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Abstract

In surveys of 3,000 households, we have found that people attach less importance to saving lives in the future
than to saving lives today, and less importance to saving older persons than to saving younger persons. For the
median respondent, saving six people in 25 years is equivalent to saving one person today, while for a horizon of
l(H)years, 45 persons must be saved for every person saved ttxlay. The age of those saved also matters; however,
respondents do not weight lives saved by number of life-years remaining: For the median respondent, saving
one 20-year-old is equivalent to saving seven 60-year-oIds.

In a country that spends over 15% of its GNP on health and safety, the evaluation of
programs that save lives is of paramount importance. Typically, health and safety pro-
grams are compared by computing the cost-per-life saved of each program—that is, the
total cost of the program is divided by the number of premature deaths avoided. Two
problems that arise in making such comparisons are (1) that programs may save lives at
different times, and (2) that programs may prevent death at different ages, and thus save
different numbers of life-years.

The first problem arises frequently in comparing environmental programs with other
health and safety regulations. Most environmental programs save lives by reducing expo-
sure to a pollutant, often a cancer-causing one, that would not have caused death until
many years after exposure. Lives are thus saved in the future rather than today. The
problem, however, is more general: Even a program such as mandatory air bags in
automobiles, which will begin to save lives immediately, will save lives over a numberof
years. The question therefore arises: Should a life saved in the future be counted as
equivalent to a life saved today?

The second problem—that programs save persons of different ages—occurs fre-
quently when comparing health and safety programs. Programs to reduce deaths due to
cancer clearly save fewer life-years per person than programs to reduce neonatal death
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rates or programs to reduce auto accidents. A typical method of controlling for differ-
ences in life-years saved is to divide program cost by the total numberof life-years saved.
This, however, implicitlyvalues individuals in proportion to their life expectancies, a view
that may not refiect society's preferences. Society may. for example, deem it more impor-
tant to save the livesofperstins raising young children than either the lives of the very old
or the very young.

Our purpose in this article is to examine such preferences. Specifically, we report the
results of asking over 3,(KH) members of the general public to choose between pairs of
hypothetical life-saving programs. In some cases, the choices involved programs that
would save persons at different points in time, while in others the choice was between
programs that would save persons of different ages.

Our purpose in asking people to choose between programs that save different numbers of
people at different points in time is to examine marginal rates of substitution for present
versus future life saving.' We are interested in uncovering both implicit tlisa>unt rates for
future life saving and also the determinants of those rates. Concerning the latter, for exam-
ple, what is the relationship—if any—between an individual's soci(x;conomic characteristics
and the rate at which he is willing to trade off present for future life saving?

Another issue that we itivestigate is the relationship between people's discount rates
for money and their discount rates for lives. Since it can be argued that lives saved in the
future should be discounted at the same rate as costs (Keeler and Cretin, 1983), we are
interested in finding out whether individuals' discount rates for money and lives saved
arc, on average, equal.

Our goal in asking people to choose between programs that save persons of different
ages immediately is to infer rates of substitution between saving the lives of 60-year-oIds
and younger persons (speeifically, 20-, 30- and 4()-year-olds). There are two issues of
intcre.st here. One is whether the rate of substitution between saving persons of different
ages is proportional to the ratio of life-years saved, the assumption made in comparisons
ofcost-pcr-life-year saved. The second is whether this rateof substitution varies system-
atically with the respondent's age: Is it primarily young people who feel that more weight
should be given to saving the lives of the young than the lives of the old, or is this view
held by all age groups?

With regard to discount rates for life saving, we find that individuals do, indeed,
discount future lives saved. In fact, their discount rate for lives saved is almost as high as
their real discount rate for money. The median respondent in our surveys requires that
2.3 lives be saved five years from now for every life saved today—a discount rate of
16.8%. (By contrast, the median rate at which respondents discount money over this
period is 20%.) The median respondent requires that 44 lives be saved ltK) years from
today forevery life saved today, implying a discount rateof 3.4% fora 100-year horizon.

Discount rates increase with age, and arc higher for blacks than for other races. For
horizonsof 25 years or more, they are alsohigherfor persons with minor children. This is
consistent with the view that people wish to protect their children when they are chil-
dren, rather than when they arc adults.

The most striking finding with regard to saving persons of different ages is that the
median respondent in our surveys places more weight on saving young persons than he
would if people were weighted strictly by life expectancy: Eight 60-year-olds are judged
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equivalent to saving one 20-year-old, and seven 60-year-olds are judged equivalent to
saving one 40-year-old. By contrast, eleven 60-year-olds are judged equivalent to saving
one 30-year-oid, suggesting that the utility attached to saving an anonymous life is a
hump-shaped function ofthe age ofthe person saved. This finding, it is important to
note, is independent of the respondent's age. While the number of 60-year-olds who
must be saved for each younger person is higher for male respondents and respondents
with a college degree, it is unrelated to age.

These findings are substantiated in the remainder of the article. In section 1, we
describe a series of surveys we have administered over the past two years to elicit indi-
viduals' views about hypothetical regulatory programs. Section I also presents the statis-
tical techniques used to estimate both discount rates for life saving and their determi-
nants. Section 2 presents our findings about discount rates for lives saved and contrasts
these with discount rates for money. Results pertaining to tradeoffs between people of
different ages are presented in section 3. We offer some eoneluding observations in
section 4.

1. Estimating mai^inal rates of substitution for saving lives

LL Description ofthe surveys

To measure the number of lives saved in the future that are equivalent to saving one life
today, we confronted people with questions such as the following:

Question 1

Each year some people in the United States may die as a result of exposure to certain
kinds of pollutants. Unless there are programs to control this pollution. 100 people will
die this year from pollution, and 200 people will die 25 years from now. The govern-
ment has to choose between two new programs to control this pollution. The two
programs cost the same, but there is only enough money for one.

Program A will save 1(X) lives now.
Program B will save 200 lives 25 years from now.
Which program would you choose?^

To obtain more information about the respondent's preferences. Question 1 was
followed by a question in which Program B was made more attractive if Program A was
chosen in Question I, and less attractive if Program B was chosen in Question 1.

Question 2

Suppose Program A stayed the same. It will save 100 lives now. Program B, however,
will save [fill in Y\ lives 25 years from now. Which of the programs would you prefer?
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The value of K chosen was varied at random among respondents.-^ Questions 1 and 2
were followed by a "debriefing" question, in which the respondent was asked to explain
the reasons for his choice.

In our first survey, approximately 1,000 Maryland households were asked Questions 1
and 2 as part of a larger survey on public issues—the Maryland poll—conducted by the
University of Maryland Survey Research Center in November and December of 1990.
Because our interest, initially, was in intergenerational preferences, half of the house-
holds received a time horizon of 25 years (7 = 25) in both questions, while the other half
received a 100-year horizon (7 = 100). All households who chose Program A in both
questions were asked to choose the best reason for their answers from a list of possible
explanations.''

In March and April of 1991, 564 households in the Washington, D.C. metropolitan
area received Questions I and 2 as part ofthe Washington poll.^ Here, the structure of
the questions was slightly different. In Question 1 each household was assigned one of
ten values for future lives saved. The time at which future lives were saved was set at 50
years {T = 50). In Question 2, the number of lives saved by each program was kept the
same as in Question l,but Twas increased to 100 for respondents who chose Program B
in Question 1 and reduced to 25 for respondents who chose Program A. After answering
both questions, respondents who either always chose Program A or always chose Pro-
gram B were asked to explain the reasons for their choices.

Our third survey was administered to a national random sample of 1,000 households in
September through November of 1991. Following a series of general questions on envi-
ronmental issues, 496 of the households were confronted with a series of discounting
questions in which the horizon was five years; the remaining households were presented
with discounting questions in which the horizon was ten years. In addition to making
choices between life-saving programs, households were asked to make two other types of
choices: They were asked to chcrase between receiving $ IO,O(K) now and a larger amount
in either five or ten years, to enable us to infer discount rates for money. They were also
asked to chcwse between a program that would save the lives of 60-year-olds and a
program that would save either 20-year-olds or 40-year-oIds.

L2. Models used to analyze the data

In analyzing responses to our discounting questions, we assume that the respondent
receives utility UA = aX from Program A and UB = bYimm Program B, and chooses
Program A if

aX > bY, which implies bla = z < XIY.^ (1)

z is the fraction of a person saved today, which is equivalent to saving one person at time
7, or the marginal rate of substitution between lives saved today and time T.

We assume that there is a distribution oiz values in the population, F{z), and wish to
estimate it. If 2 is a random variable, the probability that a randomly chosen person
prefers Program A to Program B is
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P{z <X/Y) = F{X/Y)- (2)

TTie funetional form of F depends on the distributional assumptions made about z.
Suppose thatz has a lognormal distribution with mean .̂i and varianeeo^ when the time
horizon is T[ years. Then

P{z <X/Y) = <I>[(ln[^A1 - jxi)/(T,], (3)

where 4> denotes the standard normal eumulative distribution function. The parameters
Ji. I and o-| ean be estimated by maximum likelihood methods, sinee XfV is varied aeross
respondents in the survey.^

If one wants to avoid making an assumption about the distribution of z, one ean
estimate F{ ) using sample proportions. A simple way to estimate the distribution of
marginal rates of substitution is to face nj people with a given ratio of XfY, {X/Y)i, and to
record the number of persons in cell / who favor Program A. The proportion of persons
in the cell who favor Program A,pi, is an estimate of the value of the eumulative distri-
bution of z, at (Xfy)i, F[{X/Y)i]. A nonparametric estimate of the distribution of (z) is
obtained by plotting/J, against (ATY), for various {XfY)i ratios.*^

1.3. Testing discounting hypotheses

In addition to examining the distribution of marginal rates of substitution for a given
horizon, we are interested in seeing how these ehange as the horizon changes. Because
the number of persons who must be saved in the future (7) to equal one life saved today
presumably increases with T, the distribution of z should shift to the left as T inereases.
One hypothesis whieh we are interested in testing is whether the distribution shifts in a
manner consistent with constant exponential discounting. If people discount future lives
saved at a eonstant exponential rate, the marginal rate of substitution between lives
saved now and at T may be written

2 = exp{ - 57). (4)

Hence there is a one-to-one correspondence between the marginal rate of substitution z
and the discount rate 5. The hypothesis that persons diseount at a constant exponential
rate ean be tested by seeing whether the distribution of 5 shifts with 7".

Constant exponential discounting implies that the discount factor applied to a life
saved atT = 100 to discount it to 7" = 50 is the same one applied to a life saved at 7 =
?() to discount it to the present (T = 0). The hypothesis that these two discount factors
are equal has repeatedly been refuted in experiments involving the diseounting of mon-
etary payoffs (Horowitz, 1991; Lowenstein and Thaler, 1989; Thaler, 1981; Winston and
Woodbury, 1991). In terms of the present example, this literature has found that the
diseount factor used to diseount lives from T ^ 50 to T = 0 is greater than the diseount
factor used to discount lives saved at 7"= 100 to 7 ~ 50, suggesting that the discount rate
falls over time.
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We therefore examine the possibility that people discount lives saved at a non-
constant exponential rate, i.e., that

2 = exp- \^f^h{t)dtj. (5)

One possibility which we consider is that the discount rate declines linearly with time,

5(r) = a - pr, a, 3 > 0. (6)

An alternative hypothesis is that the discount rate follows a rectangular hyperbola,

m = y- (7)

To capture heterogeneity in preferences, we assume that a in equation (6) and 7 in
equation (7) are random variables that are independently and identically normally dis-
tributed in the population, with mean p.^ (fJL-y) and variance u;; ( tr) . In the linear case, p,
the slope of the discount rate function, is assumed to be identical for all persons.

The linear discount rate function is. of course, satisfactory only as an approximation lo
6(/) over some range, since it eventually implies negative discount rates. The assumption
that the discount rate follows a rectangular hyperbola, on the other hand, restricts dis-
count rates always to be positive. The assumption that the discount rate follows a rect-
angular hyperbola is formally equivalent to Harvey's (1986) hypothesis that people dis-
count the future at a constant relative rate (see also Ainslie, 1991). According to
Harvey's hypothesis, the discount factor applied to lives at T2 to discount them back to
T\ is

z = (7-1/72)^ (8)

implying that the discount factor used to discount lives saved from T ^ 100 to 7" = 50
will be identical to the discount factor used to discount lives saved from T = 2 to 7" = I.

In addition to testing hypotheses about the discount rate, we wish to see how the mean
of the discount rate function varies with respondent characteristics. Discount rates may
increase with age if individuals consider benefits to themselves in chtH)sing among life-
saving programs. Individuals with small children may be more future-oriented (have
lower discount rates) than those without, although people with children may consider it
more important to protect their children when they are young than when they are old.
Accordingly, we allow |x,, and jx-y to depend on respondent characteristics.

2. Public preferences for saving lives

Before testing discounting hypotheses, it is important to establish that the responses to
our questions are reasonable: that people understood the questions they were asked and
that they answered in a rational manner. Evidence that this occurred comes from two
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sources: a comparison of the responses of individuals faced with different time horizons
and numbers of lives saved, and an analysis of people's stated reasons for their answers.''

2.1. Distribution of responses

If individuals are focusing on the number of lives saved, then one would expect the
percentage of respondents choosing the present-oriented program to increase as the
ratio of lives saved by that program (X), to lives saved in the future {Y), increases. An
examination of figures I and 2 reveals that this is the case. Each curve in figures 1 and 2
shows, for a given time horizon, the proportion of persons who favored the presenl-
oriented program at various A'/y ratios. We emphasize that, because different groups of
people were confronted with different A'/y ratios, there is nothing to guarantee that the
percentage of persons choosing the present-oriented program will increase as one moves
along the horizontal axis. The fact that all four curves increase monotonically suggests
that individuals in fact paid attention to the number of lives saved.

Figures 1 and 2 also suggest that individuals have considered carefully the time at
which lives are saved. If one compares two groups of respondents who were confronted
with the same AVVratio but different horizons, one would expect a larger percentage of
the group with the more distant horizon to choose the present-oriented program. This is
in fact the case: Curves for more distant horizons lie above and to the left of curves for
shorter horizons.'"

A further check on the reliability of responses lies in people's stated reasons for their
answers. At the end of the Washington poll and the national survey, we asked people
who always chose the present-oriented program or who always chose the future-oriented
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Figure I. Percent of respondents choosing to save lives today rather than in Five Years or Ten Years
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Figure 2. Percent of respondents choosing to save lives today rather than in 25 Years or 100 Years

program to state, in their own words, the reasons for their answers.'' These are summa-
rized in tables 1 and 2. Among the chief reasons for always preferring to save lives today
are {1) that it is better to live for today, to solve today's problems; (2) that improvements
in technology will allow future lives to be saved more eheaply than lives today; and {3)
that the future is uncertain. Of these three reasons, only the second could possibly be
challenged as a legitimate reason for preferring to save lives today. Sinee the goal of the

Table I. Reastins for always ehoosing to save lives today

Reason

Technological progress provides means
to save people in the future

One should live day by day

Future i.s uncertain
The life I save may be my own

(or my Family is living now)
Present-oriented program saves more lives
Saving lives now means more lives in the future
Solve the problem now
Other
Do not know

r = 5 and 10 Years
Percent
(National Survey)

22.8

21.2
10.8
7 3

1.2
5.4
9.7

15.1
6.5

r = 50 and 25 Years
Percent
(Washington Poll)

31.3

31.7
15.4

6.5

1.6

2.8
—

7.7
2.9
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Table 2. Reasons for always choosing to save lives in the future

Reason

Make the lutiire belter
Future-oriented program

saves more lives
Other
Do not know

r = 5aiid 10 Years
Percent

(National Survey)

34.4

23.2
21.6
20. S

7" = 50 and 25 Years
Percent

(Washington Poll)

50.0

28.8
t7.6

3.5

survey is to elicit people's preferenees for saving lives, independently of eost eonsider-
ations, people who cited technological progress as a reason for choosing the present-
oriented program may not be answering the question that we intended them to answer.
On the other hand, one could interpret references to teehnologieal progress as a reason
for feeling that future generations should take care of themselves.

2.2. Discount rates for life-saving

What do the responses in figures 1 and 2 imply about discount rates for life saving?''^ If
one translates the z distributions in figures 1 and 2 into distributions of discount rates for
life saving, two results are apparent: (1) a significant fraction of our respondents have
very highdiscount rates—18% have discount rates in excess of72% for a horizon of five
years, and 38% have discount rates in excess of 15% for a horizon of 25 years; and (2)
approximately 10% of respondents have negative discount rates, i.e., they choose the
future-oriented program even when it saves fewer lives.

That many people have high discount rates is apparent from the faet that, in both
figures, a significant fraetion of respondents continues to choose the present-oriented
program as the ratio of X/Y approaehes zero. In figure 2, when T = 100, 47% of our
respondents prefer saving 100 lives today to 7,{XK} lives in the future. Similarly, 38% of
respondents prefer saving 100 persons today to saving 4,000 persons 25 years from today.
This implies that 47% of our respondents have a discount rate greater than 4.3% when
the horizon is 100 years and that 38% have a discount rate greater than 14.8% when the
horizon is 25 years. In figure 1,28% of respondents have diseount rates in excess of 39%
when T - 10, and 18% have diseount rates in excess of 72% when T = 5.'-*

At the other end of the spectrum, however, are respondents with negative discount
rates, i.e., persons who prefer to save fewer lives in the future than are saved today. For
eaeh of the horizons in figures 1 and 2, approximately 10% of respondents have negative
discount rates. People's stated reasons for preferring to save fewer lives in the future
include a feeling of responsibility toward persons in future generations; however, we
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cannot rule out the importance of baseline risks in explaining these resuUs. [l may be the
case that respondents, feeling that t<x) little is currently being done to help future gcncr-
utions. chose the tutu re-oriented program for that reason.

2.3. Do people discount lives saved at a constant exponential rate?

An interesting question is whether the distributions of discount rates corresponding to
the z distributions in figures t and 2 are consistent with respondents diseounting the
future at a constant e.xponential rate. Table 3 presents the median discount rate for each
horizon in our surveys, assuming that the future is discounted at a constant exponential
rate over that horizon. Also presented are the mean and standard deviation of 5, assum-
ing, for each horizon, that 5 is normally distributed. '"* A glance at the table suggests that
respondents do not. in fact, discount future lives saved at a constant exponential rate.'-''
Median diseount rates range from 17% for a five-year horizon to 3.7% for a horizon of
KX) years. As has been found in the monetary discounting literature, the eonstant expo-
nential discount rate declines with the length of the horizon.'^

Two alternatives to eonstant exponential diseounting that allow the diseount rate 8(0
to decline over time arc the linear discount rate function and a discount rate function
that is a rectangular hyperbola. Table 4 indicates that fitting a linear discount rate func-
tion to horizons of five and ten years yields very different results than fitting a linear
function to horizons of 25 to lOOyears.Theformer is much steeper, with a mean discount
rate of 34% at 7 = 0, and a mean discount rate of zero at T = 11.65. The function
estimated using data from horizons of 25 to lOOyears is much flatter, with a discount rate
that does not reach zero until 122 years.

Ttihle 3. Parameters of disajuni rate distributions a.ssuming constani cxptmential discounting

Horizon

T = 5

7 = 10

7 = 25

7 = 50

7 = KM)

N

475

480

462

528

442

Raw Data

Median ft

.168

.112

.074

.048

.038

5 Normally

.274
(16.6)

.179
(19.2)

.086
(19.0)

.068
(11.4)

.034
(21.5)

Dislribulcd

.314
(22.8)

.183
(20.0)

.083
(15.3)

.092
(6.51)

.026
(13.7)

Note: I/-statistics I appoar in parenlhcses
Source: Data for 7 = 5.10 come from the national .survey; data for 7 = 50 from the Washington poll, and data

for 7 = 25, UK) from the Maryland poll.
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Table 4. Eslimalesdf ihe linear discount rate function for saving lives. 8(0 = « -

Mean of a

Standard deviation of a

N

Intercept

Age in years

Male

Married

Children < 18 at home

Black

College degree

Income <. $30.0(H)

P

Standard deviation of a

N

Note: Figures in parentheses are

T = 5imd II) Years
(National Survey)

0.3391
^ (12.1)

0.0291
(3.82)

0.2568
(33.4)
955

0,2923
(6.47)

1.O3E-3
(1.77)

-0.0285
(1-49)

- 1 . 4 9 E - 3
(0.07)
0.0249

(1.13)
0.0648

(2.42)
-4 ,36E-3
(0,19)

- 3 . 8 7 E - 3
(0.19)
0,0306

(3.93)
0.25()4

(32,7)
887

/-statistics!.

7"= 25 and 100 Years
(Maryland Poll)

(3.0866
(21.0)

7 ,12E^
(5,24)

0,0616
(23.3)
9(14

0.0385
(3.51)

6.86E-4
(3.73)
3.93E-4

(0.08)

5.65E-3
(1.01)
0.0145

(2,54)

0,0303
(4.49)

3.62E-3
(0.62)

-1.85E-3
(0.30)
6,76E-4

(4,71)

0.0608
(22,4)
744

The linear discount function results suggest that the discount rate declines at a de-
creasing rate, a fact consistent with the hyperbolic discount rate function. Results of
fitting our data to the hyperbolic function are given in table 5. They indicate that the
mean discount rate is 0.80 at one year and 0.08 at 100 years—rates far higher than those
implied by the two linear functions.

It is, however, difficult to compare the fit ofthe two discount rate functions formally,
since one function is not nested in the other. An Informal comparison of the fit ofthe two
functions is made in table 6, which compares the median number of lives that must be
saved at various T, as predicted by the linear and hyperbolic discount rate functions, with
the sample medians computed from raw survey data. The comparisons suggest that.
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Table 5, Estimates of the rectangular-hyperbolie discount rate function for saving lives, 5(f) = -y/f

T = 5.10, 25 and l(H) years
0.7965

(37.6)

0.8040
(41.4)

1.859

Mean of -y

Standard deviation of-y

N

Intercept

Age in years

Male

Married

Children £ 18 at home

Black

College degree

Income < $30,000

Standard deviation of-y

N

0.4506
(5.14)
5.24E-3

(3.65)
-0.0497
( l . l t )
0.0370

(0.77)
0.1201

(2.36)

0.2801
(4.57)
0.0277

(0.54)
1.33E-3

(0.03)
0.7906

(40.0)
l.fiSl

Note: Figures in parentheses are [/-statistics .
Source: Maryland poll (7" = 25 and 100 years)

National Survey (7" = 5 and 10 years)

Table 6. Median number of lives saved at 7" that are equivalent to saving one life today

T Raw daia Linear fi(O Rcctangular-l lyperbolic ?i(()

10

25
50

I I M I

3
6

11
44

•4

7

7

31

4

6

13
23
30
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while the piecewisc linear discounting function does a better job of predicting the me-
dian value of z "' for horizons less than or equal to 25 years, the hyperbolic discount rate
function fits the data better for horizons greater than 25 years.

2.4. Factors affecting discount rates

An issue that arises in interpreting discount rate results is whether the discount rate
reflects pure altruism or also incorporates selfish concerns. Do individuals discount
future lives saved because they or their families are unlikely to benefit from future
life-saving programs or because they do not feel as close a kinship with future anonymous
lives as with present anonymous lives?

One way of investigating this issue is to ask respondents whether, in answering our
questions, they considered how the programs would afl̂ ect them personally. At the end of
the national survey, we asked respondents whether, in making their choices, they had
considered the effect programs would have on them or their families. Forty percent of
respondents said that they had; however, the probability that the respondent chose
Program A was not signifieantly higher if he considered how the programs would affeet
him personally than if he did not.

An indirect way of investing whether responses reflect selfish concerns is to see if
variation in responses can be explained by the respondent's age or by whether or not he
has children. If older people are less likely to benefit from future programs, and re-
sponses are partly selfish, then older people should have higher discount rates than
younger people. This should also be true of people with young children. A person with
small children who is faced with a choice between a program that saves lives today and
one that saves lives in 25 years is more likely to choose the former program—all else
equal—if he is more concerned about protecting his children when they are children
than when they arc adults.

The lower portions of tables 4 and 5 present the effect of covariates on the discount
rate for both linear and hyperbolic discount rate functions. In all cases, an increase in the
age of the respondent significantly raises the discount rate. When the discount rate
function is linear, an increase in age of ten years raises the discount rate by 69 basis
points for horizons of 25 years or more and by 100 basis points for horizons of ten years or
less. Having children under 18 at home raises the discount rate by 145 basis points for
horizons of 25 years or more, but has no statistically significant efl'ect for horizons of five
or ten years. This is consistent with the hypothesis above: Five years from now one's
children will still be children, and just as deserving of protection as they are now; 25 years
from now they will be adults, and able to take care of themselves.

The only other demographic variable that consistently affects the mean ofthe discount
rate distribution is race. Blacks have significantly higher discount rates than other races,
a result that has also been found when it is money, rather than lives, that is discounted
(Lawrence, 1991; Leigh, 1986). Because we have controlled for education (whether
respondent has a college degree) and income (whether income is above or below
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$30,000),'^ the race variable may reflect cultural factors or the faet that blacks have
shorter life expectancies than whites.

What is perhaps surprising is that income and education have no effect on the discount
rate. Further reflection, however, suggests that there is no reason why low-income per-
sons, who have been found to diseount monetary rewards more heavily than high-ineome
persons, should discount lives at a higher rate.

2.5. Discounting lives versiLi discounting money

An individual's rate of substitution between lives saved now and in the future presum-
ably reflects his ethical values and need not equal his discount rate for money. It is,
nonetheless, of interest to see whether the two are correlated. An additional reason for
comparing discount rates for lives and money is that, from a normative viewpt)int, one
ean argue that a social planner should diseount lives saved in the future at the same rate
as he discounts the costs of iife-saving programs (Keeler and Cretin. 1^83). It is therefore
of interest to see whether individuals' diseount rates for life-saving are, on average, equal
to their discount rates for money over the same horizon.

In our national survey, we asked respondents to imagine that they had won a lottery
and confronted them with a choice between receiving a prize of $ l{),0()() today or $3n,()()()
in r years. The value of 7 chosen (either five or ten years) was the same value used in
questions on life-saving programs. A follow-up question was asked, in which the future
amount received was either raised or lowered based on the answer to the first question.

When the responses to the monetary discounting questions are used to estimate dis-
count rate distributions, the similarity between the discount rate functions for money
and for life-saving is striking. Under the assumption that the diseount rate declines
linearly over time, the diseount rate function for money is given in table 7. The slope of
this function and mean of its intercept are quite similar to those for discounting human
lives. The one notable difference is that the standard deviation of the intercept of the
monetary discounting function is much smaller than that ofthe discount rate function for
human lives, suggesting that there is less variation in diseount rates for money than in
discount rates for human lives.

While the monetary discount rates in table 7 may seem high, they are not out of line
with estimates imputed from individuals' purchases of ener^-saving appliances (Haus-
man, 1979). They also agree with discount rates estimated from studies of reenlistment
bonuses paid to military personnel (Cylke. Goldberg, Hogan, and Mairs, 1982).'^ Fur-
ther evidenee of the plausibility of our results comes from the relationship between
discount rates and respondent characteristics.

Regarding the relationship between diseount rates for money and lives, it appears to
be the ease that people with high monetary discount rates have high discount rates for
life-saving. To test this hypothesis, dummy variables indicating the interval in which each
respondent's monetary discount rate lies were added to the discount rate distribution in
column 2 of table 4.'** Respondents who always ehose to receive $l(),()(X) today have
significantly higher discount rates for life-saving respondents in other categories.
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7. Estimates of the linear discount rale function lor money, 5(0 = « -

Mean of a

|i

Standard deviation of a

N

7" = 5iind lU years
0.3021

(2L7)
0.0198

(5.10)
0.1285

(23.0)
988

Intercept

Age in years

Male

Married

Children < lH at home

Black

College degree

Income < $30,(HK)

Standard deviation of a

N

U.I 703
(7.42)
2.89E-3

(8.72)

6.82E-3
(0.72)

- 2 . 3 4 E - 3
(0.22)

0.0101
(0.%)

0.0515
(3.76)

-6 .44E-3
(0.62)
0.0142

(L37)
0.0225

(5.94)
n.ii83

(23.1)
912

Note: Figures in parentheses are |r-statistics|.
Source: National survey

3. Preferences for saving respondents of different ages

In the publie health literature, life-saving programs are typieally expressed in terms of
the number of life-years saved: Eaeh statistical life saved is weighted by the number of
years of life remaining. One goal of our research is to see whether people implicitly use
this weighting scheme in choosing between life-saving programs.

Letting A", be the number of persons saved by program / andy4, the age ofthe persons
saved, a possible form for the utility received from program / is

= x,[{m - > 0, \ > 0,

where L/, the number of life years saved per person, is approximated by a linear funetion
of age. Ifp = 0, then life years saved do not matter. Ifp = 1, programs are ranked solely
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on the basis of life-years saved. A value of p > 1 implies that younger people are
weighted more than in proportion to life-years saved. This might reflect the view that
quality of life diminishes as one ages; hence saving a person with 40 years of life remain-
ing is more than twice as valuable as saving a person with 20 years of life remaining.

Preferenees may, however, be more complicated than in equation (9). If, for example,
society deems it more important to save a 30-year-old than a person who is 20 or 50—
possibly because the 30-year-old is raising children—utility will be a hump-shaped func-
tion of the age of the vietim. One utility function that allows middle-aged persons to be
valued more highly than the old or the young is

Uj =/l,('^-"exp(-iM/'^)^i, tlj > 0,0) > 1. (10)

In(lO), v̂r is a scale parameterand to a parameterthat determines the shape ofthe utility
function. Equation (10) implies that there is a most preferred age for life-saving,/4*,
where

Af = [(a>- l)/v!fa)]l/% (11)

and which increases the larger is co and the smaller is t\>.
To explore preferences regarding age. we faeed respondents in our national survey,

and half of the respondents in the Washington poll, with the following question:

Question 3

Now Vd like to ask you about two medical programs to find cures for diseases. As you
know, some diseases kill younger people, and some diseases kill older people. Suppose
a ehoiee must be made between two medical programs. The two programs cost the
same but there is only enough money for one.

Program A will save 2(X) lives from diseases that kill 20-year-olds.
Program B will save [fill in ] lives from diseases that kill 60-year-olds.
Which program would you choose?

As in the discounting portion of the survey, this question was accompanied by a
follow-up question in whieh the number of lives saved by Program B was increased if the
respondent chose Program A in Question 3 and decreased if the respondent ehose
Program B.

The responses to the age trade-off questions in our national survey are summarized in
table 8. In that survey the fraction of persons who wish to save younger persons generally
increases as the ratio of young to old persons saved increases; however, the results are
not strietly monotonie. A more surprising finding is that responses are almost identical
regardless of whether younger persons are twenty or forty. If the distributions in table 8
are smtKrthed,-'' the median number of 60-year-olds who are equivalent to one younger
person is approximately seven.
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Table 8. Preferences for saving persons of different ages

No. of 60-yr-
olds saved

6,000
3.500
2.000
1,000

600
400

250
100

No. of young persons saved
No. of 60-yr-olds saved

.033

.057

.100

.200

.333

.5(K)

.800
2.000

Proportion favoring
saving of 20-yr-olds

.398

.448

.476

.557

.858

.852

.835

.952

Proportion favoring
saving of 4()-yr-oids

.396

.449
393
.498
.833
.858
.887
.915

The results in table 8 suggest that, in judging life-saving programs, the age of the
victims clearly matters; however, most respondents do not weight people strictly by their
life expectancy.-^ In the national survey, the program that saves 60-year-olds (Program
B) saves more total life-years than the program that saves 200 20-year-olds, provided XB
> 600; Program B saves more life-years than the program that saves 200 40-year-oIds as
long as XB > 400. Even when saving 200 40-year-olds saves only 7,600 life-years, and
saving 6,(X)0 60-year-olds saves 120,000 life-years, 40% of the respondents prefer saving
the 200 40-year-olds. This suggests that, for most of the respondents, life-years saved per
person reeeives a greater weight than is implied by the total life-years saved eriterion.

The faet that 20- and 4()-year-olds are treated similarly suggests, however, that a utility
function such as (10) is more appropriate than (9). To estimate the parameters of (10),
we assume that ij/ — N(ixj,, a^) and use maximum likelihood methods. Pooling data from
the national survey and the Washington poll, the results of mjiximum likelihood estima-
tion suggest that w = 2.6 and (jL̂  = 1.04 x 10"^, implying that the "most preferred" age
at which to save lives is 28 years (see table 9). Table 9 also shows that the mean of p.j, is
lower for men, for blaeks, and for college-edueated persons than for women, members of
other racial groups, and persons without a college education. Persons in the first three
groups thus have higher preferred ages for saving lives than their opposites.

4. Conclusion

The results presented in this article, beeause they rest on telephone surveys, may be
viewed with skepticism by some researehers. We would be the first to admit that rela-
tively brief (12-15 minute) telephone interviews are an imperfect vehiele for eliciting
preferences with regard to choices as difficult as these. Furthermore, there is some
evidenee to suggest that the order in whieh questions were asked had a slight effect on
the responses to our diseounting question.^^

On the other hand, the results reported here reflect consistent responses to our ques-
tions by over 3,(KX) households. Respondents have reacted in a sensible way to the
number of lives saved and the time at which they are saved. Their reasons for preferring
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Table y. Esliniates of ihc iitilily fiinciion for age of persons saved

Mean of i|t

Standard deviation of I|J

N

1.04E-4
(51.2)

6.09E-5
(26.9)

Intercept

Age < 45

Male

Married

Bliick

College degree

Income £ $30,000

Standard deviation of i|;

N

L12E-4
(20.9)

5.42E-7
(0.13)

-1.40E-5
(3.45)
1.39E-E

(0.33)
- S . 8 6 E - 6
(1.86)

-1 .42E^5
(3.22)

- 2 . 2 3 E - 6
(0.51)
5.98E-5

(25.9)
1,299

Note: Figures in parentheses are {f-statistics|.
Source: Washington poll (30 v. 60-year-olds)

National survey (2(1 v. 60 and 40 v. 60-year-<ilds)

to save lives now or in the future, and for preferring to save either younger persons or
older persons, are, for the most part, reasonable.

For these reasons we believe that our findings, although preliminary, have important
policy implications. In evaluating health and safety programs, some government ageneies
express mortality benefits in terms of life-years saved—as did the Fix)d and Drug Ad-
ministration in its Regulatory Impact Analysis of nutritional labelling requirements-
while others do not—for example, the Environmental Protection Agency in its analysis
of the benefits of banning asbestos in certain manufactured products. The results of our
surveys suggest that the age at which premature deaths are averted should routinely be
ineluded as part of Regulatory Impact Analyses.

As for the discounting of lives saved, the Office of Management and Budget has for
years argued that lives saved in the future should be discounted at the same rate at which
costs are discounted. While the economic argument for this is sound, we find it eomfort-
ing that the general public appears to agree with the diseounting of future lives saved,
and, furthermore, that its diseount rate for iife-saving is, on average, equal to its discount
rate for money.
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5. Appendix: statistical methods used to analyze double-sampled data

An advantage of asking dichotomous choice questions rather than open-ended (match-
ing) questions is that the former are easier for respondents to answer (Tversky, Sattath,
and Slovic, 1988). This advantage, however, comes at a eost: Open-ended questions
provide a diseount rate for each respondent. That is, if we know how many persons
Program A must save to make the program equivalent to Program B, we know the value
ofb/a exactly for the respondent, and hence his discount rate. The answer to a choice
question, however, indicates only that the respondent's diseount rate is greater or less
than a threshold amount. For example, if we know that the respondent prefers Program
A to Program B at a given X/Y ratio., all we know is that b/a < X/Y.

The use of double-sampling—an initial dichotomous choice question, followed by a
second question—provides more information than a single dichotomous question
(Hanemann, Loomis, and Kanninen, 1991). For example, if we know that the individual
prefers Program A at X/Y = Z, we can lower the XlY ratio and see if he still prefers
Program A. IfatATy = Zj < Z the individual prefers Program B, then we know that his
bla value lies in the interval (Z^, Z). If he still prefers Program A, we have lowered the
upper bound on his b/a value from Z to Zj. Similarly, if at X/Y = Z the individual prefers
Program B, we would raise X/Y to Z^ to make Program A appear more attractive, in an
attempt to bound the respondent's marginal rate of substitution.

The responses to double-sampling questions ean be analyzed using either parametric
or nonparametrie methods. We deseribe the analysis using parametrie techniques first.

5.7. Parameuic analysis of individual responses to double-sampled data

To continue the above example, there are four possible responses to the pair of questions
eonfronting the respondent: AA, AB, BA, and BB, where "AB" signifies that the respon-
dent ehooses Program A in Question 1 and Program B in Question 2. Suppose that the
respondent chooses Program A when A'/y = ZandwhenX/Y = Zj.The probability that
he does so, assuming that h/a is distributed with cumulative distribution function F, is

(12)

(Z, Z,i) = PT[(b/a) < Z and (b/a) < Z,/]
< Z I (b/a) < Zu] Pr[(6/a) < Z,/]

since, with Z,/ < Z, ?r[{bla) < Z \ {bla) < Z,/] = 1.
Similarly, it ean be shown that

(Z,Zd) = F[Z] - F[Zd]
(Zu,Z) = F[Zu] - F[Z]

. (13)
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In this framework, the log likelihood funetion takes the following form.

+ [I - l{Zj)]l{Z,j)\niTBA(ZupZj)
+ [1 - UZj)] [1 - I(Z,y)l In ^BBiZuj, Zj), (14)

where/(Zy) = 1 if Program A is chosen in Question 1,/(Z(/,) ~ 1 if Program A is chosen
in Question 2 for those that ehose Program A in Question 1, /(Z,y) = 1 if Program A is
chosen in Question 2 for those who chose Program B in Question 1, and; is the subscript
indexing respondents. The parameters of f ( ) ean be estimated by maximizing (14).

5.2. Nonparametric analysis of double-sampled data

If one wants to avoid making an assumption about the distribution of the marginal rate of
substitution between lives saved now and lives saved 7"years from now. a nonparametric
method eould be used to estimate the cumulative distribution function F( ). Following
Kristrom (1990), one nonparametric method of estimating the cumulative distribution
function for bla is to use sample proportions.

In order to explain the computation of sample proportions for double-sampled data,
let Z represent the value of ̂ / y in Question 1. Suppose Z is the same for all respondents.
Further, let

W\ ~ fraetion of sample ehoosing Program A in Question 1 (Stratum 1)
W2 = fraetion of sample ehoosing Program B in Question 1 (Stratum 2).

Suppose that ;?i different values of Z , Z i , Z 2 , . . . ,Zm, are chosen in Question 2. Let n/A
be the number of persons in eell k from stratum /, / = 1.2, and letpik be the proportion
ofthese persons favoring Program A.F{Zk), the value ofthe distribution ofbia at Z^, ean
he estimated by

-^k = iVipik + W2P2k, k = l , . . . , m . (15)

If this sequenee of proportions is monotonic and non-decreasing, then it provides a
distribution-free estimator of the probability of ehoosing Program A.
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Notes

1. While this may seem like an abstract question, it is not. ln 1991, a U.S. Court of Appeals overturned
regulations issued in 19X9 by the Environmental Protection Agency (EPA) governing asbestos-containing
products. Among the court's objections to EPA's regulations was the fact that the Agency had disaiunted
the future costs associated with the regulations but refused to diseount the lives that would be saved by
the rules.

2. One ofthe characteristics of this question is that it is relatively context-free. It does not contain information
as to how the two programs will save lives, other than by reducing exposure to pollution, ln written pretests
of our surveys, discounting questions were posed in the context of specific environmental programs such as
hazardous waste disposal and drinking water cleanup. Unfortunately, respondents" ehoices between pro-
grams, such as incineration of hazinrdous wasle versus land-based disposal, were not well behaved: The
percentage of persons favoring the future-oriented program did not increase as the future-oriented pro-
gram was made more attractive. An examination of respondents' stated reasons for their choices revealed
that qualitative aspects of the programs—e.g., an aversion to incineration—dominated people's answers.
To be able to isolate the effects of the length of the time horizon and number of persons saved from the
qualitative aspects of the programs, abstract questions were used in the telephone surveys.

3. The gain in efficiency from using a double-sampling approach is described in Hanemann, Loomis, and
Kanninen (1991).

4. A complete listing of the questionnaires administered in our surveys is available from the authors upon
request.

5. The remaining respondents in ihe Washington poll were asked the age lrade-off qtiestions described in
section 4 below.

6. We can allow for diminishing marginal utility of lives saved, i.e. UA = "^' ^md t/p = bV: however, we
cannot estimate n separately from z. Question I also prohibits estimating utility functions with an interac-
tion term cXY. In written pretests of the questionnaire, however, we found thai c - (1. and therefore
abandoned more complicated questions (ones in which Program B saved lives today and at T) in favor of
Question 1.

7. Because we used a follow-up question, the likelihood funetion to be maximized is more complicated than
su^ested by (3). Details are provided in the appendix.

8. The appendix describes howp, is computed from double-sampled data.
9. We also examined the effect of altering the order of questions on individuals' response. Sensitivity to the

order of questions is reported in an appendix available from the authors. We also resurveyed some
respondents after the Washington poll lo see how stable responses were over time. The results of this
follow-up survey are also reported in this appendix.

10. In each figure, a Kolmogorov-Smirnoff test of the null hypothesis that the two distributions are equal can
be rejected at the .01 significance level.

11. Debriefing questions were also asked at the end ofthe Maryland poll; however, respondents were given a
set list of reasons to choose from.

12. To relate the responses in figures 1 and 2 to discount rates, recall that each curve in figures 1 and 2
describes (he empirical distribution of z, the rate of substitution between lives saved now and in the future.
For example, the fact that at 7" = 25 and XlY = .2, 5\% of respondents choose the present-oriented
program implies that 5Wc of ail respondents have ; values less than .2 or, equivaiently, discount rates
greater than or equal to .0644. since 0.2 = cxp[ - .0644(25)].

13. An interesting question is how many of these respondents would never choose the future-oriented pro-
gram regardless of how many lives it saved. To answer this question, in our national survey we probed
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respondents who initially chose the present-oriented program program to see if they would ever choose the
future oriented program. H.7% of persons faced with a five-year horizon and 12% of persons faced with a
ten-year horizon said that they would never choose the fuiure-oriented program regardless of how many
lives it saved.

14. Ouantile plots ofthe discount rate distributions in figure 2 suggest that fi is normally distributed.
I?. Formal statislical tests confirm this hypothesis. Kolmogorov-Smirnoll tests of the null hypotheses that the

following discount rate distributions are equal can he rejected al the .05 level: ^(^5) = /̂ <*>io)- /•'(Stii) =
Fi?>25]. F{^2^) = f(()5<i). F(fi.so) = /-""(ftim).

16. The discount rates in table 3 are consi.stenf with the rates at which workers discount future life-years saved.
according to estimates obtained from labor market data by Viscusi and Moore (19S9). The latter range
from 1 to ]4%, depending on the model used.

17. In eliciting income information, respondents were first asked whether Iheir household income was greater
or less than S.'̂ O.tlOO. This was followed by more detailed questions designed lo place the respondent in a
narrower income bracket. Many respondents refused fo answer these follow-up questions: hence, lo avoid
deleting respondents from the analysis, only the initial income question was used.

15. Hausman (1979) uses data on purchases of room air-conditioners lo estimate diseount rates. Depending
on the assumption made about the durability of the air-eonditioners, the mean discount rate is either 15%
or 25%. To infer the discount rate of Navy enlisted personnel, Cylke, Goldberg. Hogan, and Mairs (1982)
compare two reenlistment bonus payment schemes—one where bonuses are paid in annual installments
over the recnlislmeni period and another where the entire bonus is paid lump sum at f he date of reenlisf-
ment. They estimate a discouni rate of 2O'"̂ ( for a four-year horizon when the probability of contract default
is assumed zero.

19. Smoothing was done using Ihc adjacent violator pooling algorithm (Kristrom, I9'X)).
2(1. BeL-au.se each rcsptindcnt answered two dichotomous choice questions, we know only the interval in which

his diseount rate falls, not the discount rate itself. Since two of these intervals arc open intervals, if is
preferable lo use dummy variables rafher than the midpoints of the intervals.

21. As the editor correctly pointed out to us, most people do not know life expectancy at different ages, and we
did nol give them this information in ihe surveys. In that sense, it is unfair to compare Ihe weightings
implied by table 8 with ratios of life-years saved. The weightings implied by the table are. however, so
extreme—saving one 20-year-old is equivalent to saving seven 60-year-olds—that surely they do not corre-
spond to people's beliefs about (he ratio of life-years saved. (That is, most people would helicve that saving
a 20-year-old would save less than 7 times the life years as would saving a 60-year-old.)

22. In the national survey, half the respondents were given the monetary discounting questions first, and half
were given the discounting lives questions first. The intercept of the discount rate function for saving lives
was 0.37 for the lirsl group ;md 0.30 for the second. People who received the disctiunting lives questions
first thus had discount rates that were 20% lower than people who received the monetary discounting
questions first.
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