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Introductory Remarks for Session |l
by Chris Dockins, US EPA Office of Economy and Environment

| intend to make these introductory remarks rather brief. | have never been to a workshop,
conference session, or seminar where people have left saying to themselves: "That was good, but
| wish they had spent more time on the introductory comments."

My first thought when | was asked to introduce this session and to serve as moderator was "why
me?" You may be wondering the same thing. | confess to not being heavily published in this
field. | have, however, spent a substantial portion of my time over the last two years or so
writing on the subject of health valuation for environmental policy. Melonie Willlamko

offered the introduction and policy discussion for the morning sesditelonie and | work in

the same office in EPA Office of Policy. Our jobs, and those of our colleagues involve

providing support to analysts elsewhere in the agency as they perform economic analyses. This
is the context in which | and others at EPA have done a great deal of our writing: memoranda,
explanatory notes, evaluating or proposing approaches for benefit analysis, reviews (by request)
of ongoing benefits analyses. A major emphasis in this work is helping to apply existing
valuation literature to the analysis of environmental policy actions.

There is no need for me to remind everyone here that EPA is facing new challenges in the
economic analysis of health benefits, due in part to statutory requirements and other mandates.
But a brief description of some of the Agetscgfforts in support of the economic analysis of
non-fatal health effects might be productive. My focus is on using values from revealed and
stated preference methods rather than cost-of-illness figures. Cost-of-illness estimates still play a
prominent role in our economic analyses for a number of reasons, but we recognize that
estimates of willingness-to-pay are generally preferred. My purpose here is to provide some
context for the "for Environmental Policy" portion of the workshop title, not to review many of

the more technical issues surrounding morbidity risk valuation.

To begin with, | want to provide one illustration of how the agency has responded to increasingly
available literature on willingness to pay values for non-fatal health effects. | admit that | am
providing a time series sample of one, but the illustration, | think, is useful.

In 1983, EPA performed an extensive benefit analysis of the health effects from proposed new
National Ambient Air Quality Standards. The benefit analysis looked at acute and chronic
morbidity effects in addition to premature fatalities. Although the analysis clearly indicated, a
preference for WTP value estimates for these effects, Volume Il of the report notes specifically
that there were no existing applicable values available in the literature. This limited the analysis
to a second-best approach based on lost earnings, lost non-work time, and direct medical
expenditures. The authors recognized that cost-of-iliness estimates provide only a rough lower
bound of benefits, and they performed plausibility checks to better understand the implications of
this approach.

Compare this to work used in the 1997 EPA reppbg Costs and Benefits of the Clean Air Act.
(Similar work was used in the benefit analysis of the 1997 NAAQS for particulate matter and
ozone). Setting aside differences in available concentration-response and risk data, this report



monetizes changes from nine distinct non-fatal health endpoints, not including a suite of hospital
admissions. These conditions include chronic bronchitis, acute upper and lower respiratory
symptoms, acute bronchitis, shortness of breath, and minor restricted activity days. The final
report indicates that of these nine endpoints, all but one (work-loss days) utilized a value either
directly from WTP studies or derived from WTP studies.

True, many of these symptoms are relatively minohronic bronchitis is the most severand

the value of reduced mortality risks dominated the empirical results. But this is not always the
case for EPA benefit analysis and, anyway, it misses the point. The fact is that as literature
available to support practical economic analysis has grown EPA analysts have made earnest
attempts to employ this literature. At least, we can conclude that from this limited sample.

| dorit wish to overstate this conclusion. Some of the studies from which values were obtained
are considered by some to be dated. There are also still problems with matching health effect
values to endpoints affected by environmental polices, generally. This is not simply a matter of
lacking estimates to work withpolicy analysts always want more data. There are questions of
how to apply existing work:

J to assess the suitability of existing estimates for use in benefits analysis

J to combine multiple valuation estimates for the same or similar effects

J to interpolate or extrapolate to health effects that differ from those in the original
studies.

The economics literature is not ignoring these questions. Neither is EPA. A few other activities
might provide additional context and illustrate the importance of this topic for EPA analysts.

Last year our office conducted an in-house survey to assess opinions regarding economic
research priorities for the Agency. The survey collected information from a large number of
EPA analysts involved in economic work. Aggregating across Agency offices, the greatest
research needs appeared to be (1) improving methods to value changes in ecosystem form and
function, and (2) valuing changes in morbidity risks.

Prior to this survey, EPA Social Science Discussion Group (an internal workgroup) initiated an
effort to produce a practical reference document for Agency analysts. This document, the
Handbook for Non-Cancer Health Effects Valuatinaw exists in a final draft form that has

been subject to some external peer review. It should soon be available to analysts in a web-based
format. Among many other things, the Handbook includes a summary of existing valuation
estimates and devotes quite a bit of effort to issues associated with applying these estimates to
environmental policies. The focus is on practical considerations in this benefit transfer exercise.

The increase in available WTP estimates for non-fatal effeatsl in the need to incorporate
these values into benefit analysisas created a demand for work to support more careful
consideration of how to apply them.

Historically, one constraint to fully utilizing valuation estimates for non-fatal health effects has
been a lack of risk estimates commensurate with those often available for cancer risks. The use



of "reference doses" approaches, for example, does not provide estimates of probability changes
that economists can use directly. However, there have been some efforts at EPA to develop
guantitative risk estimates for non-cancer health effects. Although the methods being explored
cannot be implemented on a large scale right now, they may offer more to work with in the

future.

| should note here that even in the absence of quantitative risk estimates, WTP values for
morbidity effects may be valuable for performing analyses that supplement benefits assessments.
Arsenic in drinking water, for example, is associated with a number of non-cancerous health
effects (including kidney and liver damage, and vascular changes leading to hypertension), but
the data do not support quantitative estimates of the number of potential cases. Estimates of
value for these effects would at least allow for some breakeven or switch point analysis to inform
decision makers.

Finally, analysts from across the agency are working with the newly-created Office of Children
Health Protection to explore how economics would estimate values for changes in the health
status of children. A major concern for this greugnd what may be a major concern for the
agency- is related to chronic effects in children, including developmental and cognitive
impairments. Of course, tomorr&asession will discuss some of these issues in more detail. |
note this now simply to indicate the importance of valuation for other morbidity risks.

The papers presented in this session begin to address these, and other, concerns. The first paper,
presented by Dr. William Schulze, serves as our segue from the previous session to this one, as
well as a link to tomorroig discussion. The paper also provides a break in the discussion of

stated preference methods, obtaining valuation estimates from actual behaviors. This work, it
should be noted was supported by EP@ffice of Air and Office of Policy.

The second paper, presented by Dr. Reed Johnson, assesses alteamativembined stated
preference approaches to estimate WTP for components of health impairments. As an EPA
economist | can appreciate that the work appears to be developed with benefit transfer
applications to environmental policies clearly in mind.
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Section 1: Introduction

Little work has been done either theoretically or empirically to value morbidity and mortality
either for children or retired adults. This paper addresses both of these issues by first presenting
a theoretical model of how families value risk and then examining family automobile purchases.
In particular, we show that parents may value risks to their children’s lives and health (the model
assumes two altruistic parents) through Nash cooperative bargaining to determine how much
money to invest in the health and safety of their children. To allow empirical estimation of
values, automobile safety is then shown to be a family public good, where the marginal
investment cost of purchasing a safer automobile is set equal to the usage- weighted sum of the
values of statistical life (VSL) of family members. We use data on automobile purchases to
estimate how much families with children spend on automobile safety and how much families
with retired members and no children spend on safety, for comparison to families without
children or retired members. This allows estimation of an average value of a statistical life

(VSL) for each type of family.

' We would like to thank Sharon Sandlan for her assistance in preparing this manuscript. We also would
like to thank Tom Walton and Alan Carlin of the USEPA for their contributions to the research. All
conclusions and remaining errors are the sole responsibility of the authors. This research was supported
by USEPA Cooperative Agreement Number CR824393-01-1.



Our research using secondary data is a preliminary effort to determine the feasibility of
collecting a national data set to allow estimation of separate values for mortality and possibly
morbidity for different family members from choices made concerning both the type of vehicle
and usage pattern by family members. A major limitation of the secondary data we use here is
that only the usage of weighted average statistical values of life per family member can be
estimated for single car families. We examine families with different compositions to attempt to

see if differences exist.

The paper is organized as follows: Section 2 presents a simplified theoretical model of family
automobile purchase decisions focusing on safety and how safety values for each individual are
determined in a family setting. Section 3 describes our empirical work estimating a hedonic

price function for automobiles showing a positive association between risk of fatal accident and
price as well as our estimates of average implied values of life for different family groups.

Section 4 discusses anomalies in the hedonic price function that have been estimated here and by
others. In addition, we present descriptive information concerning automobile safety that will
become important for improving value estimates in future research. Finally, we summarize our

findings and implications for future research in Section 5.

Section 2. Theoretical Issues

How willingness to pay (WTP) for health and safety may vary with the age of the person at risk
is a very important policy question for which we have little well-established empirical data.
Cropper and Freeman (1991) address this question with a life-cycle consumption-saving model
that they apply with a quantitative example to examine how WTP for a risk reduction in the
current time period can be theoretically expected to change over a person's lifetime. This model
is based on the premise that a person makes consumption and saving decisions over time to
maximize personal utility. Because this model is based on the premise that utility is a function of
consumption, the authors note that if there is additional utility derived from survival per se, then
the life-cycle model provides a lower bound estimate of WTP. The quantitative example depends
on assumptions regarding a lifetime pattern of earnings, endowed wealth, the rate of individual
time preference, and other parameters of the model. These will all vary for different individuals,



and uncertainty exists empirically about population averages for many of these factors. However,
using reasonable values to calibrate the model is illustrative. Cropper and Freeman note that if
consumption is constrained by income early in life, the model predicts that VSL increases with

age until age 40 to 45, and declines thereafter. Shepard and Zeckhauser (1982) also illustrate this
point with numerical examples for the life-cycle model. When they estimate the model with
reasonably realistic parameters and assume no ability to borrow against future earnings or to
purchase insurance, they find a distinct hump in the VSL function with a peak at around 40 years
and dropping to about 50% of the peak by 60 years. When they allow more ability to borrow
against future earnings and to purchase insurance, the function flattens and at 60 years drops only
to 72% of the VSL at age 40. However, the hump shape to the VSL over a person's lifetime

remains.

The conclusions reached by these theoretical analyses of the effect of age on WTP for mortality
risk reduction using the life-cycle model are somewhat consistent with the empirical findings
obtained by Jones-Lee et al. (1985). However, the empirical findings show that WTP varies with
age much less than would be predicted by the life-cycle models. In this stated preference study,
respondents gave WTP estimates for reductions in highway accident mortality risk and the
answers showed a fairly flat hump-shaped relationship between VSL and age, peaking at about
age 40. Although the directions of the changes in WTP with age are consistent with what the life-
cycle models predict, the magnitudes of the changes are smaller. The Jones-Lee et al. results
show that at age 65 the VSL is about 90% of the VSL of a 40-year-old person.

It is often suggested that WTP will be lower for the elderly than for the average adult because
expected remaining years of life are fewer. This expectation is based on the presumption that
WTP for one's own safety declines in proportion to the remaining life expectancy. Some analysts
have suggested that effects of age on WTP might be introduced by dividing average WTP per
statistical life by average expected years of life remaining (either discounted or not) to obtain
WTP per year of life (Miller, 1989; Harrison and Nichols, 1990). Such a calculation implies very
strong assumptions about the relationship between life expectancy and the utility a person
derives from life; namely, that utility is a linear function of life expectancy. Although this might

be correct, it is also plausible that this calculation will result in significant understatement of



WTP for the elderly. An understatement could result for a number of reasons. One is that there
may be a value to being alive that is independent of the amount of time one expects to live.
Another is that as one ages, the remaining time may be more highly valued than it was in midlife.
In fact, the retired are now often characterized as “healthy and wealthy.”

Determining appropriate WTP values for changes in mortality risks to children poses some
particular analytical challenges. Children are not the economic decision makers whose
preferences can be analyzed to determine an efficient allocation of society's resources regarding
their own health and safety, so both revealed and stated preference approaches must rely on
parental decisions to show what WTP for children's health and safety might be. Based on the
expected relationship between WTP and expected life-years lost, it may be reasonable to assume
that reductions in risks to children are valued equal to or greater than risks to adults. On the other
hand, the life-cycle consumption-saving models show increasing WTP for risk reductions
between the ages of 20 and 40, reflecting the typical pattern of increasing income and
productivity during this stage of life. Extending this to children might suggest lower WTP for
reducing risks to children, however, this pushes beyond the theoretical constructs of the life-
cycle model regarding an individual as an economic decision maker. The only theoretical model
which addresses these concerns, with respect to dependent children, has been developed by
Chestnut and Schulze (1998). Their work treats the case of a family with non-paternalistic
altruistic parents who engage in Nash cooperative bargaining to determine health and safety
expenditures on their children and the implied VSL. We use this model as a starting point for

our analysig,

2 1t should be pointed out that some interesting revealed preference empirical approaches based on a
household production function framework to analyze household expenditure decisions as they relate to
children's health have been attempted (Agee and Crocker, 1996; Joyce et al. 1989). These analyses infer
implicit WTP for changes in children's health as revealed by expenditure decisions of the household.
Limitations in available data and analytical difficulties in properly specifying and verifying modeled
relationships pose challenges for this approach; however, its basis in actual household decisions and
behavior is an important strength. Estimates of WTP for changes in mortality risk for children are not
directly available from these two studies, but similar approaches might be applied to obtain such WTP

estimates.



Given the state of existing research, our first task is to develop a model that can potentially
explain the behavior of households with dependent children. This model is developed in the
context of automobile safety to allow empirical estimation of an appropriate family VSL, since
the existing theoretical literature only considers individuals rather than families, with the
exception of the work by Chestnut and Schulze mentioned above. Our work here paraphrases

this earlier work and adds a hedonic market for automobile safety.

We begin by considering the case of a single individual with no family who may, or may not,
survive for a single period. The following notation will be useful:

C = consumption,

w = wage income,

r = risk of a fatal automobile accident,

M = probability of survival without automobile fatality risk,

IM-r = probability of survival with automobile fatality risk

H(M) = health expenditures (increasingrin,

P(r) = automobile price (decreasing inr), and

U(c) = strictly concave utility function.

Note: subscripts denote derivatives where appropriate.

The individual must make two choices. First, the baseline probability of surMiyas, chosen
subject to the constraint that increasiiigncreases health expendituresJH( consequently
reducing both consumption, ¢, and money available for purchasing a car, P. Similarly, the
individual chooses how risky a car to drive, r, taking into account that lower r implies that the
price of the car, P(r), is greater. Investments in heBlthand automobile safety, reducing r, are
chosen prior to realizing whether or not the individual will survive. The individual is assumed to

maximize expected utility,

(1) -nu(c),



where the death state provides no utility because the individual has no family, subject to the

budget constraint,

(2) (M-n(w-c) - P() —HA) = 0.

This budget constraint assumes that costless insurance (available for expected value) is available
both to cover the purchase price of the automobile, P, and initial health and other safety
investments, H. Most car loans, in fact, carry life insurance for the amount of the loan, and life
insurance could presumably cover the costs of other health and safety investments. The optimal

choice off1 is then determined by

(3) Hr = VSL,

and, the optimal choice of r is determined by

(4) 'F)r = VSL!
where,
(5) VSL = (U/Ug) +w —c.

Equation (3) sets the marginal health cost of increasing the odds of survival equal to the value of
the individuals statistical life (VSL) while equation (4) sets the marginal increase in price for
purchasing a safer car equal to the VSL as well. The VSL is defined in (5) for the case of perfect
insurance markets and is equal to the monetized value of utility)(Wbich is lost in death,

plus the excess of earnings over consumption. The interpretation of this relationship is much

clearer in the family setting that we treat below, so wedefer discussion.

The model developed above can readily be extended to a family setting by using the Nash

cooperative bargaining between parents approach employed by McElroy and Horney (1981).

10



Following our previous work (Chestnut and Schulze, 1998), we modify the notation used above,

again considering a single car family (the case we analyze empirically), as follows:

n = the size of the family,

i=1, 2,....,n denotes individual family members,

i = m =1 denotes the mother,

i = f= 2 denotes the father,

i=k=3, ..... ,n denotes children,

¢ = consumption of the ith family member,

w; = wage of family member i,

r= automobile fatality risk, the same for all family members,

I1; = probability of survival, excluding automobile fatality risk, of i,
H(Mq,........ , M) = family health expenditures (increasingrin),
P(nr) = automobile price (decreasing in total family risk, nr),

U¥ (c) = child’s utility function,

U'(c:.....(MnUC),....) = parent’s utility function (i = m, f), and
E' = bargaining threat point of expected utility in divorce (i = m, f).

The family must decide how much to allocate to each family member for consumption, spending
on the health of each (and in so doing select survival probabilities), and on the safety level of the
single automobile they purchase for all. Note that the demand for driving is inelastic in this
model, since the only driving choice is over the risk of the chosen automobile. The hedonic
price function for the automobile is now taken as P(nr) so that the total family risk level
determines the price of the car. All of the existing hedonic price analyses of automobile safety
use total fatalities per year for a vehicle model divided by the total number of that model on the
road as the risk variable. Thus, the risk measure is not divided by occupancy (n in this
theoretical model). It is, in fact, plausible to suppose that it is more expensive to increase the
safety for each of four passengers than for one, so this assumption may be reasonable.

11



The utility functions of both the father and mother are assumed to depend not only on their own
consumption, but also on the expected utilities of each of their children. The children’s utility is

assumed to be solely a function of their own consumption.

Investment in the safety and health of their children is a public good to the parents, which is the
subject of negotiation, as is the level of consumption of each. The Nash cooperative bargaining
model assumes that the solution maximizes the multiplication of the increase in the expected
utility of the outcome over the threat point expected utility in divorce for the mother and the
father. The threat points are assumed, in models of the family, to be a function of divorce laws,
job opportunities, etc. Thus, in the Nash cooperative bargaining solution,

(6) [T D) U™(Crri-., (M=) UX(C), .. )-E™ [(M +-1)U'(c..., (M -r)UX(C),...)-ET,

is maximized with respect tg, €1; , and r, subject to the budget constraint,

n

(7) Z Mi(wi-c) - P(nr) - HO 4, ........ ,My) =0.

The resulting conditions for allocating health expenditures and survival probabilities take the

form:
(8) H= U/ +w-¢ = VSL i=1,....... n.

The remarkable fact is, that, in spite of the complicated structure of the problem specified above,
the implied VSI; for each family member shown in (8) is identical in form to that for the single
individual shown in (5) above. The interpretation of the M&n be illustrated with the

following examples. Imagine that the mother is the sole breadwinner with a stay-at-home father.
In this case, assuming that the children are younggwO for the other family members ang,w

— Gn >0 for the mother. Thus, if the mother were to die, this would be a severe financial blow to
the rest of the family and the mother’'s VSL would reflect this relative to the VSL of other family

members. For young children it is clear thatve <O in the short run. However, in the inter-

12



temporal version of the modelxw ¢ is replaced by its discounted present value, which may be
positive. U’ depends solely onia the single period model and on the lifetime consumption
pattern in the full inter-temporal model. The important point is that the child’s consumption
depends in youth on the parents’ income and wealth. Further, if parents find the value of their
child’s smile to be high enough, the child’s consumption will be maintained, by them, at a high
level, leading to a high VSL. A young child’s utility may also be large from relatively small
levels of financial consumption, also leading to a high VSL. These arguments suggest that the
VSL of children is a purely empirical question and depends not only on their own life cycle
wealth but also on their family’s wealth.

Finally, the choice of automobile risk, r, is determined by
(9) -nR = Z VSL,.

Thus, the safety of the shared family vehicle is determined by a public good condition which sets
the marginal cost of obtaining a safer vehicle for each individual equal to the sum of the VSLs of
individual family members. The slope of an estimated hedonic price function for automobile

safety is -P, which, by (7), is equal to the average VSL for the famZy, VSL; /n.

Thus, if we examine Hor different households with a single car, we can obtain estimates of the
average value of life for those households. However, the average is a weighted average where
the weights are determined by each family member’s use of the vehicle.

Section 3. The Hedonic Model of Implied Average Values of Statistical Life for Different
Families.

The econometric model used here is based on the work of Rosen (1974), Atkinson and Halvorsen
(1990), and Dreyfus and Viscusi (1995) on hedonic pricing.

Atkinson and Halvorsen (1990) use the data for 112 models of new 1978 automobiles to obtain
estimates of the VSL. Since the available fatality data is a function of both the inherent risk of

13



the vehicle and the driver’'s characteristics, the drivers’ characteristics are included in the
regression as control variables. The VSL is calculated based on WTP. Their estimated VSL for

the sample as a whole is $3.357 million 1986 dollars.

The data used in Dreyfus and Viscusi (1995) differ from those used in earlier studies in that they
reflect actual consumer automobile holdings. Dreyfus and Viscusi (1995) use the 1988
Residential Transportation Energy Consumption Survey together with data from industry
sources. They generalize the standard hedonic models to recognize the role of discounting on
fuel efficiency and safety. The estimates of the implicit value of life range from $2.6 to $3.7
million and the estimates of discount rate range from 11 to 17 percent.

We utilized both the industry data source of the vehicle attributes and the households’ choice of
automobiles to estimated the willingness-to-pay for changes in the risks of mortality and to
derive the per capita value of statistical life for different types of households. The hedonic price

equation can be written, following Atkinson and Halvorsen (1990):

(10) Fa)UtO: f(Ra A)l

where Ry is the price of automobile, R is the inherent mortality risk associated with the
automobile, and A is a vector of other characteristics. The available mortality data, F, is a
function of both R and a vector of the involved driver’s characteristics D. Assuming that F is
monotonic in R, equation (1) can also be written as:

(11) Fa)UtO: g(F1 A1 D)1

The function form used for the estimation is

(12) log(Ruto = 0o +3 aklog(Xk) + €,
k

where X is a representative regressor and e is an unobserved residual.

14



The 1995 National Personal Transportation Survey (NPTS) is used to obtain information on the
household’s choice of automobiles. 1995 NPTS was conducted by the Research Triangle
Institute (RTI) under the sponsorship of the U.S. Department of Transportation (DOT). The
survey covers 42,033 sampled households. A sub-data set of 4036 one-car households holding a
1990-1995 model year vehicle were merged with vehicle attribute data collected from industry
and other sources for the same years. The vehicle price data is gatherddDanOfficial

Used Car Guideand other attribute data is collected fridDA Official Used Car Guide

Ward’'s Automotive Yearbop&ndConsumer Reportsespectively. The vehicle mortality rate is
measured by the number of fatalities occurring in each make/model/year vehicle per 1000 of that
vehicle sold. The number of fatalities is based on the information from the U.S. Department of
Transportation’s Fatality Analysis Reporting System (FARS) for calendar year 1995-1997. For
model year 1990-1994 vehicles, the average of the FARS 1995 and 1996 fatalities is used, while
for model year 1995 vehicles, the average of the FARS 1996 and 1997 fatalities is used. Since
the mortality rate is jointly determined by the inherent mortality risk associated with the
automobile and the driver’s characteristics, a vector of driver’s characteristics is also included in
the model to provide control variables. The variables of driver’s characteristics are gathered from
FARS 1995-1997. The variables used are summarized in Table 1, while Table 2 shows the
descriptive statistics of selected vehicle attributes. The selection of vehicle attributes and
driver’s characteristics is similar to Dreyfus and Viscusi (1995) and Atkinson and Halvorsen
(1990).

Least square estimates of the log linear model are presented in Table 3. Two equations are

estimated separately. The first equation omits fuel economy, while

15



Table 1. Variable Definition

Variable Name Definition

Price Vehicle price as of end-of-year 1995.

Value Retained Original sales value retained, as of end-of-year 1995.

Mortality Rate Number of fatalities occurring in that make/model/year vehicle per 1000 of
that vehicle sold.

City Fuel- Miles per gallon in city area.

efficiency

Reliable Rating A discrete variable coded from 1 to 5, 5 is the highest while 1 is the lowest.

Acceleration The horsepower-to-weight ratio.

Traditional Styling Length plus width divided by height.

ClassX Discrete variables coded as 1 for the appropriate class. Classl to c