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Abstract

We report several contingent valuation surveys to elicit willingness-to-pay for risk
reductions associated with decreases in exposure to a chemical, PCBs, in the
environment. We also develop Quality Adjusted Life Years (QALYSs) from the survey
using either standard gamble or time-tradeoff elicitation methods to explore the
relationship between QALY and willingness to pay (WTP), and to develop QALY
weights for subtle developmental effects. The results of the contingent valuation are
designed for incorporation into an integrated risk model to demonstrate the economic
impact of risk reductions. Respondents showed a positive and proportional relationship
between decreasing the risk of a 6-point reduction in 1Q and WTP. Socioeconomic
variables were not statistically significant predictors of WTP, while behavioral variables
were strongly predictive and statistically significant. The range of mortality risks that
respondents would accept on behalf of their (hypothetical) 10-year-old child is 2 in
10,000 to 9 in 1,000 per 1Q point, and WTP per 1Q point is $466 (95% confidence
interval = $380, $520). QALY weights elicited via time tradeoff (reduction in life
expectancy) were statistically significantly different from QALY weights elicited via a
standard gamble. Respondents who answered questions about ecological endpoints first
were willing to pay a small additional amount when asked about human health effects,
but those respondents who answered questions about human health endpoints first were
not willing to pay any additional amount when subsequently asked about ecological
effects. WTP models demonstrate the importance of obtaining behavioral and cognitive

information from respondents when eliciting WTP and in tests of sensitivity to scope.



1. Introduction

Potential health effects resulting from exposure to environmental chemicals can
range from severe terminal illnesses such as cancer to milder, systemic illnesses. One
category of effects that is receiving increased attention includes developmental and
reproductive effects, such as reduced fertility, low birth weight, genetic defects, and
cognitive deficits. The policy implications of these exposures have yet to be realized, in
part because the relationship between exposure and effects is not well quantified, and in
part because there is a dearth of data and information with which to quantify the benefits
of risk reductions associated with exposure to chemicals that exert these kinds of effects.
One such chemical, polychlorinated biphenyls or PCBs, contribute to the existence of fish
consumption advisories in virtually every state, indicating that this exposure has
important implications for public health. Other contaminants, such as mercury and lead,
also pose developmental risks.

Cannon et al. (1996) conducted a scoping study to evaluate the literature and data
available with which to quantify the value society places on avoiding potential effects
from in utero exposures to chemicals. Their primary finding was that there are very few
existing studies with which to quantify the monetary (or other valuation metric) of these
effects. Cost of illness techniques can be used to quantify the impacts of some birth
defects, but these would be restricted to fairly severe outcomes requiring ongoing
treatment and attention. For other, more subtle effects, such as mild cognitive deficits,
cost of illness and other related techniques are inadequate for capturing the range of costs
and for estimating welfare measures. In addition, the authors acknowledge that existing
cost of illness analyses related to the costs associated specifically with low birth weight (a

very nonspecific effect in terms of the relationship between exposure and outcome) do



not reflect the total costs associated with the occurrence of these endpoints (Cannon et
al., 1996).

Stated preference methods have been used frequently for the evaluation of risk
reductions related to mortality (Hammitt and Liu, 2004; Hammitt and Graham, 1999) to
obtain estimates of the value of a statistical life (Alberini, 2005), and increasingly also to
value morbidity endpoints (Dickie and Gerking, 2002; Van Houtven et al., 2003, 2004;
Krupnick, 2004). Fewer studies have evaluated potential morbidity effects for risks and
exposures to children, which generally must be evaluated by parents (Dockins et al.,
2002). While imperfect, these methods provide policy makers with information on how
the general public might trade-off income against reductions in the risk of specific health
effects. The results of the surveys presented here contribute to the growing literature on

the relationship between WTP and reductions in risk of mild developmental delays.

2. Survey Design and Development

The surveys were designed over a one-year period and involved several informal
pilot surveys, focus groups, and a pretest. From the onset, the surveys were designed to
be administered over the Internet using a professional survey firm, Knowledge Networks.
The research goal was to evaluate whether a CV might provide a feasible method for
obtaining economic values for endpoints consistent with how they are expressed in a
typical risk assessment framework (drawing from the experience of the lead author at an
actual Superfund site) and explore how people respond to questions regarding potential
effects to children and wildlife as a result of exposure to a specific chemical in the
environment. To that end, there were numerous open-ended questions for which

respondents were invited to provide comments as they progressed through the surveys.



These open-ended responses provide important insights into respondent motivations and
thinking short of actually sitting with the respondent.

The primary objective of the surveys was to elicit an approximation of the
monetized loss in utility consistent with economic theory experienced by respondents
resulting from potential effects associated with exposure to PCBs. Another objective of
the surveys was to measure WTP for risk reductions, consistent with the results that risk
assessments generate. The surveys were designed so that members of the general public
could follow and understand the issues, and the surveys asked various questions
throughout to gauge what respondents already knew (or thought they knew) concerning
chemicals in the environment and how they felt, in a general sense, about exposure to
chemicals (e.g., whether they thought it was a serious issue, or even feasible that the
kinds of effects described in the survey could really occur). The surveys are based on a
generic, non-specific site (although there are numerous actual PCB-contaminated
freshwater systems across the United States and it is likely that there is at least one
system in the general area in which the respondent lives); nonetheless, the surveys were
designed to be plausible and the payment vehicle realistic and believable.

Respondents to the survey are first told that government officials in their State are
responsible for allocating resources and are interested in individual opinions to inform
potential policies. The first question asks respondents to rate the importance of several
issues, including reducing crime, cleaning up the environment, improving education,
reducing taxes, protecting State waterways, improving library services, reducing air
pollution, and providing additional security at public events. The second question asks

respondents to consider whether current State budget allocations should be reduced or



increased, keeping in mind that overall expenditures cannot be increased without an
increase in revenue. Respondents are reminded that State policy makers are responsible
for allocating resources, and that people may feel differently about these allocations
depending on their own beliefs and knowledge. Respondents are informed that State
policy makers are interested in learning how taxpayers feel about specific issues.

The survey then proceeds to set up the specific valuation question, which involves
the potential effects of a specific chemical (PCBs — we ask “have you ever heard of
PCBs?”) in a large, unnamed freshwater system in the state in which the respondent
resides. This system is contaminated, and the company or companies ostensibly
responsible went out of business some years ago. Therefore, the State is contemplating
setting up a special “cleanup” fund to be funded through a one-time increase in the State
income tax.

We chose a payment vehicle that calls for a one-time increase in the State income
tax, to be kept in a fund earmarked for a cleanup remedy for the (unnamed) freshwater
system. The question states that the risk will decrease if the cleanup is conducted if the
income tax is raised by the bid amount for all, not just for the respondent (Johansson-
Stenman, 1998), which has been shown to generate values consistent with economic
theory. However, not all States have an income tax, and this was not explicitly
acknowledged. Another format might be to specify an increase in the property or local
tax for those States without an income tax; however, for the sake of consistency across all
respondents, we chose the income tax payment vehicle. The cleanup is described as
occurring over several years, and the survey also states that even after cleanup is

complete, it will still take several years for the wildlife receptors to recover. In addition,



the risks will never go to zero. Respondents are presented with an initial bid randomized
from a bid vector ranging from $25 to $400. If the respondents agree to the initial bid,
they are presented with a bid that is double the first bid (if they agree to $400 initially,
then they are asked if they would be willing to pay at $800). If respondents do not agree
to the initial bid, then they are presented with a bid that is half as much ($10 if they did
not agree to $25 initially).

A particular issue that arises with double-bounded CV estimates from the
literature is a failure to achieve consistency (Hanemann, 1991; Hanemann and Kaninnen,
2001; McFadden and Leonard, 1993). We used a double-bounded dichotomous choice
(Hanemann, Loomis and Kanninen, 1991) which has been shown to substantially
increase the statistical power of the WTP estimate, at the expense of a downward bias in
the estimate because the second response is not incentive-compatible (Carson et al.,
2003). There is evidence that in some cases, responses to the second bid are inconsistent
with responses to the first bid. Some authors (e.g., Alberini, 1995) have shown that
pooling the responses to the first and second bids leads to some bias in the coefficient
estimates, but a gain in efficiency.

The bid vector for the second part of each survey (except combined) takes as its
starting point the next highest bid that was agreed to in the first part of the survey. One
could randomize the bid vector, but true randomization could lead to a bid being offered
for the combined valuation that would be less than what a respondent already agreed to
for an individual endpoint. One could randomize the bid amount offered for the combined
endpoints starting with the bid amount just above what had already been agreed to, but

that isn’t true randomization. Therefore, we decided to offer the next highest bid



following the one already agreed to (except in the case where a respondent said No-No to
the first bid: in that case, we randomized the combined bid as well). Table 1 shows the
relationship between the bid amounts for just the individual endpoints in the first part of
each survey and the bid amounts for the combined total across both endpoints.

There are a series of motivation and “confidence” questions, including:

D6.  Thinking back on your responses for the tax you’d be willing to pay when thinking
about the potential effects of PCBs on humans, how confident would you say you
were about whether you would be for or against this referendum on a scale of 1 to
5 where 1 is “Not confident at all’” and 5 is “Very confident?

The next set of questions asks about the confidence in responses for the endpoints
individually and jointly (Conf.Human; Conf.Total). Another question asks whether
respondents feel they can separate ecological and human endpoints in the valuation
question. Another set of questions asks about familiarity with PCBs, concern about
chemicals in the environment, and whether the respondent believes that PCBs really can
cause these effects in humans and animals (risk.baby; risk.wldlf; ChemConcern;
PCBConcern). Finally, respondents are asked to rate their trust on a one to five scale
concerning the information they receive from a number of sources, including different
web sites, print media, and television.

2.1. Endpoint Selection

Health effects resulting from environmental exposures can be acute (immediate)
or chronic (longer term). Acute effects can often be ameliorated if the source of the
exposure is removed (e.g., asthma attacks as a result of air pollution), while chronic
effects by definition tend to extend beyond the period of exposure (e.g., the asthma itself,
or the kinds of developmental effects explored here). In addition, with chronic effects,

there can also be a latency period (e.g., cancer, liver disease and other diseases that might



not reveal themselves until long after exposure has ceased). The bulk of the WTP studies
found in the literature are for respiratory exposures (Van Houtven et al., 2003 provide a
meta-analysis of 136 studies) leading to episodes of asthma or angina attacks. This study
is designed to evaluate willingness to pay for a subtle effect (in humans) that occurs with
a fairly large probability (20% chance if exposed) relative to typical cancer risks at
Superfund sites.

The weight-of-evidence for a relationship between in utero polychlorinated
biphenyl (PCB) exposure and developmental outcomes has been well established and
continues to grow (Schantz et al., 2003). However, as with most epidemiological studies,
discrepancies exist among measures of exposure and the strength of the relationships
between the measures of exposure and developmental outcomes. Some of those
discrepancies are attributable to differences in analytical methods, particularly in older
studies (Longnecker et al., 2003) that had higher detection levels and less sophisticated
quantitation techniques. Both epidemiological as well as animal studies demonstrate
statistically significant increases in developmental delays and effects with increasing
maternal PCB exposure (Jacobson and Jacobson, 2002b; Jacobson et al., 2002; Levin et
al., 1988; Schantz et al., 1989, 1991; ATSDR, 2000). These effects can be seen in
newborns as measured by the Bayley Scales of Infant Development to older children,
measured either directly in terms of 1Q or from other, related tests.

In terms of potential developmental effects, it is the in utero exposures that have
been most implicated in terms of effects (Jacobson et al., 1999; Jacobson and Jacobson,
2002b). Several studies have shown that although absolute doses of PCBs may be higher

during breastfeeding due to mobilization of PCBs stored in maternal lipid, the protective



effects of breastfeeding itself together with other factors (e.g., nurturing home
environment) potentially ameliorate the detrimental effects of PCBs. The children who
showed the most statistically significant dramatic developmental delays were those
exposed in utero and who were not breastfed. Breastfeeding may therefore be protective
against developing these effects even if maternal body burdens are relatively high
(Jacobson et al., 1999; Jacobson and Jacobson, 2002a).

However, regardless of the exposure issues, there is a substantial body of
evidence that show declines in various cognitive responses across both human and animal
studies (summarized in EPA, IRIS, www.epa.gov/IRIS/; ATSDR, 2000), typically as a
result of in utero exposures. Much of our understanding of the implications of slight
declines in cognitive ability across a population is based on work done relative to lead
exposures (Schwartz et al., 1985; Schwartz, 1994). The research conducted in this area
shows that slight declines in 1Q which are difficult to detect in individuals and which may
or may not lead to noticeable adverse effects on an individual basis are significant on a
population level in terms of a population shift in 1Q. Other cognitive effects include other
kinds of developmental delays such as declines in reading comprehension to levels below
grade level, low scores on analytical tests and tests of simple math problems, and
behavioral responses.

The risk reductions used in the surveys are based on the results from Jacobson et
al. (2000) who present a linear relationship between lipid-normalized breast milk
concentration of PCBs and outcomes including a 6-point reduction in I1Q and a 7-month
deficit in reading comprehension as evidenced by scores on the WISC-R at eleven years

for the Michigan cohort..



2.3. Risk Reduction and Tests of Scope

Sensitivity to scope can take several forms. Typically, these are referred to as
regular embedding, (part-whole bias), and perfect embedding, or sensitivity of WTP to
the stated risk reduction. There are two “part-whole” aspects to these surveys: one is
within an endpoint, and the other is across endpoints. The human health endpoint doesn’t
have quite the same part-whole property as the ecological version of the survey since the
potential human health effects of in utero exposures to PCBs include a panoply of
developmental effects, all or some of which may or may not occur. Indeed, as stated in
the survey:

“Studies involving children exposed while in the womb to PCBs have
shown that these children perform less well on a variety of developmental tests
throughout childhood. Government officials are interested in knowing whether
you would be willing to pay a tax to remove the source of the PCBs for the benefit
of protecting children exposed in the womb. Children that have been exposed to
PCBs have been shown to have slightly lower 1Q than average children, read at
slightly below grade level, and are less able to perform simple math problems.
The chemical doesn't cause the exact same effects in every child, but it does cause
some effect in every child.”

However, 1Q does encompass general intelligence while reading comprehension

is but one component of intelligence, allowing us to explore differences and/or
similarities in the way respondents consider 1Q versus reading comprehension as
endpoints. Reduction in 1Q as an endpoint has been well-studied in the literature
particularly relative to exposures to lead and mercury. However, in terms of
developmental endpoints, there is enough interindividual variability in 1Q that makes an
endpoint such as reading comprehension, which doesn’t vary as much across repeated

tests of any one individual, potentially more interesting in terms of valuation.



There has been increasing discussion in the CV literature concerning the effect of
the placement of a particular good or endpoint within a valuation sequence and the
influence that has on respondent valuation (Carson and Mitchell, 1995; Diamond, 1996;
Bateman and Willis, 2001). Different WTP estimates are obtained depending on the order
in which the benefits are presented, and additionally, the summation of the individual
WTP values is often not the same as the overall WTP obtained without specifying
individual endpoints. This is the issue of embedding, or part-whole bias, across
endpoints. We explore this by administering three different versions of the survey. Two
versions ask exactly the same set of questions except in opposite order (HHFirst,
Ecofirst), and one survey asks only about the combined set of potential effects and risk
reductions (human and ecological) to evaluate adding-up properties.

We evaluate perfect embedding by randomizing two different risk reductions for
each endpoint across respondents as shown in Table 2. That is, each respondent sees only
one risk reduction per developmental and ecological endpoint, but there are two risk
reductions for each endpoint randomized across each subsurvey. We focus a number of
the analyses on the risk reduction coefficient across surveys and endpoints.

2.4 Questions Related to Motivation

The survey contains a number of questions related to respondents’ knowledge and
beliefs regarding chemicals in the environment, PCBs in the environment, potential
effects of PCBs, and trust in different sources of information (e.g., industry scientists,
media, and academia). The survey contains several follow-up questions designed to elicit
motivation for agreeing to a particular bid. One question asks respondents to rate on a
scale from not important to very important the specific reasons why they might be willing

to pay to reduce potential risks to unborn children. We asked this follow-up question if



the respondent answered N-Y, Y-N, or Y-Y (e.g., they agreed to any offered bid). The

reasons include:

B5. People have lots of different reasons for voting for the program. Please rate
the importance of the following reasons why you might vote for the program:

I’m worried about the potential risk to my own unborn children

I’m worried about the potential risk to unborn babies generally

I support a cleanup no matter what the risk might be (I don’t like the idea of

chemicals in the environment generally)

Some other reason: please specify

Likewise, for those respondents who answered N-N and were not willing to pay

any amount, we asked the following:

D4.  The State is interested in knowing why you would vote against the program. There
are lots of different reasons why you might vote against the program, like it just
isn’t worth that much money, or it would be difficult for your household to pay
that much even though you support the program, or you are opposed to dredging
as an alternative. Or there might be some other reason.

Isn’t worth the money.....................c... 1

Difficult for my household to pay.......... 2

Don’t believe the cleanup would work...3

Some other reason, please specify: ...... 4
2.5 Quality Adjusted Life Years

All respondents see a set of questions designed to elicit utility weights for mild
cognitive effects using either a standard gamble or time-tradeoff question format. Utility
weights are typically elicited using a QALY index derived by questioning respondents
about specific health states. The QALY index is defined as the product:

qT 1)

where:



g = a numerical gauge of the quality of the health index on a scale of zero to one
(typically zero is the health state equivalent to death and one is perfect health, although
values less than zero are possible for “worse than death” health states)

T = duration of health state

In one set of questions, respondents are asked to assume that they have a 10-year
old child with a mild cognitive deficit, and are then offered either a standard gamble (SG)
or time tradeoff (TTO) question concerning the mortality risk they would accept on
behalf of their child for a perfect cure. These two approaches, SG and TTO, are the two
primary methods used in the literature to elicit QALY weights (Gold, 1996).

The standard gamble offers the respondent a choice of a mild cognitive deficit in
the child (either the reduction in 1Q or reading comprehension deficit) for the remainder
of the child’s life (assumed to be 60 years) in comparison to a lottery of perfect health for
that duration versus death. Respondents are asked about the probability of death that
would be considered equivalent to a lifetime with a mild cognitive deficit. Table 3 shows
the specific probabilities which range from 2.5 in 10,000 to 40 in 10,000.

The other elicitation scheme uses time tradeoff. Under this approach, the survey
asks about years of longevity in perfect health a respondent would give up on behalf of
the (hypothetical) 10-year old child to avoid a mild cognitive deficit that lasts a lifetime
(60 years assuming a lifetime of 70 years). To correspond to the probabilities given
above, the question asks about weeks of longevity that respondents would be willing to
give up on behalf of an exposed child as shown in Table 3.

The question follows the same double-bounded dichotomous choice format as for
WTP. That is, respondents are shown a time-tradeoff or probability of death, and if they

respond “Yes”, the followup questions asks about a larger number of weeks, or higher



probability of death. If they respond “No,” the number of weeks, or probability, is cut in
half. Respondents are shown a visual aid for the probability based on “dots” (Corso et al.,
2001). The QALY weight that is assigned is equal to 1 — mortality risk interval agreed to
by an individual respondent. The relationship between WTP and QALYS is given as:
WTP = B, * (Aq* At)* + & )
where:
Aq = change in health related quality of life

At = specific time period applicable to the quality weight

In this survey, respondents are asked to assume they have a 10-year-old child with
the cognitive deficit, and what risk would they be willing to assume for this hypothetical
child for a perfect cure. In the analysis, we assume that the child would live to be 70
years, so the duration of this health state is 60 years. In theory, WTP should increase
proportionally relative to the gain in QALY's, which is testable under the hypothesis that
By =1.

As with the WTP interval, the mortality risk that any given respondent agrees to is
observed as an interval rather than the single value. Therefore, it was necessary to
determine a single (conditional mean) mortality risk (or QALY weight, equal to 1-
mortality risk) for each respondent. This was done as follows. First, we assume that the
mortality risk interval for each respondent based on the two questions represents a single
risk distribution. For each individual respondent j, there exists an upper and lower bound
on the value, call these Uj and Lj, where Lj is the minimum risk agreed to (which could
be zero) and Uj is the maximum risk the respondent accepted. The likelihood for this
respondent is [F(Uj) - F(Lj)], where F is the cumulative distribution function (CDF) for

the assumed distribution, which depends on a small number of parameters (e.g., mean



and variance for normal). The likelihood for the full sample is just the product over j of
the individual contributions to the likelihood, which depends on the parameters of the
distribution function. To maximize it, we calculated the first derivatives with respect to
the parameters and set them equal to zero.

2.6 Survey Administration

A professional survey firm, Knowledge Networks (KN), administered the survey
to a panel representative of the US general population via a web-based survey mechanism
during Spring 2005. The statistical foundation of the research panel stems from the
application of probability-based sample selection methodologies to recruit panel
members. The KN web-enabled panel is the only available method for conducting
Internet-based survey research with a nationally representative probability sample
(Couper, 2001; Krotki and Dennis, 2001).

The Knowledge Networks Panel, recruited randomly through Random Digit
Dialing, represents the broad diversity and key demographic dimensions of the U.S.
population. The web-enabled panel tracks closely the U.S. population on age, race,
ethnicity, geographical region, employment status, and other demographic elements. The
differences that do exist are small and are corrected statistically in survey data (i.e., by
non-response adjustments). The web-enabled panel is comprised of both Internet and
non-Internet households, all of which are provided the same equipment for participation
in Internet surveys. Internet-based surveys are increasingly showing favorable
comparisons to mail and telephone survey methods (Berrens et al., 2003).

There are four main factors responsible for the representativeness of the web-
enabled research panel. First, the panel sample is selected using list-assisted random digit

dialing telephone methodology, providing a probability-based starting sample of U.S.



telephone households. Second, the panel sample weights are adjusted to U.S. Census
demographic benchmarks to reduce error due to non-coverage of non-telephone
households and to reduce bias due to nonresponse and other non-sampling errors. Third,
samples selected from the panel for individual studies are selected using probability
methods. Appropriate sample design weights for each study are calculated based on
specific design parameters. Fourth, nonresponse and poststratification weighting
adjustments are applied to the final survey data to reduce the effects of non-sampling
error (variance and bias).

The endpoint selection, specific risk reduction, and follow up human health
questions are all randomized across the respondents. There are two human health
endpoints, two risk reductions, two ecological endpoints and associated risk reductions,
and two quality adjusted life year questions randomized across respondents. Each
respondent faces only one human health endpoint and associated risk reduction, one
ecological endpoint and associated risk reduction, and one QALY mortality risk (either
SGor TTO).

In the next section, we report the results of the surveys and discuss the
implications of the results.

3. Model Framework and Survey Results

Economic theory postulates that society is comprised of individuals who make
tradeoffs in order to satisfy their preferences, or, put another way, to maximize their
utility.

The statistical model for CV responses must satisfy both statistical and economic
criteria (Hanemann and Kaninnen, 2001). CV responses can be modeled as discrete

dependent variables with binary responses since respondents can either state “yes” or



“no” to a particular bid value. An equivalent but alternative modeling form takes the bid
interval agreed to by an individual respondent as the dependent variable. In economic
terms, the statistical model for CV responses must be consistent with the theory of utility
maximization inherent in economic models. This assumes individuals show preferences
for market commodities (x) and nonmarket amenities (q) as represented by a utility
function U(x,q) which is continuous and non-decreasing (Hanemann, 2001). Individuals
face budget constraints based on income (y) and prices of the market commaodities (p).
Individuals are assumed to be utility-maximizers given a budget constraint (e.g.,
disposable income). Willingness to pay, or the compensating variation (C) is the
maximum an individual is willing to pay to secure an increase to the nonmarket amenity.
In this case, the nonmarket amenity is expressed as a risk (r); therefore, a decrease in the
risk increases utility U(x, r).

Each respondent has an indirect utility function for which one can plot the
tradeoff between risk and income while maintaining utility as given by the slope of that
curve.

The economic measure of value is given as:

V(p! ry, y-C) = V(p’ lo, y) (3)
where C = the amount of money at which the individual is indifferent between a

lower probability of risk and higher income, and ro and r; are different levels of:

e Risk of a 6-point reduction in 1Q to an unborn child given maternal exposure (1Q)
e Risk of a 7-month deficit in reading comprehension given maternal exposure
(RC)
The assumption is that a smaller risk relative to baseline leads improves well-

being so compensating variation, or WTP, is positive. Expected utility is roughly



proportional to risk; consequently WTP should be approximately proportional to risk, and
we test for this. As individuals spend more money, the utility loss increases. However,
WTP is likely small with respect to income and so an income effect is also likely to be
negligible.

All analyses are conducted using S-Plus 6.2 (Insightful Corporation, 2004) and
Microsoft Excel.

3.1 Descriptive Statistics

Table 4 presents the frequencies of response to the bid vectors across the surveys.
The proportion of yes responses decreases as the offered bid increases.

Table 5 provides a summary of the demographic characteristics of the sample, and
for comparison purposes, data from the 2000 census. This table shows that the sample is
representative of the US population. The median income differs, but this is primarily
attributable to the fact that income was provided in terms of ranges, and the median
income was estimated from the midpoint of the range provided for each individual. If one
compares the income distribution (shown in the table below the median and mean
income), it shows that survey samples are statistically indistinguishable from the
demographics of the US population.

The sample also shows a lower proportion of individuals with less than a high
school education as compared to the general public, and a higher proportion of
individuals with at least an associates degree. However, it is not clear that more
traditional survey methods (e.g., direct mail and/or telephone) would have reached a
higher proportion of this fraction of the population.

Table 6 provides the means for model covariates.



3.2 Statistical Models

The double-bounded dichotomous choice elicitation format used here is
analogous to interval-censored survival data in medical and engineering settings which
model time to illness or failure of a component. In this case, we know the interval within
which WTP for any individual respondent lies; for example, for the yes-yes response, it is
known that the interval lies somewhere between the highest amount the respondent
agreed to and infinity. Table 1 shows the intervals for each bid vector based on the initial
bids for each survey, and Table 4 shows the proportion of respondents for each bid
interval.

The WTP model takes the form:

LNWTP, = g, + f,LN(ARisk) + g,LNIncome + 3, X + ¢ 4)

where

WTP for the i" individual in the interval given in Table 1
ARisk — is the risk reduction (0.1 or 0.15)

Income — respondent household income

X —vector of respondent-specific attributes as given in Table 6
€ — error term

The log likelihood function can be maximized assuming a particular parametric
distribution (e.g, lognormal) or by using the Turnbull nonparametric modification of the
Kaplan-Meier estimator, which makes no assumptions about the shape of the underlying
WTP distribution (Carson et al., 2003; Hanemann and Kanninen, 2001). We evaluated
several parametric forms (e.g., lognormal, weibull) and found the lognormal to provide
the best fit based on a Likelihood Ratio test. In addition, properties of the lognormal
distribution facilitate interpretation of the results. Figure 1 presents the visual goodness-

of-fit plots across distribution types.



Parameter estimation is accomplished through maximum likelihood methods to
obtain the values of unknown statistical parameters that are most likely to have generated
the observed data. Figure 2 shows the WTP function for reading comprehension (1Q=0)
for two risk reductions (0 = small risk reduction, 1 = large risk reduction) and for 1Q
(1Q=1).

Table 7 presents the results for several models based on the single endpoint
valuation results of the HHFirst survey only. Models 1 and 2, stratified by endpoint
(reading comprehension and 1Q, respectively), include all covariates, while models 3 and
4 present the results for the reduced models. As shown in this table, the human health risk
reduction coefficient is positively related to WTP, and approaches statistical significance
for the 1Q endpoint (p=0.14), but not for the reading comprehension endpoint. The only
significant predictors in the full models include behavioral and motivational variables,
including concern about PCBs in the environment (highly statistically significant across
all four models), and the response to the QALY question (used in the model as change in
QALY). As shown in Model 2, information received from scientists is positively
associated with WTP (p<0.1). WTP is proportional with respect to risk reduction
(coefficient = 1.0) for the 1Q endpoint. Models with various interaction terms were not
significant and are omitted from the table.

Table 8 presents the results from a set of models using the EcoFirst survey results
for total WTP, which asks whether respondents would be willing to pay more into the
cleanup fund when considering human health endpoints in addition to ecological
endpoints. Models 1 and 2 are stratified by developmental endpoint for the total bid

amount. Under this model, there is a difference between the risk reduction coefficient



(HHLNRR) for 1Q as compared to reading comprehension as outcomes. For 1Q, Table 8
shows the coefficient is 1.0 and approaches significance at p<0.18. For those respondents
who were asked about reading comprehension as an endpoint, the risk reduction
coefficient is statistically significant at —1.6 (p<0.03), indicating that respondents showed
a negative relationship between risk reduction and WTP for this endpoint.

Models 3 and 4 in Table 8 show the results for the full models including all
covariates for total WTP in the EcoFirst survey. For model 3, with reading
comprehension as the endpoint, statistically significant covariates include the risk
reduction coefficient, being female, concern about chemicals in the environment, whether
or not the respondent believes that PCBs can cause developmental delays as a result of in
utero exposures, and the QALY weight. All of these covariates are positively associated
with WTP, except for the risk reduction coefficient. Model 4, by contrast, stratified by 1Q
as the endpoint, shows statistically significant covariates for the risk reduction variable,
concern about PCBs in the environment, whether or not the respondent believes that
PCBs can ca