estimation and projection of the national profile of cancer mortality in China: 1991–2005, British Journal of Cancer, 90: 2157–2166.2 The data for the year 1995 are projected by the authors. We suppose a linear growth for both the cancer incidence and population between 1991 and 2000. (2) This data set is also used in mortality rate estimations reported in Table 7.
Table A3  Province-Specific Cancer Incidence Rate Used in Estimation (per 10,000 persons)

	Age range
	National average
	Jiangsu
	Tianjin

	
	Male
	Female
	Male
	Female
	Male
	Female

	15_44
	5.20
	6.09
	10.484
	4.995
	4.205
	5.210

	45_55
	23.55
	21.39
	44.730
	22.668
	24.800
	21.446

	55_65
	58.13
	44.45
	75.832
	33.466
	58.331
	54.173

	65_75
	128.46
	77.78
	122.593
	51.193
	145.114
	85.854

	75+
	151.92
	93.35
	116.020
	51.852
	174.414
	97.546


Note: Data are calculated directly by the authors from the IRAC database f with a less precise age-classification.

males in Tianjin seem to suffer a higher mortality rate than those in Jiangsu. These results remind us of the necessity to use region-, sex- and age-specific mortality risk levels in VSL studies.
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� A detailed introduction of the various approaches to categorising the loss of direct income can be found in The World Bank (1998).


� European Commission DG Environment (2005).


� The major intention is to minimize potential interviewer bias. The interviewers read an identical copy of the questionnaire to the respondents, but cannot directly work on the questionnaire, and the respondents do not need to speak out their answers to the interviewers. However, similar to a postal-mail survey, the final quality of the completed questionnaire cannot be controlled by the enumerators. 


� Some MBDC format WTP questions used in previous studies, such as Wang and Whittington (2005), have used numerical probability varying between 0%–100%.


� If the probability answer is on the negative side, the mean ((i) individual WTP estimated by our maximum likelihood estimation model based on a normal distribution will be a negative value, which indicates the non-necessity of the medicine to the respondent.


� Almost all members of the focus group and pre-tests considered 15,000 yuan to be more than the highest possible WTP for a medicine preventing cancer for one year. But apparently, a few individuals may have very high WTP for such a medicine if honest answers were provided.  


� Choosing a higher acceptance probability for a higher bid price may make sense if respondents believe that a higher price indicates a higher quality product.


� The values of 1 and 0 cannot be used for the answers of “definitively yes” and “definitely not” because a normal distribution function is assumed. 


� Both detailed statistical data about cancer incidence rates and cancer mortality rates that are used in the marginal value of risk reduction calculation can be found in the appendix. Please refer to Tables A1 and A2. 


� The results here are only for those respondents with a normal demand for the cancer vaccine whose WTP is covered by the payment card. Those who do not need a vaccine as described in the survey cannot be included in the analyses, which is a shortcoming of our calculations here and is similar to the hedonic wage studies that cannot include those people who are not involved in the labor market studied. Those respondents with extremely high demands for the vaccine, whose WTP values should be higher than 15,000 yuan, are not included in the estimation either. Therefore, the estimates obtained here are conservative ones.


� We would like to underline that the perceptions about the risks of developing cancer and/or dying behind the respondents’ WTP are unknown for us. Therefore it is not possible to calculate an individual level value of life. However, by following the principal of Value of Statistical Life (VSL), it is still possible for our sample mean WTP for the cancer vaccine (for specific group of age, gender and province) to be used in inferring the sample average VSL by dividing the subsample mean WTP over the subsample mean of real mortality/morbidity statistics. Certainly such a calculation should be based on the assumption that our sample of respondents is statistically representative of the total population in related age, gender and regional groups. We assume this aspect has been (at least partially) taken care of by our pre-survey sample frame selection and sampling design.


� The log-log function is also used in Alberini and Chiabai (2007) and in Bhattacharya et al. (2007).


� The national-level cancer morbidity data are used for the respondents in Guizhou as the data for Guizhou are not available.


� Obviously, we will not include age, gender and region in the multiplicative terms because the risk reduction level promised by the vaccine is determined for each person based on these three factors.  


� In 2000 dollars, the exchange rate 1USD = 8.27 yuan. The exchange rate according to PPP was 1USD = 3 yuan.


� In the database provided by the IARC, the county chosen for Jiangsu province is Qidong and the county chosen for Tianjin is a district of Tianjin. 
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