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WHEN IS A MAN'S LIFE WORTH MORE THAN HIS HUMAN CAPITAL?

Theodore C. Bergstrom

Department of Eccnomics
University of Michigan
Ann Arbor, Michigan 48109

To most people life is exceedingly precious, perhaps even priceless. For many
f

no finite pecuniary payment would compensate for a death Sentence to be carried
out within a year, Few would place a finite price on the lives of their
children, One is tempted to regard decisions about such matters as subject to a

speclal “calculus of che heroic™ which is somehow disjoint frop the petty
decigions usually discussed by economists. Still it is elear that everyone

acceﬁts small risks to his own life and the lives of his lowvad encs iu rerurn tor

small pleasures or small savings of momey or effort, On a grander scale, public

decisiopn-makers must regularly make choices which involve exchanges of economic

goods and human lives. Even the most affluent and humane EOVernment must reject
some expenditures on items such as highway improvement or medical research, which,
though almoot certain to save lives, are "Lov eapeusive™ LOT the amount of good
they do, The necessity of such decisions suggests that even ip "matters of life
and death" there must be a logic of choice and thus a thaory of Yprising the
priceless",

If they intend to make roughly consistent choices, it is hard for policy-makers fo
avoid placing implicit or explicit "prices" on human lives saveq or spent.l A
procedure commonly used in benefit-cost analysis is to appraise a life at the
value of its "human capital" - the expected present value of itg future earnings,
Occasionally, economists have proposed an alternative 'net output” approach.

This approach suggests that the human capital valuation is tog high because it
neglects the fact that dead people do not consume. According to the net output
approach, a life saved should be valued at the expected value of its human capital
less the expected value of anticipated future consumption. Others have suggested
that the appropriate valuation to put on a human life must jn some way be related
to the amount of life insurance that one purchases. All of these concepts have
the advantage of being reasonably amenable to measurement. While jp seems
plausible that each might somehaw be relatad to the appropriate valuacion o place

on saving a life, it is difficult without explicit analysis to knoy exactly how

In this paper we use a simple one-period choice model fo remave some uf le scing
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4 7.C. Bergstrom

from the paradox of pricing the priceless. We show that there is a simply

described, though Iess easily measured concept of the "value of life" that is
appropriate for measuring the benefits or costs of a broad class of public
projects that save or expend human lives. This value can be decomposed in a
sinple way into the direct and pecuniary effects of a change in survival probab-
ility. Tho poswniary offacte, which are tha concequence of the affects of a
change in survival probability on the budget, can be related in a simple way to
the human capital, net output, and insurance measures. We are able to find a
reasonably easily Luterpreted vouditiou va preferences that deterwincs whethex a
man's human capital is too large or too small a value to place onr a life saved.
We argue that the presence of interpersonal benevolence would mot in general imply
that lives saved should be valued more highly than in a selfish world. Finally,
we comsider a model of private safety in which actuarially fair insurance is

unavailable.

This paper is viewed as a contribution to the “subjectivist" theory of valuation
of human life. The subjectivist approach has its roots in insightful articles by
Scholling (1968) and Mighan (1971).  Sems nf tha notisnc of this paper are also
drawn from Bergstrom (1974). Theoretical models which explicitly compare the
value of saving a life to the value of human capital have been studied by Conley
(1976) and Cook (1378}). These papers suggest cuaditiuns sullivient (Lut not
necessary) for the former to exceed the latter. However, Jones-Lee (1978) and
Cook (1978) suggest that these conditions are not particularly plausible.2 The
results of our paper include a necessary and sufficient condition that helps to
clarify on purely theoretical grounds the question "When is a man's life worth
more than his human capital?”.

RATIONAL CHOICE AND THE "PRICELESSNESS OF LIFE" - CONFESSIONS OF A JAYWALKER WHO
WOULDN ‘T PLAY RUSSIAN ROULETTE FOR ANY PRICE

Throughout this scetion we deal with tho cimploct modal that is rich enough tn in-—
form us about preferences toward risk of death. There is only one ordinary
economic good — call it bread. The protagonist is an individual whe will either
die immediately or willl survive ror a cercain fixed amount of tiwe. Briug ea—
tirely selfish, he cares only about the amount of bread which he consumes if he
survives and the probability that he is allowed to live out a full life span.

His preferences, then, are defined over the set of pairs (m,c) where T specifies
the probability that he will survive and ¢ is his consumption of bread if he

survivas,

Here we show that entirely orthodox assumptions about preferences can explain the
behaviour of an individual who subjects his "priceless" life to small hazards.
Suppose that someone has preferences represented by an expected utility function

of the form,

Is Life Worth more than Human Capiral?

U{m,c) = m{c)

Where 71 1s survival pifobibility and ¢ is bread consump:ion:37

4 Assume that u is a
non-negative, continuous, strictly increasing real valued function of c¢ and that
there is a least upper bound b such that u{c) < b for all ¢ > 0. Since u is non-
negative and increasing in c, it is easily seen that U(m,c) ; Tu(e) is a stricely
increasing function of each of its arguments.,

Let this individual be endowed with an initial survival probability 7 and with
rights to consume ¢ if he survives. He will voluntarily accept an exchange that
puts him in the situation (m,c} if and only if Tu(e) > 7u(Z). Since by assunp—
tion ufe) £ b for all ¢ 2 0, this can only occur where 7 > %u(g)/h_ Thus no
amount of consumption would be sufficient to compensate t;e individual for reduec~-
ing his survival probability beleow Tu(c)/b,  On the other hahd, since u is
assumed to be a continuous increasing function of ¢, there is always some small

risk of death which he would accept in return for even a single loaf of hread

It is instructive to draw an indifference curve representing the locus of combin—
ations (m,c) such that mu(e) = Mu(c). Points above the curved line are preferred
to (¥,0) and poinrs Delow are regarded as iufetior.  Notice that the indifference

curve does not cross to the left of the vertical lime on which 7 = Ta(c) /b

c
I
|
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!
|
|
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|
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| T
|
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m
Figure 1|
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To this individual, life is priceless. No amount of bread would induce him to
accept certain death. In fact if Tu(e)/b > 1/6, no finite amount of bread would
compensate him for playing Russian Roulette. Still there are many points, such
as (7 + AT, ¢ + Oc), on the indifference curve in Figure | where a reduction of
An in survival probability is compensated by a finite addition Ac to bread com-
pensation. The rate Ac/Am at which compensation must be paid depends in general
on the size of Aw. The slope of the indifference curve at (7,¢) is just the
limit of such ratios as Am is small. The modulus of this slope is the "marginal
rate of csubstiturinn hatweon curvival probability amnd conoumption™. An individ—
val is willing to make sufficiently small exchanges of consumption and survival
probability so long as -Ac/Am exceeds this marginal rate of substitution, of
course the individual will not be willing to sell all of his survival probability
at his marginal valuation. Thus the “paradox” alluded to in the section heading
is resolved in just the same way that neo—classical demand theory resolves the

problem of (possibly infinite) consumer's surplus.s

A MODEL OF PUBLIC SAFETY - DEATH AND TAXES

Here we discuss a siwple wodel in which public sarety 1s a pure publié good,
Consumers have utility functioms, Ui(“i’ci) = niui(ci) where ui‘(ci) >0, Fach i
has an initial endowment of ki units of bread, If he survives, he will produce
an additional hi units of bread. The government collects ty units of bread from
i as taxes where £ < ki‘6 This leaves him with an after-tax "mon-human" wealth
of vy = ki -t In this simple model, the expected value, ﬂih{ of his earnings
might reasonably be called his "human capital". The govermment spends its total
tax revenue on 'public safety”. We choose units of measurement for public
safery so that each unit of public safety costs one unit of bread. Thus the
total amount of public safety is s = fti. Each consumer's survival probability

is a function "i(s) of the level of public safety.

since bread Is useless ro him 1ir he does nor survive, tne individual wiii want ro
trade any positive after-tax wealth for an annuity. Here we assume that
annuities can be purchased at actuarially fair prices.7 Therefore i will use v
to buy an annuity that pays him wilvi(s) units of bread if he survives and
nothing if he dies. If he survives, he will be able to consume the yield on his
annuity plus the amount of bread, hi’ that he produces. Therefore his consump-
tion if he survives will be,

i W

x )
1 1
T TR T et R M

c

We can define the consumer's indirect utility function in terms of survival prob-

ability and wealth. This is,

O

Is Life Worth more than Human Capital?

vi(ﬂi.wi) Z T, == + h,
i (2)

Congider a small change As in public safety expenditurcs, The resulting change

P N . . - B
in i's survival probability is approximately LAy (s)Asg, Therefore he is willing
to pay an amount of non-human wealth equal to approxXimacely

»

25 (my (23 yudm; " (o) da )
for the increment As, where we define,
av, (7, (s),w,) . v, (7, (s) ,w)

Li('ni(s),ui) = 3"1 a“i 1)

to be i's marginal rate of substitution between surviva)l probability and wealth
A necessary condition for the allocation (ul, s W, 5) of after—rtax wealths and
survival probabilities tv be Pareto optimal is that the sum of individual

marginal willingness to pay for a unit of public safety equals its marginal cost

3ince publie sarery 1is medsured so rhat Irs marginal cost jg unity, this
s
condition is:
L e)wpn, () = 1
i Y4 o S (5)

Let n(s) be the expected number of survivors in the community if public safety is

S Then,

n(s) = i ﬂi(S) and n'(s) = f Wi‘(s). 63

i i ifi i i ' :
Expression (5) simplifies in a useful way if “i (s) is uncorrelated with
ﬂi(ri(a),wi). 1f this is thc caae, then,

Lo one,upm ts) = Ko) &t

(7}
where we define 2(s) to be the mean of the terms li(wi(s)’wi)‘ If (7) holds,
then (5) is equivalent to,

= _ i

He) = oty - ®
But the right side of (8) is just the marginal cost per expected life saved
Therefore if Wi'(s) and Ei(ni(s),wi) are uncorrelated,

then a necessary condition
far Parvacn aprimaliry ic thac the marginal cace of an capecred iire saved equals
the mean of the individual marginal rates of substitutioen between survival prob-

ability and wealth,
A PARABLE AND AN ANSWER TO THE TITLE'S QUESTION

The argument of the previous section implies that for a large class of public
projects, hanafitr—rast analyeis chanld value an evpocted 1ire saved at the mean
%(s) of individual marginal rates of substitution between survival probability

and wealth. For our single period wodel, we can calculate the individual
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marginal rates of substitution by taking derivatives of equation (2). We find
that:
ui(ci)
L (mw) = ;;szzj’* hy - ey 9

or equivalently:

u. (ci) - c.u. '(Ci)

1 1 1
L) e +hy- a0y

Expression (9) decomposes %i(ﬂi,wi) into a direct or "compensated" effect and a
pecuniary effect. The budget constraint (1} can be expressed as ﬂi(ci—hi) =
Therefore ¢y - hi is the change in chesamnunt of non-human wealth needed to sus-
tain the consumption cgas m changes. Stated differently, an increment in
wealth of (ci—hi) Aﬂi will exactly compensate the consumer for the purely
pecuniary effects of the change A"i' The direct effect, or "compensated marginal
Late UL substitution” ia therefore equal to ﬂi(wi,ui) + (ei—bi)_ Fram (@) ws ces

that the compensated marginal rate of substitution is,

ui(ci)

1y

Vi(ﬂi,wi) + (rl—hl) = Ei(ni.wi) - (hi—ci) =

From (11) we see that the compensated marginal rate of substitution will be pos-—
iLive ol wwusuwption ¢, i€ the comsumer prafers the prospect of comsuming £y fo
the prospect of being dead and if he prefers more consumption to less. From {(11)
we also see that this straightforward and plausible condition guarantees that the

marginal rate of substiturion K. (T.,w.) exceeds Llie neL vutput measurs, h, <.
i3t 1 i

In order to discover when Ri(ﬂi,wi) exceeds human capital, hi' we will need more
subtle arguments. From equation (10) we see that the sign of li(ﬂi,wi) - hi is
the same as the sign of ui(ci) - ciui'(ci). A simple mathematical argument shows
that u%(ci) —_Ciuil(c%) > 0 for all < >-0 l; ui(O) >0 anf %f ui(~) is a? %vaty—
whore imecreaeing, strictly concawe funcrion. These conditions are sufficient,
but not necessary for Ei(ni,wi) > hi’ Therefore unless we find them to be
plausibly true, they are of no use. But these assumptions are not very plausible.
Tu see Lhis, imagine suwcune with consumption belew the starvatien lowsl.

Suppose that doubling his consumption would place him comfortably above starvation.
It seems reasonable that such a person would willingly accept a bet in which with
probability one—half he survives and his consumprion is doubled @#ud with prolab-—
ility one-half he dies. But if he is willing to accept such a bet, from the
initial situarion, {T,c) then $Tu(2¢) > Tu(c}. But this is impossible if u(.) is

concave and u{0) > 0.

Conley (1976) and Cook (1978) propose the less restrictive assumption that u(e) is
an increasing comcave function while allowing the possibility that u(e) <0 for

small c. This assumption implies that there is some critical level e * such that

Is Life Worth more than Human Capitql?

- >
u.(c.) - c,u, "(e,) 2 : o h z

1( 1) o ug ( 1) z 0 (and hence Ei(ﬂl.wi) zh;as < = ci*)' Conley asserts

P " :
that the case c; > e * s the general case”. But aside from Conley's proof by
assertion, Conley and Cook are unable to find any Way of verifying or falsifying
this condition other than direct measurement of Zi(w.,w.) and h
i’ i’

Conditions involving global concavity of u(:) do not appear to be helpful in our
search ror independent evidence om the relacive size or £, (7 Jw.) and h,: At any
B itTE it

rate, there is something methodelogically awkward about using such global con-

ditions to derive local information about preferences, In this instance we are
asked to learnm about the choices of people who are pushed to the brink of starv—

ation in order to draw inferences about the behaviour of prosperous people when

faced with marginal adjustments in their enviromment,

Fortunately, there is a sharper, more plausible condition that determines the

relation of Ei(ﬂi’wi) to hi' We will first motivate this condition by a parable.
Imagine a tropical island populated by n identiecal people., There is a fixed
supply of nw units of breadfruit which cannot be augmented by labour It is

known that a proportion 7 of the island population will survive and ex ante each
islander believes hls survival probablliiy Lo be n, Survivors will each receive
w/T units of breadfruit. The utility of each islander must then be T (w/T)

Now a% nu(¥) - u(:) - (:) ul(;) — u(e) = au'(e) whare o — %

Therefore if u{c) - cu'(c) < 0, a small reduction in W woyld increase everyone's
expected utility. If n is large this means that all expected utilities would be
increased if there were a raffle where the unfortunate islander whose name is
selected must forfeit his life while each of the survivors is comforted by a
slightly larger portion of breadfruit. Such dismal circumstances must occasion=
ally occur on lifeboats or in subsistence economies which have somehow become
wretchedly over-populated. On more prosperous islands we would expect to find
that an increase in survival prohahility would benefir avaryenc cven though the

breadfruit must then be divided among more survivors. On sych islands ufed -
s

cu'(e) > 0 and &(mw,w) > h.

On the imaginary island, matters were simplified because there was no human
capital, To find a corresponding condition for an individual with human capital,
consider the following experiment. Let consumer i have nog-human wealth Wiy
survival probability T;» and expected earnings mh;e  Imagine that he is g;ven an
additional endowment of non—human wealth equal to nihi and is forbidden to sell
his labour, He therefore has non—human wealth w# = W, + mhy and no human
capital. With this wealth he could buy an annuity that will give him ¢, = wk/7.
units of consumption if he survives. Thus his utility will be “i"i(w:/;i)' e

Since we suppose w¥ to be independent of ., we have 3/3n, % -
1 i o [ngo; Grg/nJ] -
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ui(ci) - ciui'(ci). Therefore Ei(ni,wi) - hi ig of the same sign as
B/awi[iiu(w{/ﬂiij- This gives us the following condition for deciding whether
li(ni,wi) > hi' Suppose that i exchanged his human capital for non-human capital
of the same expected value, If he is willing to accept a reduction in his
survival probability for no compensation other than a proportionate reduction in
the cost of annuities, then hi > Zi_(ni,wi). If he is unwilling to make such an
exchange then "his life is worth more than his human capital”. This condition is
not so obviously satisfied as the condition for Qi(ﬂi,wi) to exceed hi -ey.  But
it i diffienTt to imagina fhat many peanple in even modestly prospercus circum—
stances would accept an exchange of this kind. This argument, though far from

conclusive, suggests that the answer to the title's gquestion should be "usually™.
SPECIAL MULTIPERIOD MODELS

In a realistic model, there is no uncertainty about whether a person will die, but
thara is nnrartainry ahont whan ha will Aie.  In cuch a modsal, peoplo would have
preferences over probability distributions of the length of their lives and over
their consumption levels at each period of life. Where there are many time
pcriods, there are many iuteresting ways iu which he Liwe prufile of survival
probabilities can be perturbed. We begin this section with a quite general model
and proceed to simplify its structure by a series of special assumptions.ll "In
the process, We are able to glimpse the model at several intermediate levels of

penerality.

.
Let I, be the probability that an individual will survive for at least t periods.
The probability that he survives for exactly t periods is then w, = H: - Hc+]'
Let L be the vector of commodities that he will consume in period t if he sur~
vives for at least t years, An appealing case can be made for representing

consumer preferences over alternative time patterns of survival probability and

consumption by a state dependent expected utility function‘z of the form:

w
I mu (&, vuivs € ). 2)
=y LE 1 t
Since W= Jlt - Jlﬂ_]. (12} could be written equivalently as,
o ~
? Htut(cl’ . ct) (13)
£=1
= - >
,jhere ut(c], ey ct) u\:(cl’ e ct) L (c], cens Ct—l) for t > 1 and
5 (e) 2 v ().
suppose that for any t, a person's preferences over alternative time paths of con-
tingent consumption are additively separable between time periods. Then we can
arice:

Is Life Worth more than Human Capital?

t
[ = (e,
ut( 1 cc) Ft[;zlucl(c)i] 4)
where F_ is a monotone increasing function.

Suppose further that for any t the consumer's preferences over alternative con-
sumption bundles for the first t years of his life would be the same if he knew
that be would live exactly t periods as they would be if he knew that he would
live for t + | periods. Then utility would take the simpler farm:l3

t
splops ser ) —apr e iitni(:i) {15)

for all t > 2,

It would be very convenient if the bc terms were the same for all t. In
addition to the previoys assumptions, a necessary and sufficient condition for
this to be the case is that the distribution of survival probability affecrs
preferences about exchanging consumption in one period for consumption in another
period only insofar as it affects the probability of being alive in each of these
two periods.“‘ If this is the case, then utility takes the Farm:

t
u < v e = + . i)
Lleps se e Iule) (16)
i=1
If we alsv assumwe Lhal prererences are stationary over time in the sense of
Koopmans (1960),

1ot

i
RO a7

R ]

t
i

for some function U(:) and some real number 8 > 0,

From equations (13) and (17) it then follows that expected utility can be

expressed as,

I (d g
EQW) = /T [a,+6"ule,}a, ] sy
where, by convention, a = 0. Define
-z
I =0 {2 -, ). (ro)

Then (18) can be written as:

- I
E(U) = 3D + Tt ). (20)

Let us assume that there is a single consumption good and a constant interest rate
T, Define the expected present value of a person's eﬁrnings to be his human

capical, Inis is denoted by,

o L ot
H(m = I G b, . [¢3))]

Let W be the present value of his after-tax non~human wealth, If be can buy
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actuarially fair annuities, then his budget simply requires that the expected
present value of his contingent consumption plan equals the sum of his human and
non-human wealth. That is:

L It _
MG ¢ = W B, o

We oimplify the analysie furthar hy assuming that the individual's personal rate
of discount § is the same as the market rate of discount i/l+r. Then (22) can be
written as:

et =W+ um. (23)
The consumer therefore chooses contingent consumption for each year so as Lo max-—
imise (20) subject to (23). From the first order conditions equalising marginal
rates of substitution between the ct's to their relative costs in (23), we see

that if preferences are strictly convex then (20) is maximised subject ta (23) if

and only 1r tne ut'n are all eygual tv cach ether. Define,
- Ig ot
G(l) =N 6. 24
@ = 0 (24)
From (23) and (24) wa gae that tha consrant consumption level that satisfies the

budget constraint is:

W+ H(D
c{n : @

From (20) and (25) it therefore follows that the highest utility the consumer can

c =

achieve if the vector of survival probabilities is Il and his non—human wealth is
W ias

VLW = 3 + ccn)uE”———E‘zr([';) . @6
The expression (26) allows us to calculate the consumer's willingness to pay for
any specified perturbation of survival probabilities. The vector Il enters (26)
only through its effects on the three aggregates, H{), ¢(M), and J(I). From its
definition, we see that G(Il) is the comsumer's “discounted expecred longeviiy™.
Stated another way, G{) is the present value of a promise to deliver one unit of
consumption good in each period so long as the individual is alive. The term
J() allows for a variety of possible attirudes toward longevity. For 'example,
if a_ =t for eachtt,_than J() = Eﬂt which is just expected number of years of
life. If & = aiz g%, then J(I = a6(), which would mean that the comtribution
of later years to J{(II) would be discounted at the interest rate. "Risk averse"
or "risk-preferring” attitudes toward gambles in which a small increase in current
harard is evchanged for an increase in later conditional probabilities of sur—
vival can be incorporated by making a_ - a respectively decrease or increase as
t increases.

Consider a postponement of a risk to one's life from period t to period t+l

Is Life Worth more than Human Capital? 13

wicth survival probabilities in other periods being unaltered This t
. amounts to an

increase in Il wi i i
iy |t th all other cumulative survival Probabilities remaining ¢onstant
e consumer's willingnass to pay for such a chan i
" e igs just the margin
substituticn. ginal rate of

_ V(LW . V(LW
L (M = Shpebd  WLW
t A, W 7

Calculating the partial derivatives of V(I,W) and substituting into (27)'w find
a ind:

t -
a-a_ .+ 0U(c)
L (LW = et 7

t -

— + 6 (h —c).

YRS . ) ¢20)

From (26) we could also calculate the effects of other perturbations in survival
viva

probabilities. For example s:
p uppose we vary the amount of "hazard" to which an

fndiv the first period, while leaving conditional probab-
ilities of survival in later periods unaltered.

individual is subjected in

Thie amounts ¢ a proportionave

<hange in all comulative survival probabilicies. Thus if A is the 1 1 of
evel o

bazard, and T is the original vector of cumulative survival probabilitie
Sy

nasd th
indirect utility can be expressed as, .
VOTW) = WAL
(AT, w) c(ln)u[“c(m) + JQAD . (30)

From their definitions, it can be seen that the functiong G(+}, H("), and J(-)
) N . are

all homogeuwwus ol degree une Iin 11, Therefore (30) ecap be expressed as

VOILW = A W ()
(AILW) G(H)UBW + A, (31)

The marginal rata of pubetirution botwéen current hazarg and wealth is th
en !

WOILW) |, VALW _ JUD_+ 6DU(E)

3 W U * ey e

Equations (29) and (32) are easily recognised as eXtensions of equation (9) which
whic]

was derived for the single period model. As, before, these expressions b
can be

P . : .
artitioned into a dircat effcer and & pecuniary effect Our earli 1
D - rlier comparison

between the value of risks to human life and human capital apply here 11
as we -

Usher (1973) and Conley (1976) study stationary, additively separable utilir

functions like our (!7) except that they neglect the terp a and hence the ’
expression J(I) in the expected utility function. Linnerogth {1979) criticised
their formulation as inadequate to register the distinctrian between "1ivin :ee
consume" and the pure pleasure of living. Jones-Lee (1978} likewise exprzsses a

suspicion that this form is unnecessarily limiting. The point of Linnerocoth'
s

and Jones-Lee's argument ran be seen 3f we notica that when J(my
WHH (D)

V(W) = G(H)UJEW . (33)

- o,

If utility took this special form, then any change in Il would affect vtilit 1
y only
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insofar as it affected the pecuniary variahiae human rapital, B(I), and thae cect,
G(Il}, of a unit annuity, As we have shown, the assumption that J(II) = 0 is not
warranted even by very strong assumptions of separability, independence, and
stationarity. In fact, under these assumptions, J(J) can be any linear function,
whatever, of the cumulative survival probabilities, Therefore the misgivings of
Linnerooth and Jenes-Lee are well-founded. We further illustrate this point with

wo exauples.

Occasionally it has been suggested that knowledge of a consumer's preferences
about purely financial gambles might, together with some reasonable assumptions
about separability, allow one to deduce his willingness to exchange wealth for
survival probab‘ility. This suggestion is evidently misguided. It is true that
if the assumptions that lead to the functional farm (17) are justified, than a
fairly reasonable assumption implies that the function U(-) in (17) also serves as
the von Neuman-Morgenstern utility function for bets mot imvolving risk to life.
Thorafovs, Lnovladge of proforcnces abowt auch bets wuuld iuply knowledge of UCe).
The snag is that such knowledge can tell us literally nothing about the function
J(I) and therefore nothing about the marginal rates of substitution between sur-—

vival probabilities and wealth.

Medical decisions frequently require choice between current and furure survival

probabilities, See, for example, Needleman (1976} and Fuchs (1981)., An indiv-

idual’s marginal rate of substiturion between survival probability in year s and

in year t is just JLS(H,W) + Et(ﬂ,w). From (29) it can be seen that ls(l'[,w‘) +
s—t

LALW) = 8 £ e

the case, then future survival probability is discounted at the same rate as the

if and only if a = 28" far all ¢ and some a, If thio io
interest rate. In general, however, there is no reason even with our strong
independence and statiomary assumptivus, Lov Lhe at's Lo be related in this way.
Therefore the intuitively appealing notion of discounting later years of life at
the same rate as later dollars does not appezar to be supported by fundamental

assumptions.,
A CGENERAL MULTIPERIOD MODEL WITH INHERITANCE AND LIFE INSURANCE

Having explored the limits of results attainable by special assumptions, we mnow
examine a general model. As it turns out, most of the results of the special
cases apply in much greater gemerality, So far, our consumers have had no
incerest in their heirs. Now we will allow them an inheritance motive, We will
make no assumptions about separability, independence or stationarity beyond the
assumption that preferences are represented by a state dependent expected utility

function,

We maintain the natation of the previous sections except that . is now inter-—

preted as consumprinn in yanr r hy the indiwidual and hic family if he is alive in

Is Life Worth more than Human Capital? 15
I

year t and ¢ is cuusuwplion by Lis family in year © ir he is deaa 1n year t, An

t
appropriate expected utility representation will then take the form:
@
¢ vee PR N edde 34
Tadg €8s s e )+ tflﬂtut(c]. R NT ) (34)

If he can buy actuarially fair annuities and life insurance, the consumer's budget

constraint is:
®
E]ptﬁ'[tct + (-el] = W+ HAD, (35)

where p. 1s the present cost of goods to be delivered in period t. If we wish to
allow for the earnings capacities of the consumer's heirs we may interpret W as
including the present value of the heirs' after-tax earnings as well as the con-

sumer's after—tax non-human wealth.

Since B = I -1 we can express (34) in terms of the cumulative survival

t t+l?

prohahiliries. This gives uc an ewpasted utiliey Fumctiom:

(36)
)

)ut(cl, vees

(I—Hl)uo(el, PRI een) t tf (M- e Crapr

+

;b el

We define the indirect utility function V(II,W) to be the maximum of (36) subject
to the budget constraint (35).

Let 2 (MW} he defined as in (27). A cimple onvelope theory argument found in
the appendix shows that:

vae) ‘-ut_l(c|, vees S s € ):]

(37)

_ 1
L, (IL,Wy ‘éjE‘t(“]- Ty G By
aw

+ h - (c_-e .
Pe [t (e, ]
Ua alea ahnw in the appondix that the marginal ratc of substitution of prescat

hazard for wealth is:
©

WOLW , WO, . 1
o 3 T ~3_VE£,EIt(c|’ vees ©a €Ly eed)
W

w (38)
Sugles —o e, )]+ EAD - tilpt(ct—at).

Equations (37) and (38), like their counterparts for special cases decompose into
a divect effect and a pecuniary effect. The pecuniary effect of a change in
current hazard appears in (38) as H(I)) - Eglpt(ct—-et). The reason for this is
clear. A piropurilonace inerease In the probability ot survivimg to each tuture
period increases the expected value of human capital at the rate H{(Il), It also
increases proportionately the probability that the consumer's family will consume
¢, rather than e in each period t. The exPEitEd present value of the family's
consumption plan therefore rises at the rate L£|pt(ct_et) as his survival prob-

abilities increase proportionately. This is & cost which must be subtracted from



the gain in human capital in the expression for pacuniary affarra.

We can compare marginal willingness to pay for hazard reduction to net output and
to human capital as we did in the single period model. Let us define a con-
sumer's net output to be his human capital less the difference in the present

value of the family consumption plan with and without his survival. This is

exactly the pecuniary term in (38). Therefore willingness to pay will exceed met
output if the first term of (38) is positive. Now the terms u:(cl' cenr S
€ er® . uo(el, ceer &y ...) will all be positive if, given the family's con-

tingent consumption plan, he prefers surviving for t vears to dying immediately.
The term JV/3W will be positive if more consumption in some period is preferred to
less. Therefore under very weak conditions, marginal willingness to pay for

hazard reduction axceeds net ontput.

There is also a simple extension of the single period comparison of marginal

willingness to pay with H(I[). From (38) we see that:

VALW | dV(ILW) _ R Wt
By S M = [T el e

= t=1

W

(ST )

uo(e], cees €L ...i} -z pt(c]—ct). (39)
t=1

Suppose that this consumer is given non~human wealth equal to W + H(ID) and is left
with no human capital. His marginal rate of substitution between survival prob-
ability and wealth in this situation can be shown to equal the right side of
equation {39). Hig marginal valuatinn af hanard roduction will thoreforce emcced
his human capital if and only if he is unwilling, under these circumstances, to
accept an increased present hazard in return for the net pecuniary benefits due to
the reduction in cost vf actuarially fair aunuicles. In this case, the pecunlary
gain from cheaper anmuities is partly counterbalanced by the pecuniafy loss from

more expensive life insurance.
THE EFFECT OF BENEVOLENCE ON VALUING LIVES

In the model of the previous section we considered the atritude of the head of the
hodsehold toward consumption by himself and by his family and toward alternative
patterns of survival probability for his own life. The model did not treat the
possibility that the survival probabilities of his heirs might also be choice
variables, To do this properly, we need a more explicit model of benevolence. -

The principal issues can be efficiently addressed in a single period model.

It seems plausible that if people are benevolent. more should be spent on saving
lives than the amount that would be appropriate if benevolence is ignored. Tn
fact, Mishan (1971), Needleman (1976) and Jones-Lee (1980) suggest that for the

purposes af waluing lives raved, we chould add te the average of individual

Is Life Worth more than Human Capiral? 17

marginal rates of substitution a term that expresses the valuation that people
place on reducing risks to other people's lives. We argue here that such a
procedure is inappropriate. What has been overlooked in these discussions, is
that typically if ome were benevolently disposed towards others, he would be
interested not only in their survival probabilities, but also in their comsumption.
Suppose taxes are increased to pay for more public safety. If the benefits to
Peter of the extra public safety must include Peter's valuation of increased
safety for Paul, then the costs to Peter of the taxes that pay for increased
saféty must include Peter's regrets for Paul's reduced comsumprion. Tn general,
the net effect of accounting for interpersonal sympathy could either increase or

decrease the recommended level of public safety.
There is a4 nice case where these effects just balance; where despite the presence

of benevolence, the appropriate marginal value of a life saved by public safety is

just the average of private marginal rates of substitution between survival prob-

ability and wealth. Suppose that preferences of each i can be represented by a
utility function of the form:
LACTCTRRTINL XNCRY 40)

where U, is a non-decreasing function of each of its arguments and an inereasing
functio; of ﬂiui(ci). This is the case of pure benevolence. The function
niui(ci) is seen To represent i's privaisw prefevences over nis own survaival prob-
ability and consumption where the circumstances of all other consumers are held
constant. The assumption that each U, is a non-decreasing function of n.uj(cj)
for each j, means that the interpersonal regard ot each individual respects the
private preferences of the others.'”  Suppose that an allocation (ﬁ‘,gl,...,in,

¢ ) of survival probabilities and wealth is Pareto optimal. Then this allocation
wzuld also be Pareto optimal if everyone were perfectly selfish and had the

. To see this, suppose that there is another feasible

utility function "iui( . s P e
allocation (;l,:],...,ﬂn Eﬂ) such that ﬁiui(Ei) > "iu(zg) for all i with striet
inequality for some i. Our assumption that U; is monotonic in its arguments
would then imply that:
Uiﬁlul(i|), v Bu G 1) 2 I ER T fa 7] )

for all i with strict inequality for some i. But this is impossible since the
allocation (%l,gl,-..,%n.gn) was assumed te be Pareto optimal. This proves our
assertion. 1f every Pareto optimm is also a Pareto optimum for the selfish
economy obtained by ignoring bemevolence, then it follows that the necessary
ronditions far Parera optimality in the presence of benevnlenre are the samae ac

those for the selfish economy. But these conditions require us to value a

' marginal life saved at the average of private marginal raies of substitution

Letween survival probkabilitica and wealth. Adding cxtra teiws tu thia valuation
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would lead to inefficiency.
PROVISION OF PRIVATE AND PUBLIC SAFETY WITH AND WITHOUT A PERFECT ANNUITIES MARKET

So far we have assumed the presence of perfect annuities marﬁets. While this is
a natural and useful simplification, it is also a strong assumption and one which
deserves discussion. There are at least three reasons why this assumption is
suspect. These are:
(i) There are real transactions and management costs in the selling of
insurance;

(ii) Tha mot carnings of an iusuLauce cowpany are of necessity random. For
accepting such randomness in their incomes, stockholders of the insurance
company must typically receive a risk premium;

(iii) pifferent {ndividuals may have different subjective probabilities of the
relevant events and hence "actuarially fair" insurance is not even a well-

defined concept.

We follow the usual practice of economic analysis in supposing that the costs
wmentioned in (i) are sufficiently small that our model remains a good approxima=
tion to reality. If the economy under consideration has many people and their
survival probabilities are independent, then the objection raised in {ii) also
becomes minor since the insurance company's total risk when divided among many
stockholdoro becomes negligille fur each. Objection (111) is much more serious.
Very commonly individuals' subjective probabilities of their own survival differ
from the actuarial estimates that life insurance companies make. The cost to an
lusurance company or obtaining reliable information about individual health and

safety practices precludes the possibility that these probabilities be identical,

On the other hand, insurance rates need not be entirely invariant to such measures.

Here we explore one of the many possible models of how prices of annuiries might
be imperfectly responsive to individual survival probabilities. Although the
case treated is rather special, it illuotrates the ispucs at sStake. It is intef-
esting that this wodel preserves the general qualitative results about the
relative size of the human capital and the subjective values of incremental

survival probability which were found in the "pure" case.

Let there be a large number, n, of individuals and a single tradeable commodity,
bread. There is just one time period. Let e; be the consumption of i's Family
if he dies. The probability that i survives is a function ﬁ(qi,s) of the amount
4 of bread that he spends on his personal safety and the amount s of bread spent
by the government on public safety. There is a tatal ctoek of nlk units of Licad
initially available and if he survives an individual can produce h units of bread.
Preferences of i are represented by the utility function:

Tlag. o) + Dw(qi,.:)ju*(ci). az)
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The set of feasible allocations for the society is the set of vectors, (cl,...cn,

e],...en,ql,,..qn,s) such that

- L
f(ﬂ(qi,s)ci + D-W(qi,s):]ei + qi) + 5 = ok + iﬂ(qi,s)h. (43)

Since preferences are idemtical, the Pareto optimum that treats everyone ident-

ically is of special interest. Thus we seek o. &, q, and & ro maximice:
m(q,shulc) + [l—’ﬂ(q,s)]u*(e) (44)
subject to:
4+ wlgaen) + [Inqo]e -k 5, (45)
Define
V0w = max. mule) + (1-mhr(e) (46)
c.e

subject to me + (I1-m)e = w and

Py = & & “n

A bit of computation shows that the first order conditions for Pareto efficiency

can be expressed as:

2@, k-2-3a - “8)
and - N
i@, £~2-4 5%= i (49)

The expected number of lives saved by an incremental expenditure As on public
sarety is n(3amn/3s)as. Therefore condition (48) requires that public safety ex—
penditures should be carried to the point where the cost per expected life saved
is just EE‘(C{,S).W'KI—J- Similarly (49) requires that private expenditures be
carried to the point where the expenditure per expected life saved is
E[Er(q,s) ,w-q:] .
Suppase that each individual nuns the same amannt, k. nf bread and that tha coot
of public safety is shared equally. If for any level of expenditure on private
safety, one can always buy insurance and annuities at actuarially fair rates, then
each individual faces the budget constraint:

T4ag  magsheh) ¢ (amfeg,sie; < E (50)
Thus the constrained maximisation problem faced by each individual is precisely
the same as that which we posed above for finding an equalitarian Pareto optimum.
Therefore, all individuals will agree on a level of public expenditures s and each
will choose the same level of private expenditures q; = a so that the resulting

allocation is Pareto optimal and satisfies conditions (48) and (49) above.

Furtharmara, the valua 0[m(q,e),w—q)] which chould bo placed on the marginal life
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saved due to public safety is just the same as the marginal rate of substitution
displayed by individuals in decisions on private safety expenditures, This
suggests that information about private decisions could be used in a benefit cost

analysis to choose an efficient level of public safety.

If expenditures by individuals om private safety can not be cheaply and reliably
obrorved, it is net rcaconable te suppese that the wust uf annuities will respond
to changes in such expenditures so as to remain actuarially fair, Suppose, for
instance, that the "insurance company" charges everyone the same price for
awnuicies regardless of bis private eéxpenditure on safety and sets irs price so
that "on average" its annuities are actuarially fair. Then if the level of
public safety is s and § = (ql,...,q ) is the vector of private expenditures on
safety, then the average survival probabuxty is Tl(q,s) = I/n 2 n(q.,s) Annuit-
ies will be sold to all comers at price of n(q,s) while the prlce of life in-

surance will be | - T(q,s).

Where the level of public expenditures is s, each individual chooses e;v €, and

dq; 80 as to maximise:

m(q;,8)ule,) + D-Tr(qi,SBx*(ei) (s1)
subject to:
$ra e A e+ -7 sT]e, 2 B (52)

Computation shows that for each i, the first order conditions for this constrained

maximisation problem are:

~ _ am(q,,s)

!LEr(qi,s), E-2oq)n—t— - (53)
- _ _ avr(q ,5)

origg,s, B -2 - q) + 2L (e hee, 5] ——AL " =y, (54)

When i spends more bread on safety, he increases the expected return from his
ennuitics by iucreaviug Lhe likelilwod chat he wiil live to collect it, For the
same reason he reduces the expected return from his life insurance policies.

Since his insurance rates are not adjusted the private return of a dollar spent on
private safety differs from the social recurn by the amount (n—l)/n(ci-hi—ei).
Since e - hi Cey is the difference between the size of i's amnuity and his life
insurance policy, there will be under-expenditure or over-expenditure om private
safety depending on whether one holds more life insurance than annuities or vice

versa.
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APPENDLX J: NECESSARY AND SUFFICIENT CONDITIONS FOR OPTIMAL PUBLIC SAFETY

Here we establish an isomorphism between Samuelson's pure public goods problem and
our formulation of the problem of optimal public safet:)ul6 This enables us to
state a simple comvexity condition that implies that our first-order conditions
are sufficient as well as necessary for Pareto efficiency. It also gives us a
rigaorous demanarvatien of the fivet-owder conditioma derived wwie lufurmally abuve
We establish these results for the model in the section A General Multiperiod
Model,

The Samuelson public goods problem in its simplest form is as follows:

Problem S: Choose an allecation (xl, cees X y) to optimise the vector of
utilities [n SIS F— u“(xn,y)] eubjoet to the comstraint that y + E“i - &
for some k > 0.

First-order necessary conditions for a solution to Problem S are well-known from
Sawuelson (1964). That these conditions are also sufficient, given convex pref-

erences, is proved by Bergstrom (1979). Thus we can state:

Lemma 1: If the functions u,(') are all differentiable and monotone increasing in
xis then a necessary condition for the allocation (x L., X *, y*) to be an
interior solution of Problem S is i du, (x. »y*) /3y + Su (x. *,y*)/Bx =1, If

ui(') is yuasi-concave, cthen this cunulczun 15 also sufflclent.

The problem of finding efficient allocations for our modal of public safety can be

written:

Problem A: Choose an allocation (W ceey n' s) to optimise the vector of in-
direct utilities [6 (H (s), W ), ey V (ﬂ (s), W i] subject to the constraint
> * iwl— k. (Here kK 15 the sum of lﬂltlal holdings of non-human wealth.)

Problem A is seen to be formally equivalent to Problem 5 where s and wi correspond
respectively to y and ®; and where the function Vi(H(s).Wi) carresponds to the
function ui(xi,y) when viewed as a function of the two variables s and Wi.
Therefore the first—order conditions for solving Problem A are found by simple
translation from Lemma 1. Furthermore, we will find conditions under which Vi(-)

is concave in s and NA. This will enable us to establish the following.

Proposition 1: Let V (H (s), W ) be the maximum of tZoﬂlt(s)uit(c“, [ T
«..) subject to the budgat constramt Z P, |_I[ (s)(cit hit) + (I_"ic(s)eit] = wi'
(Recall that . (s) = H. (s) t+|(s) or t > | and ﬂio(s) = l—Hi] (s).) Then
a necessary condltlon for (W LT wn*, 5*) to be an interior Pareto optimal
allocation is :Z (H (s*}, H *)Gﬂ (s*)/Ss = 1; where KA (H.(s*), w.*)

av.(n. (s*), W.*)/BH. + BVA(H. (s*), W, *)/Bw If the funcc:.ons uy ( )} are

quasi-concave, and 1f the func:xons H (s) are concave. and the funcrlnns vy (T, a)

are increasing in I, then this condltlon is also sufficient for Pareto optxmalxty.
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The necessary condition tollows trowm Lemma | and the fact that

& *)/3s + V. (L, (s%), W, * . = *), W.*)3L, (s%
avi(ni(s ), LA )/3s BVl(HI(s ), LA )/BW1 N 1':(II {s*) W, )arit(s )/3s. To
establish sufficiency we need the following results.

Lemma 2: The function V.(H, N,) defined in Proposition 1 is a concave function in

Hi and LA if uy ( ) is quasi-concave for all t.

. = YY) =
r:oor. Let V (I, W) téoncut(cl’ veeg € a0} and V(UI',W")

e Grerr

w(c,', «.i, € ...) where (c,e} and {c',e') solve the appropriate

' '
cZe v eyt i Bgay?
constrained maximisation problems. For any A between zeroc and one, let Gt =
X]'[t/O«Ht + (I—A)HT')and define ct(e) = Btct + (l—et)ct' and et(e) = Btet + (I—B:)
et‘, I (X) = AH + (I-A)H "and W(X) = AW + (I-M)W', Then since (c,e) and

W ,e') satlsfx the budget constraints with (I,W) and (T',W') respectively, it
must be that I p GI () (e (8)-h) + [1—11 (e, )] = A E Rl e th) ¢ (T e,
(=0 z RN (c —h'y o+ (1-11 DeT) < AW + (1MW

Therefui o,

VALY, W) 2 zf(x)u (e,(8), orey e (B, &, (8, ..0)
=0
> (Eo‘nt()\)[é[ut(c], T B G L T T
B

= AV({LW) + (1-A)Y(N°,W).

This proves that V(-) is a concave function

From Lemma 2 and the fact that an inereasing concave function of a concave

function is concave we have:

Lemma 3: If the functions uit(~) are quasi-concave, the functions Hit(s) are con—
cave and the funccions vi(ni'wi) are increasing in Hi. then for each i,
Vi(Hi(s),Hi) is a concave function of s and Hi.

From Lemmas 1 and 3, the sufficiency part of Proposition 1 then follows,

APPENDIX 2: A GENERALISED ENVELOPE THEOREM AND ITS CONSEQUENCES

The expressions for marginal rate of substitution between survival probability and

wealth in the section A Gemeral Multiperiod Model are all simple comsequences of

the following generalised envelope theorem.

Lot £(l,c,e) and g(l,c,=) Le functivus uf the vectur uf “parazmececs” 01 and ihe
vectors of "decision variables", (c,e). Define V(I,W) = max. {£(M,c,e,) l (c,e)
>0 and g(l,c,e) s W} If £(-) and g(:) are differentiable funetions and if the
feasible set {(c,e) > U | gtl,c,e) £ W 1s non-empty and compact, then (subject to
a comstraint qualification) 3V/3M_ = 3 (W,c,e)/all, - sg(l,c,e) /ol (BV(IL,E,a)/ W)

where ¢,e solves the unconstrained maximisation problem at I, W,
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The proot ot this theorem is an entirely straightforward extension of the well-
known proof of the standard envelope theorem which would apply if Bf(H,E,g)IBHt -
0. Equations (37) and (38) are immediate results of this lemma where £(-) and

g(-) are defined by equations (36) and (35) respectively.

FOOTNOTES

The research for this paper was begun at the NBER, west, and continued at the
Hoover Institute under the National Fellows Program. It was completed at the
Austialiou Nativual Uuiversity. T am grateful ful suggesrions and encouragement

from Professors Jack Hirschleifer, Victor Fuchs, Robert Willis, and Sherwin Rosen.

1. This point is cleverly and persuasively argued -by Thomas (1972).

2. Conley (1978) in reply to Jones-Lee suggests that it is inappropriate to
judge his theory on the plausibility of ite assumptious, Rather, he argues
that his model is validated bv the accuracy of its predictions. The
“"predictions"” referred to are evidently that the subjective value of human
life exceeds human capital. This argument seems to be a thoroughly mis-
conceived application of Chicago positivism, The difficulty is that there
are as yet no really persuasive estimates of people’s valuations of risk to
numan life. The direct evidence is fragmentary at best. {See Blomquist
(1981).) IL is fwur precisely Luis reason cthat {t is of interest to use
theory to see whether other independently verifiable propositions imply a
relation between the value of a life and the value of human capital. Such
conditions are of interest only if their plausibilicy can somehow be
evaluated.

3. With slightly more apparent generality we could write U{m,c) = mu(lc) + (1-7)
u* where u* is the "utility of being dead"; But then where ;(c) = ufc) - u*,
the above is equivalent to U(m,c) = u* + Tu(e). Since the utility repres—
entation of preferences is unique only up to positive monotone transformat-
ions, these same preferences could also be represented by w;(c). Thus
there is no real gain in generality over assuming that U(m,c) = wu(c) in the
first place.

4. More generally we could allow u{ec) to take negative values for sufficiently
small c. At such low levels of consumption the individual would prefer
dying te surviving.

5. In fact, the analogy to Adam Smith's celebrated "diamond-water paradox” is
close. When a consumer's total water consumption is valued at his marginal
valuarion, che “value' of his water consumption is relatively small. On
the other hand, the cost of inducing him to give up water altogether might
well be infinite.

6. The tax discussed here is viewed as a tax on non-human capital which is
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cullected whedher Or not the consumer survives, All of our main qualit-— 1he Fuormally we assuse che fullowing. Let © ana e’ be two rime paths of con-
ative results are unchanged if we allow a tax on human capital which is sumption that differ only in periods s and t. Suppose that when the vector
collected enly if the consumer survives. of cumulative survival probabilities is (Hl, P Ht’ ...), the consumption
Since this is a model of public safety, it is reasonable to assume that s “path ¢ is preferred to c'. Let (Hl” e Ht" -) be anocher vector of
and the survival rates Ji(s) are public knowledge. Therefore, to assume survival probabilities such that Ht = Ht' and ns = Hsl'. Then the consump-
the availability of actuarially fair annuities seems more reasonable than to tion path ¢ uill also be preferred to of when the cumulative survival prob-
agsume that amnuity prices do not respond to s. 1In a later section, we abilities are (Hl" o Htl’ seede

consider a model of private safety in which inﬁividual precautions are not To see that this condition is sufficient for the representation (16), ob-
public knowledge and where actuarially fair imsurance ig nar awail akla, serve that if urility ]'s of the form (13), then expected urility can be
From (1) we see that h; - ¢, may be positive or negative depending on wiltten' l:“t[a AL ): et (e; )] PN thut(CF) where we deflnt?, Ye =
whether tax ohllgat1ans c are greater or less than non-human capital k . iE ﬂlhl If the bl s are not all the same, then it is always possible to
This result ie alsa gmh’d hy Cool (1978). change the survival probabilities in such a wav as to change the ratio e
In fact if we were to try to investigate whether u(-} is concave at very low ¥ Ts vithout changing either Ht °or HS‘ Therefore it would be possible to
levels of consumption or to determine the smallest amount of consumption change preferences between c and ¢' without changing Ht or Hs where ¢ and
that io better than Leiug dead, we would need to puild a multiperiod of diffar asly in parieds e and & TE followe that the assumcd C°nditi?n
“theory of misery" in which the technology of gradual starvation was ex- implies that the bt's in (15) all be the same. Without loss of generality
plicitly recognised. we can set them all equal to unitry. The converse result that the
Consideration of inheritance motives is postponed to the next section. functional form (16) implies our formal condition is 2 matter of straight-
Other multiperiod models have been studied by Conley (1976), Jones-Lee and fofuard ver1fica?ion‘ . R

Poncelet (1981) and Arthur (1981). Arther's paper is particularly 15, This assumption is analysed in soée detail in BeTgstrom (1970% and (1971).
interesting since he embeds the individual decisions in a steady-state 1o, Dréze and Vehez (1981) also exploit the observation that public safety can
growth model. be treated as a pure public good.

Satisfactory foundational axioms for state=-dependent expacted utility theory

can be found in Luce and Krantz (1971) or Balch and Fishburn (1974) .  For REFERENGES

our application, the main idea is that events are chosen so as to partition (1) Arthur, W.B. The Economics of Risks to Life, American Economic Review 71
all possible outcomes. Prefarences ara dafinad nver lottories that imelude (Maych 1081} S4—64.

as "prizes" both a specific length of life and a time pattern of consumption. (2)  Balch, M. and Fishburn, P.C. Subjective Expected Utility for Conditiomal
With the prizes thus defined, the theory becomes isomorphic to a model of Primitives, in: M, Balch, D, McFadden and S. Wu (eds), Essays on Economic
stare independant axpacted urility thoory. The slaudard assumprions or Belavivs Undes Uncerialuey (american Elsevier, New York, 19/4).

expected utility theory seem as reasonable when applied to the model thus (3)  Bergstrom, T.C. A 'Scandinavian Consensus' Solution for Efficient Income
recast as they do in its usual application. The functional form of the Distriburion Among Non-Malevolent Comsumers, Journal of Eccnoml.c Theory 2
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1. THE THEORETICAL BASIS - WILLINGNESS TO PAY

Individuals continually made decisions which reveal that they are willing to make
exchanges between their own health and safety and other desirables which make life
worth living. People give up nutritious but bland diets for tasty food and drink
which tend to increase weight and blood pressure. They give up comfortable,
secure dwellings for skiing and climbing in the mountains and accept the
accompanying risks to life and limb, To gain better health and safety, people
devote time and effort to physical conditioning, which for some means enduring
discemfort and boredom. They will travel great distances, wait for hours, and
pay high fees to get the medical care they feel is warranted even when the
suspected diagnosis is rot life threatening.

Societies, too, continuzlly make decisions which demonstrate that collectively
peopls are willing to mske exchanges between health and safety and other natiomnal
goals, War is a striking and, unfortunately, frequent reminder of the sacri-
fices made in the name of patriotism and freedom. Fxploration of new

territories on earth and in outer space and research and development with
substances and organisms which are only partly understood can imvolve risks to
‘life, To promote improved healthr and safety, societies often devote considerable
resources through medical researci, traditional public health programmes and
(social) regulation to promote safer work, travel and natural environments,

A fundamental difference does exist between the exchanges made by individuals and
sociezies,  Within limits the individual is free Lo consume and live as his
income and personality allow and :0 make his own decisions about his health and
safety. However, the public budget can be readily changed through taxation
(subject to the national political process and the total mational resource
endowment) . Typically public servants must decide which and how much of other
national goals and/or how much of individual consumption will be exchaaged for
public health :nd safety programmes. Inescapably, society mist deal with how it
will value the physical benefits of these programmes; it must place finite values
on life and safery,! Since a preponderance of public health and safety
programmes invelves improving an individual's probability of living by a small
amount, it is with the values of these small increments that policy-makers
typiczlly have dealt. In the past analysts recommended valuzs based on some
variant of the potential beneficiaries' future labour earnings. After decades of
concern about empirical estimates based on foregone zarnings, the last several
years have beer spent developing the theory for valuing life and safety. These
developments which were initiated by Schelling (1968) and Mishan (1971) are
distinguished from foregone earnings by emphasis on the individual beneficiary's
willingness to pay for improvements in his own health and safety rather than on
production capacity, While Linnerooth (1979) has reviewed the recent theoretical
models, this paper considers the growing body of associated enpirical research on
values of life. '
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