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Evaluating Programs That Save Lives 

(Maureen Cropper, Universitl, of Maryland and Resources for the Future, 

presiding) 


Discounting Human Lives 
Maureen L. Cropper, Sema K. Aydede, and Paul R. Portney 

Over the last twenty years, economists have taken 
a strong interest in the evaluation of programs 
that save lives. The almost exclusive focus of 
their research, however, has been ascertaining 
individuals' willingness to pay for marginal re- 
ductions in annual mortality risk or, conversely, 
the compensation individuals would require to 
bear added risk (Jones-Lee, Mishan). 

While it is critically important to understand 
the valuation of slight changes in mortality risk, 
it is not the only issue concerning life saving 
that merits attention. Frequently, for example, 
regulatory agencies are reluctant to assign dollar 
values to reduced mortality risks; instead, they 
evaluate life-saving programs solely on cost-ef- 
fectiveness grounds;-that is, they rank programs 
on a cost-per-life-saved (CPLS) basis. This raises 
a particularly thorny question, however, when 
different programs save lives at different times. 
For instance, imagine two regulatory programs 
that would cost society the same amount to un- 
dertake, one of which would save ten lives im- 
mediately, the other ten lives but only after fifty 
years (to make matters simple, assume the life- 
years saved are identical, too). Do both pro- 
grams have the same CPLS? Or, should the lives 
saved by the latter program be given less weight 
(implying a higher CPLS) because they are more 
distant? A recent and heated dispute between the 
Office of Management and Budget and the En- 
vironmental Protection Agency revolved in large 
part around this seemingly arcane question. 

The general issue in this debate, and the sub- 
ject of this paper, is individuals' marginal rates 
of substitution between lives saved at different 
points in time. By interviewing random samples 
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of individuals and confronting them with choices 
between hypothetical pairs of life-saving pro- 
grams, we infer marginal rates of substitution 
for lives saved at different times. Among other 
things, we are interested in whether these rates 
differ for different horizons or are constant, 
whether they vary systematically with individ- 
uals' socioeconomic characteristics, and whether 
at least some individuals disregard altogether lives 
saved beyond some future date. 

Estimating Marginal Rates of Substitution 
for Life Saving 

To measure the number of lives saved in the fu- 
ture that are equivalent to saving one life today, 
we confronted people with questions such as the 
following: 
Question 1 

Without new programs, 100 people will 
die this year from pollution and 200 
people will die 50 years from now. The 
government has to choose between two 
programs that cost the same, but there 
is only enough money for one. 

Program A will save 100 lives now. 
Program B will save 200 lives 50 years 
from now. 

Which program would you choose? 

Two points about the question deserve em-
phasis. First, it is deliberately abstract. What each 
program will accomplish is vague, except that 
it will reduce pollution and, thus, save lives. The 
purpose is to focus attention on the timing of . -

lives saved, rather than on the cause of the deaths 
avoided. In pretests we found that references to 
real-world programs such as Superfund clean- 
UPSand waste caused people to 
focus on these aspects of the question rather than 
On the nulnber iflives saved and the time at 
which were saved. 

Second, the question asks the respondent to 
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put himself in the role of a social decision maker, 
rather than asking him to make decisions from 
a more selfish viewpoint. The fact that the re- 
spondent may benefit from Program A but not 
from Program B (depending on his age) may, 
however, influence his responses. We return to 
this issue below. 

In analyzing responses to our question, we as- 
sume that the respondent receives utility U, = 
aX from Program A and U ,  = bY from Program 
B, and chooses Program A if 

(1) aX > by; which implies b/a < x/Y;' 

where b/a is the fraction of a person saved to- 
day who is equivalent to saving one person at 
time T, or the marginal rate of substitution be- 
tween lives saved today and time T .  

We assume that there is a distribution of b/a 
values in the population, F(b/a), and wish to 
estimate it. If b/a is a random variable, the 
probability that a randomly chosen person pre- 
fers Program A to Program B is 

A simple way to estimate the distribution of 
marginal rates of substitution is to face ni people 
with a given ratio of X/Y, (X/Y),, and to record 
the number of persons in cell i who favor Pro- 
gram A. The proportion of persons in the cell 
who favor Program A,  p,, is an estimate of the 
value of the cdf at (X/Y), F[(X/Y),]. A non-
parametric estimate of the distribution of (b/a) 
is obtained by plotting p, against (X/Y), for var- 
ious (X/Y); ratios. 

Testing Discounting Hypotheses 

In addition to examining the distribution of mar- 
ginal rates of substitution for a given horizon, 
we are interested in seeing how these change as 
the horizon changes. Because the number of 
persons who must be saved at T presumably in- 
creases with T ,  the distribution of b/a should 
shift to the left as T increases. One hypothesis 
we are interested in testing is whether the dis- 
tribution shifts in a manner consistent with con- 
stant exponential discounting. If people dis-
count future lives saved at a constant exponential 

' We can allow for diminishing marginal utility of lives saved, 
i.e., ti, = a x "  and tiB = by"; however, we cannot estimate n sep-
arateiy from b / a .  Question I also prohibits estimating utility func- 
tions with an interaction term cXY. In written pretests of the ques- 
tionnaire, however, we found that c = 0 and therefore abandoned 
more complicated questions (ones in which Program B saved lives 
today and at T )  in favor of question I .  
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rate, the marginal rate of substitution between 
lives saved now and at T may be written 

hence, there is a one-to-one correspondence be- 
tween the marginal rate of substitution b/a and 
the discount rate 6. The hypothesis that persons 
discount at a constant exponential rate can be 
tested by seeing whether the distribution of 6 
shifts with T. 

Constant exponential discounting implies that 
the discount factor applied to a life saved at T 
= 100 to discount it to T = 50 is the same one 
applied to a life saved at T = 50 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 discounting 
of monetary payoffs (Horowitz, Lowenstein, 
Thaler, Winston and Woodbury). In terms of the 
present example, this literature has found that 
the discount factor used to discount lives from 
T = 50 to T = 0 is greater than the discount 
factor used to discount lives saved at T = 100 
to T = 50, suggesting that the discount rate falls 
over time. 

We examine the possibility that people dis- 
count lives saved at a nonconstant exponential 
rate by assuming that the discount rate 6 de-
clines linearly with time, 

This implies that b/a is of the form 

To capture heterogeneity in preferences, we as- 
sume that a is a random variable that is inde- 
pendently and identically normally distributed 
in the population with mean p, and variance a:; 
p, the slope of the discount rate function, is as- 
sumed identical for all persons. Given variation 
in T across respondents, pa, aa,and p can be 
estimated by maximum likelihood methods. 

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 them-
selves in choosing among life-saving programs. 
Individuals with may be fu-
ture-oriented (have lower discount rates) than 
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those without, although people with children may 
consider it more important to protect their chil- 
dren when they are young than when they are 
old. Accordingly, we allow pa to depend on re- 
spondent characteristics. 

Public Preferences for Saving Lives 

The discounting results presented here are based 
on telephone surveys of households in Mary- 
land, the District of Columbia, and northern 
Virginia conducted by the University of Mary- 
land Survey Research n enter.^ In November 
1990, approximately 1,000 Maryland house-
holds were asked questions similar to question 
1. For half of the sample the time horizon for 
all questions was 25 years. For the other half, 
it was 100 years. A double-sampling strategy 
was used. Each respondent was asked which 
program he preferred, assuming that Program A 
saved XI lives and Program B Y, lives. Persons 
choosing Program A were randomly assigned a 
value of Y greater than Y, and asked to repeat 
their choices. For persons initially choosing 
Program B, the choice between the two pro- 
grams was repeated with a randomly chosen value 
of Y less than Y , .  Respondents who selected the 
present-oriented program in both instances were 
asked the reason for their choice. 

In March 1991, approximately 600 house- 
holds in the Washington, D.C. area received 
questions similar to Question 1. A double-
sampling strategy was again used. Each house- 
hold was randomly assigned one of ten XIY val- 
ues and asked to choose between Program A and 
Program B, assuming Program B would occur 
in fifty years. The question was repeated, hold- 
ing the XIY ratio constant, with persons who 
chose Program A being confronted with a 25- 
year horizon and persons who chose Program B 
being confronted with a 100-year horizon. 

Raw Data 

Figure 1 shows the proportion of respondents in 
the Maryland Poll who favored saving lives in 
the present as a function of the ratio of lives 
saved in the present to lives saved in the future 
(X/Y). For each horizon, the proportion of those 
favoring the present-oriented program increases 

A detailed descr~ption of the sampling strategiea and sur\!ey in- 
strumenta ia contained in the appendices, available frorn the authors 
upon request. 

with XIY. Furthermore, the proportion of those 
favoring the present-oriented program is higher, 
holding XIY constant, the longer the horizon .' 

Two features of the distributions are notable. 
First, when the number of lives saved at T is 
less than or equal to the number of lives saved 
today, about 10% of respondents still favor the 
future-oriented program: about 10% of our re- 
spondents have-negative discount rates. At the 
other extreme, approximately 40% of the re-
spondents choose the present-oriented program 
as XIY approaches 0. There are two possibilities 
here. One is that while these invididuals may be 
willing to trade lives saved at T for lives saved 
in the present, they simply require more lives at 
T to switch to the future-oriented program than 
the maximum number in the survey .' The other 
possibility is that these individuals have lexi- 
cographic preferences: they would choose the 
present-oriented program no matter how many 
lives were saved in the future. One reason for 
this is the belief that technological improve-
ments will enable future lives to be saved any- 
way-there is no need to make a trade-off. 

To try to distinguish these responses, we asked 
persons who chose the present-oriented program 
(Program A) in both questions why they did so: 
47% indicated that it was because "lives in the 
future will be saved some other way," suggest- 
ing that they would always choose to save lives 
today. We present results with and without these 
respondents, on the grounds that it is not mean- 
ingful to compute a marginal rate of substitution 
for persons unwilling to make trade-offs. 

Further evidence of lexicographic preferences 
is provided by the Washington Poll. As indi- 
cated in appendix D (available from authors), 
the proportion of persons favoring the present- 
oriented programs in that survey remained vir- 
tually constant at .44 as the number of lives saved 
f i f t i  years hence was increased from 1,000 to 
15,000. To probe the reasons for this we asked 
persons who continued to choose the present- 
oriented program with T = 25 why they did so. 
Thirty percent said that improvements in tech- 
nology would make it possible to save future 
lives as well as current ones, implying that i t  
was unnecessary to make a trade off between 

' Although the two distributions cross at X / Y  = 0.9,  the null 
hypothesis that they are identical can be rejected (at  the .05 level) 
in favor of the alternative hypothesis that the distribution for T = 
I00 liea to the left of that for T = 25 uaing the Kolmogorov-Smir- 
noff test 
'When T = 25, the maximurn Y = 3.000; when T = 100, the 

maxlrnurn Y = 7.000. 
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P (Save 
Lives 
Today) I 

0.00 
1 1 1 1 1 1 1 1 ~ 1 1 1 1 1 

0.0 0.2 0.4 0.6 0.8 

Figure 1. Ratio of lives saved 

current and future lives saved. We report results 
with and without these responses. 

Do People Discount at a Constant Exponential 
Rate? 

Table 1 presents the discount rates implied by 
the Maryland and Washington Polls under the 
assumption that people discount future lives saved 
at a constant exponential rate. The mean and 
standard deviation of 6 were estimated for each 
horizon, assuming that S is normally distrib-
uted. 

The results show clearly that the mean dis- 
count rate falls as the horizon increases: Based 
on all responses, the mean discount rate is ap- 
proximately 8% for a 25-year horizon, 6% for 
a 50-year horizon, and 3% for a 100-year ho- 
rizon. Tests of the equality of mean discount rates 
based on the assumption that 6 is normally dis- 
tributed allow us to reject the null hypothesis of 
constant exponential discounting. 

We are also able to reject the hypothesis, pro- 
posed by Harvey, that people discount lives at 
a constant relative rate. According to Harvey's 
hypothesis, the factor applied to lives at T, to 

, , , 1 1 , , 1 1 1 , , , , , I I I I I I , 

1.0 1.2 1.4 1.6 1.8 2.0 
Ratio of Lives Saved Today to Lives Saved at T 

(xn) 

discount them back to TI is 

(6) bla  = (TIIT,)', 

implying that the discount factor used to dis- 
count lives saved from T = 100 to T = 50 will 
be identical to the discount factor used to dis- 
count lives saved from T = 2 to T = 1. 

To see exactly how fast discount rates fall over 
time, we estimated the model of equations (4) 
and (5), in which the yearly discount rate falls 
linearly. The results of estimating this model for 
the Maryland and Washington polls are pre-
sented in table 2. Examining the models without 
covariates, the mean discount rate is 8.7% in 
year 0,  5.2% in year 50, and 1.7% in year 100. 
If persons who believe that future lives will be 
saved some other way are removed from the 
analysis, S(0) = 7%, S(50) = 3.5%, and S(100) 
= 0%. We consider the implications of these 
results in the conclusions. 

Heterogeneity in Discounting Behavior 

Our emphasis thus far has been on mean dis- 
count rates. Table 2, however, shows that there 
is considerable heterogeneity in discount rates. 
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Table 1. Parameters of Discount Rate Distributions Assuming Constant Exponential Dis- 
counting 

Model 25 years 

Length of Horizon 

50 years 100 vears 

S Normally distributed 
(all respondents) 

Mean of 6 

Standard deviation of 6 

N 
6 Normally distributed 
(some res~ondents deleted) 

Mean of 6 

Standard deviation of 6 

N 

Source: Maryland pol1 (T  = 25 and T = 100); Washington poll (7= 50) 
Note: It-statistics appear in parentheses. 

The standard deviation of a ,  the intercept of dis- 
count rate function, is almost as large as the 
mean, indicating substantial heterogeneity in 

Table 2. Estimates of Discount Rate Func- beliefs. The mean discount rate also varies sub- 
tion S(t) = a - fit, a = Xry stantially with respondent characteristics. In all 

cases the discount rate is higher for nonwhite 
Some respondents than for whites, and higher for older 

All Respondents respondents than for younger ones. Respondents Res~ondents Deleted 
with children under the age of 18 also have higher 

Po discount rates than persons who do not. 
Each of these results seems reasonable. That 

P blacks have higher discount rates than whites has 
been found by other researchers (Leigh; Kurtz, 

g e  


Spiegelman, and West). We note that this result 
N is robust to the inclusion of income in the dis- 

count function and interpret it as reflecting shorter 
Yo planning horizons for blacks than for whites. If 
Age (yeas)  the likelihood of benefiting personally from a 

life-saving program influences responses, then 
Male it is reasonable that older persons would dis- 

count future lives saved more heavily thanChildren 5 18 at home 
younger persons. This is also reasonable behav- 

White ior for persons with children, assuming that they 
are more concerned with their children's welfare 

College degree as children than as adults. 

Married What is perhaps surprising is that income (in- 
come s: $30,000) and education (college de- 

Income 5 $30,000 gree) have no effect on the discount rate. Re- 
call, however, that what is being discounted here 

P are anonymous lives saved. There is no com- 
a<, pelling reason why low-income persons, who 

have been found to discount monetary rewards 
N more heavily than high-income persons (Haus- 
Source: Maryland poll. man, Lawrance), should discount anonymous 
Note: t-statistics1 appear in parentheses lives at a higher rate. 
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Conclusion 

The results we have presented focus on choices 
between life-saving programs over long hori- 
zons: 25, 50, and 100 years. One of our most 
striking findings is that, over horizons as long 
as these, a significant share of respondents seems 
unwilling to choose any future-oriented pro-
gram, primarily because they feel society will 
find a way to save people in the future anyway. 
Along with confidence in technological prog- 
ress, respondents who wanted to save lives to- 
day cited uncertainty about the future as a rea- 
son for being present oriented. 

Even if we eliminate respondents who feel that 
it is unnecessary to make a trade-off between 
lives saved today and in the future, discount rates 
for life saving seem high: Assuming constant 
exponential discounting, the mean discount rate 
is 6.5% for a 25-year horizon and 2.7% for a 
100-year horizon. This finding also reflects the 
fact that people do not discount at a constant 
exponential rate, a finding consistent with re- 
sults obtained by Thaler and others in the con- 
text of discounting monetary payoffs. If dis- 
count rates are computed under the assumption 
that they vary with time, the mean annual dis- 
count rate is 7% today and 0% in 100 years (af- 
ter eliminating the "have-their-cake-and-eat-it-
too" respondents). 

For several reasons, our conclusions must be 
interpreted cautiously. First, our results were 
obtained during relatively brief telephone inter- 
views, which may not be the best way to get 
people to think reflectively about difficult is- 
sues. Second, despite our probing in focus groups 
and pretests, we have not been able to explore 
in great detail why respondents answer the way 
they do. 

In future work we intend to investigate this in 
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more detail and also to explore people's dis-
counting behavior over shorter horizons. In ad- 
dition, we will examine individuals' preferences 
for saving persons of different ages, for exam- 
ple, 30-year-olds versus 60-year-olds . While such 
trade-offs are clearly difficult, public officials 
must make them all the time. 
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