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Abstract

In the expected-utility theory of the monetary value of a statistical life, a well-known result found by Pratt and
Zeckhauser [1996] asserts that an individuals’ willingness to pay (WTP) for a marginal reduction in mortality
risk increases with the initial level of risk. Their reasoning is based on the so-called “dead-anyway effect” which
states that marginal utility of a dollar in the state of death is smaller than in the state of survival. However, this
explanation is based on the absence of markets for contingent claims, i.e. annuities and life insurance. This paper
reexamines the relationship between WTP and the level of risk under more general circumstances and establishes
two main results: first, when insurance markets are perfect, for a risk-averse individual without a bequest motive,
marginal WTP for survival does increase with the level of risk but this occurs for a different reason, namely an
income effect. Secondly, when the individual has a bequest motive and is endowed with a sufficient amount of
wealth from human capital, the effect of initial risk on WTP for survival is reversed: the higher initial risk the
lower the value of a statistical life. In the imperfect-markets case we interpret this result as a “constrained-bequest
effect”.
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1. Introduction

The expected-utility foundation of the (monetary) value of a statistical life is based on
the seminal contributions by Jones-Lee [1976, chapter 5] and Rosen [1988] or, more re-
cently, Johansson [1996, 2002]. A key question in this literature is how this value, i.e. the
willingness to pay (WTP) for small increments in the chance of survival is influenced by
the characteristics of the person under consideration, in particular by his (bequeathable or
non-bequeathable) wealth and the initial value of the mortality risk. This question is of
significant policy relevance because in most practical applications, marginal WTP of the
exposed persons can not be directly observed but must be inferred from e.g., questionnaire
responses of a different population, which is often much less exposed. If there is a systematic
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relationship between WTP and the level of risk, then such an inference may be unwarranted
if the results are not appropriately corrected.

The current state of knowledge on this question is based on a paper by Pratt and
Zeckhauser [1996] who claim that an individual’s WTP will be monotonically increasing
in the initial level of risk due to a “dead-anyway” effect (henceforth: DAE).! This means
that if marginal utility of a dollar when dead (or marginal utility of bequest) is lower than
marginal utility of a dollar when alive (or marginal utility of consumption), then increasing
the mortality risk reduces the expected marginal utility of a dollar and, thus, increases WTP,
defined as the marginal rate of substitution between the chance of survival and wealth.

However, this explanation may be simplistic because it is explicitly based on the com-
plete absence of contingent-claims markets (i.e. annuities and life insurance)? where the
individual can trade wealth across different states of nature and thus equalize marginal
utility of wealth. It is a priori unclear whether this result will hold in a world of perfect
contingent-claims markets. The present paper is devoted to a thorough theoretical analysis
of the determinants of WTP for small increments in the probability of survival under various
circumstances. The main question to be answered is what set of assumptions is required for
the positive effect of the level of risk to hold, and under what reasonable assumptions we
might get a different result. Moreover, we shall examine whether the intuitive explanation
given by Pratt and Zeckhauser with reference to the DAE always applies.

The paper is organized as follows. Section 2 introduces the basic model without a be-
quest motive and distinguishes between three organization of the insurance market: perfect,
imperfect and non-existent. Section 3 adds bequests and Section 4 summarizes the findings
and compares them to the available empirical evidence.

2. The model without a bequest motive
2.1.  The general case

We consider an individual whose utility #(c) is a positive and strictly increasing function
of her consumption ¢ provided she stays alive, i.e. u > 0, u’ > 0. With zero utility (and zero
marginal utility of consumption) assigned to the state of death, the expected utility of the
individual is

EU =7 - u(c), (1)

where 7 is the probability of survival. The individual’s budget is composed of survival
income H, which is lost upon death, and bequeathable wealth V. Survival income includes
human capital and annuities that already exist at the time the individual reveals her willing-
ness to pay for an increase in survival probability. In the insurance market, p(rr) is the price
of the annuity which will depend on the organization of the market. On a perfect market, the
survivors are offered fair tontine shares, i.e. p() = 7, p’(w) = land p”(;r) = 0, see Rosen,
[1988].3 The other extreme is a non-existent insurance market where p@)=1, p'(m) =
0 and p”(;r)=0. In the general case, p(w)>m, p’(r) >0, while p”(;r) can have any
sign.
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Individuals then will trade their total non-human wealth V for a contract which pays
V/p(r) in case of survival. Thus, the surviving individual faces the following budget
constraint

c=V/plr) + H, 2
giving rise to the expected indirect utility function
EU(,V,H)=m-u(H +V/p(7)). 3)

The marginal willingness to pay dV for a small increase in survival probability dm equals
the marginal rate of substitution between survival and bequeathable wealth

dv G _u—medVp/pt pou v
m(ﬂ,V,H):—— =3E)EU: - :__,_p/_
dm | py—o = u-m/p Tou p

“)

The value of life consists of two parts.* First, the change in survival probability directly
affects expected utility by u - dw, or by [u/(u’ - 7/ p)] - d7 in monetary terms. The second
part comes from the income effect through the change in the annuity price captured by the
budget constraint (2).

Taking into account the budget constraint has the following implication: The individual
revealing her willingness to pay for an increase in survival probability assumes that the terms
of her insurance contract will be adjusted correspondingly. This is certainly an unrealistic
assumption with respect to WTP data from surveys. On the other hand, it is the correct
procedure when the data are used to inform public policy because the budget constraint is
valid at the society level. On this distinction, see also Johansson [2002], Section 4. When the
income effect through the individual’s net position on the insurance market is not considered,
then the change in survival probability only has a direct effect on expected utility.

The derivative of m(rr, V, H) with respect to = gives

om(z,V,H) 9’V
ar A ypy

_pu—pu (Voppmw — W~ u” (Ve p/p?)]p o

2
Vv ”
+ —. |:p_ — p”:|
p p

u p u” - u 1 p , p'l Vv
() [ ()]
Touw\T Tou p \xw p p

Provided that marginal loading does not exceed average loading p’ < p/m and the individual
isrisk averse (u” < 0), WTP for survival increases with the initial level of risk. If we assume,

w2.u
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in particular, that loading is proportional to the expected insurance payment,
pm)y=010+2)m, (6)
and thus p’ =14 A, p” =0, we get from (5)

om u'-u V
s wr s @

The change in WTP from a decrease in the mortality comes through the income effect on
the insurance market: decreasing the survival probability 7= will decrease the annuity price,
and increase the individual’s income. This, in turn, with a concave utility function lowers
the marginal utility of wealth, which means that more wealth will be sacrificed for a given
increase in the probability of survival.

2.2.  No insurance markets

With non-existent insurance (case ni), we obtain

M = =, (8)
TR
and
0my,; u
=——<0. 9
o u' -2 = ©)

This is the DAE that Pratt and Zeckhauser had in mind. From (8) one sees that in this model
the elasticity of the value of life with respect to mortality (dm/m)/(d7 /) is unity and does
not depend on the level of the initial risk. Marginal utility is not affected by the change in
mortality risk as the consumption level in the state of survival remains constant. This effect
comes through the objective function: expected marginal utility of consumption falls when
mortality risk rises.

The DAE is also present if the price of annuities is not adjusted for a change in survival
probability, a situation that might be relevant for surveys where persons are asked for their
WTP for survival. Then, we have m = p/(m - u') and dm/dm = —p - u/(u’ - 72).

2.3.  Perfect insurance markets

With a perfect insurance market (case pi), (4) and (5) reduce to

(10)

mp,- =

:\|:
|
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and

omy  u-u V

m - w? wl an

and we obtain the income effect only. Here, risk aversion is a necessary condition for
om/om < 0. It is noteworthy that the change in WTP for survival is the same with perfect
markets than with constant loading. In both cases we have p/m = p’ (see (5)), so that the
DAE is offset by a price effect (expected marginal utility of income increases with a rise in
survival probability, while it decreases with a rise in the price of the annuity). Hence, the
change in WTP is determined by the income effect.

This one-period analysis can be extended to a continuous consumption life-cycle model
with actuarially fair annuities. Felder, Meier and Schmitt [2000] prove for a permanent
change of the mortality risk in the sense of Johansson [1996] the DAE to hold.

3. Adding bequests
3.1. The general case

We extend the model by assuming that individuals care for their heirs. Expected utility is
defined as follows

EU=m -up(c)+ (1 —m) -up(cp), (12)

where i, is utility of consumption in the state of survival (c; ) and u p represents the bequest
motive, i.e. utility derived from the consumption of the heirs in the state of death (cp). The
state dependent utilities are both assumed to be strictly increasing: u) , u, > 0.

As is common in the pertinent literature (e.g. Jones-Lee [1976]), we assume that individ-
uals prefer survival to death, and that marginal utility when alive is higher than marginal
utility when dead at any level of consumption:

up(c) >up(c) Ve, (13)
uy(¢) > up(c) Ve (14)

An insurance market offers 1/p () $ (with pp(x) > ) for any dollar spent on an
annuity contract and 1/(1 — pp()) $ (with 1 — pp(r) > 1 — 7) for any dollar spent on life
insurance. This gives rise to the budget constraint

pj@)-co +( = pj(@)-cp=V +pj(m)-H, j=L,D 15)

When intended bequests are present, we thus have two insurance markets that can either be
perfect, imperfect or non existent. Maximizing (12) subject to (15) leads to the following
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FOC for an interior optimum:

wpler) @ pj
up(cp) 1—=m  1—p;

(16)

A corner solution with ¢;, = V 4+ H and cp = V is optimal whenever at this point

pp_ m WV +H) _ p
T=pp ~ =7 up() ~1-po

a7

The same corner solution naturally occurs when insurance markets do not exist. In perfect
insurance markets, py = pp = m, and the individual reallocates her wealth until the
marginal utility of a dollar is the same in both states.

The solution is a maximum if the indifference curves for expected utility are globally
convex, which requires concave utility functions in both states of nature (up” < 0, u.” < 0).
Convex indifference curves together with (14) imply that ¢, —cp > 0 in the optimum.
Furthermore, by (13) and the monotonicity of the utility function, utility in the state of
survival exceeds utility in the state of death,

ur(c) > up(cp). (18)

Figure 1 illustrates the insurance choice of three individuals with the same endowment in
the two states of the world (represented by point E), and the budget sets, depending on the
characteristics of the markets. Individual 2 will neither buy annuities nor life insurance at the
respective prices p; and 1 — pp. With perfect markets, she would increase her bequest by
taking out a life insurance contract and choose point G,. Individual 1 demands life insurance
with imperfect markets (F;) and would also opt for a point along the budget line for fair
insurance (Gy). Finally, individual 3 decides for an annuity contract when the markets are
imperfect (F3) and would not change to life insurance when the insurance markets were
perfect (G3).

Since the transition from an imperfect to a perfect market can be interpreted as a change in
the price of insurance, figure 1 also illustrates the effect of a price change on the demand for
annuities and life insurance, respectively. Individual 1 experiences a decrease in the relative
price of ¢ p: the positive substitution effect is reinforced by the income effect stemming from
the cut in the price 1 — pp of her life insurance contract so that dcp/dpp is unambiguously
positive. Individual 3 faces a decrease in the price of her asset, and thus both the substitution
effect and the income effect lower her demand for survival consumption, i.e., dcy /dpp < 0’

To derive the marginal rate of substitution between survival and wealth we first differen-
tiate the budget constraint with respect to survival probability, and obtain

deo _ Py vyl
om pj-(1—pj) l—-p; om

19)
Using the envelope theorem we find for the bequest model (b) after some modifications:

dv p; up—u 4
my(, V, H) = —— =S B2 T ep -V (20)
dw | ;py—o T urp pj
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Panel b) Individual 2, not active in the insurance market

Figure 1. Choosing between annuities and life insurance depending on the net-position in the no-insurance case
(F). (Continued on next page.)
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Panel ¢) Individual 3, buying an annuity contract

Figure 1. (Continued).

Note the similarity between (20) and (4). When bequests are added to the pure consump-
tion model, the value of a statistical life is driven by the utility difference in monetary
terms and the difference between optimal bequest and bequeathable wealth. The two parts
of the value of a statistical life remain: the direct effect on the expected utility from a
change in survival probability and the wealth effect through the insurance market. From (20)

we find
dm, Pim—pj up—up p; (up—up)/uy)
2 ' ’ L
am e up T arm
"oy — 2 .
N S

/
aCD

Since (from (19))

Ur—up ac, 9 dc
D7) (w5 B — )

o u’Lz
_a [ _w—up)up| dcp mw 1-p;
om 1-m Dj

22
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(22)
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a combination of (21) and (22) yields

am

T J

om 1 i U, —Uu dc i
b4 uy om w

[ 1 14 P} _(uL—uD)'uZi|

-7 p; 1—p; u’LZ
L D7 Pl cp—V
T RO 0y (23)
' l—pj 1—m pj

From a derivation of the FOC (16) we find (see the Appendix)

N TR YD ep —
BCL . w-(1—m) + Pj [1 + u'p (CD V)] (24)
or up -(=py) | wp-p; '
uy u'p

With risk aversion, even if the individual buys annuities (cp < V), and thus dcy /97w is
likely negative, this does not guarantee that dm,; /0w < 0 since the expression in the second
brackets in (23) is not necessarily negative.

The effect on WTP for survival can not be signed either if the prices on the insurance
markets do not adjust to a change in survival probability. In this case dcy/dm > 0, the
income effect in (23) disappears, while the second term in (23) is positive. Thus, we have
two counteracting effects, leaving the sign of dm,/dm indeterminate.

If we assume a constant loading factor on the fair premium (see (6)) , (23) and (24)
simplify to

3 3 A —up)-u!

M _ L (4. T Tt e~ V).

am am a-(1—-m) uy a-(1—m)

(25)

wherea=1—(1+1) -7 > 0,0 and

der Tt (o= V)

e - D(IH) - . (26)

b4 auy Gra)yup

u'y + u'y

An increase in survival probability has a (negative) substitution effect on survival consump-
tion as its price rises. The sign of the income effect depends on the individual’s position on
the insurance market. If the individual demands life insurance (cp > V), there is a positive
income effect from an increase in survival probability, so that the sign of the total effect is
unclear. When the individual buys annuities (cp < V), both the substitution and income
effect are negative, and survival consumption decreases. But also in the case with constant
loading, the total effect of a change in survival probability on WTP for survival is not clear,
so we turn to the two polar cases with perfect and non-existent insurance markets.
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3.2.  Perfect insurance markets

In the perfect market case (pi), the value of a statistical life is:

urp —u
my. pi(w, V, H) = % +(cp—V). 27)
L

For the marginal change we obtain from (25) for A =0

8mb,p,-(71,V,H)2_82.(“—%3).%’ 28)
o o u'y
It follows then from (24) that for the perfect insurance case:
sign(dmy, pi /0m) = sign(cp — V). 29)

With zero survival income (H = 0),c, > Oimpliescp < V and thus guarantees the WTP to
be decreasing in the survival probability. If H > 0, the sign of dm;,/d7 is indeterminate and
the effect may be reversed. Provided that at the initial equilibrium (c,, cp), the individual
wants to leave more than her bequeathable wealth V' to her heirs by converting some of her
survival income into life insurance, then, a decrease in the survival probability = will make
her poorer and thus induce her to lower consumption in case of survival. This in turn will
raise marginal utility of wealth in both states of nature and thus depress WTP for survival.

3.3.  No insurance markets

In the bequest model with non-existent insurance markets (ni), the budget constraints in the
two states are

c,_:V—l—Hanch:V. (30)

Marginal willingness to pay for survival is then

ur(V+H)—up(V)
EU’ ’

mb,ni(n» Vv H) = (31)

with EU" = 7 - u};, + (1 — ) - u/, as the expected marginal utility of wealth. Here, there
is no income effect from a change in survival probability. However, as marginal utilities
of wealth can not be equalized across states of the world with missing contingent claims
markets, the second derivative may bear a surprise:
dmyp ni(r, V, H) uy(V + H)—up(V)
T =y — up)
o (EU')?

(32)
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The RHS of (32) can not be signed because the sign of the numerator is indeterminate for
positive values of survival income. The intuition for the case of a positive sign of om,,; /07
is the following: If

up(V+H) <up(V), (33)

the marginal utility of wealth upon death exceeds the one upon survival because survival
income is lost and bequeathable wealth can not be shifted to the state of death due to the
absence of a life insurance market. An increase in the risk of death therefore raises the
expected marginal utility of wealth and thus decreases marginal WTP for survival—the
opposite of the DAE. This effect may be called “constrained-bequest effect”” because it
derives from the inability of the individual to leave as much to her heirs as she desires,
which renders the marginal utility of a dollar upon death to exceed the marginal utility of a
dollar upon survival.

4. Conclusion

In this study, we have re-examined the claim made by Pratt and Zeckhauser [1996] that the
value of a statistical life measured by marginal WTP for survival increases with the level
of initial mortality risk due to a “dead-anyway effect”. We have revisited this hypothesis
in models with and without bequests and under different assumption on the characteristics
of the insurance markets. Table 1 summarizes the results regarding perfect, imperfect and
non-existent insurance markets.

The insights which emerge from the theoretical analysis are as follows:

In general, the reaction of WTP to increases in the survival probability can depend upon
three different effects:

(i) Pratt and Zeckhauser’s dead-anyway effect which derives from the assumption that
marginal utility of a dollar upon death is smaller than the marginal utility of a dollar
in the case of survival,

(i) a “constrained-bequest” effect stating that in the presence of both a bequest motive
and human capital and other assets which are lost upon death, the marginal utilities in
the two states of the world may behave the opposite way,

(iii) anincome effect which says that an increase in survival probability makes the individual
either poorer (if she is a net buyer of annuities) or richer (if she buys life insurance)
and thereby changes marginal utility of wealth in both states of the world if the usual
risk aversion is assumed.

In particular, for individuals without a bequest motive the value of a statistical life always
increases with the level of risk exposure: With perfect contingent-claims markets, this result
is due to the income effect combined with risk aversion with respect to wealth: an increasing
risk makes the individual poorer and thereby raises marginal utility of wealth. Otherwise,
it is due to the dead-anyway effect. In this case no assumption about the curvature of the
utility is required.
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When a bequest motive exists, a reversal of the effect of risk level on WTP for survival
may occur—again, independent of the existence of perfect insurance markets. A sufficient
condition for this to happen is that a significant portion of total wealth depends upon survival
(like human capital) and is lost when the individual dies so that the constrained bequest effect
is operative. As a consequence, the necessary correction of survey results for differences
in the level of risk exposure may have the opposite direction than proposed by Pratt and
Zeckhauser.

The theoretical examination performed in this paper can also help to explain why the
empirical evidence on the relation between WTP and the level of risk exposure is so incon-
clusive.® For instance, Smith and Desvousges [1987] found in their questionnaire study that
“in the majority of cases ... the bids are larger at smaller baseline risks” (ibid., p. 99). This
finding is compatible with the “constrained bequest effect” although we can not claim that
the latter is indeed the explanation for these results. Similarly, Breyer and Grabka [2001]
analyzing data from a large panel study, find no significant effect of risk measures such
as age and recent hospitalizations on the marginal utility of wealth, thus indirectly casting
doubt on the presence of a “dead-anyway” effect.

One of the reasons why the “dead-anyway” effect can not be detected in empirical
studies is the presence of extensive pay-as-you-go and funded social old-age insurance.
These schemes increase non-bequeathable wealth and increase the likelihood that, given
a degree of imperfection in the life insurance market, the marginal utility of a dollar at
survival exceeds the one at death.

Appendix: Deriving (24)

A derivation of the FOC (16) in the form

uy - (1= pj)=up-(1=m)-p;

gives
ac
wp o em (L= pp) - (L= pj = ply )
b
1 dcp / ’
=ua-ﬁ-(1—n)-pj+uD-(p,--(1—7r)—pj)

Collecting the second derivatives on the Lh.s., dividing by (1 — ) - p - u/,, and employing
the FOC yields:

up dcp wp dcp  Pi-(—m)—p; wy l—pj—pi-m

u, om u’é'ﬁ_ (I —=m)- pj u'p (I—m)- pj
__hn !
(I=pp)-p; m-(I-m)
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again by the FOC. Using (19) and collecting terms gives

depqup up _pp N _Up Py

3 / - R '(CD V)
T \uy  up l—=p;j up (=pj)-pj

P 1

(1—pp-p;j 7-(1—mn)

Multiplying both sides with (1 — p;) and solving for dc;, /07 directly leads to equation (24)
in the text.
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Notes

1. While the term “dead-anyway effect” was coined by Pratt and Zeckhauser, the conjecture that WTP rises with
the baseline risk goes back at least to Jones-Lee [1974] and Weinstein, Shepard and Pliskin [1980].

2. Pratt and Zeckhauser [1996, p. 750] call this the “realistic case”.

3. Since only the share  of all participants of the tontine survive, the expected profit of the organizers of the
tontine is zero. Fair annuities are very similar to tontine shares.

4. Bergstrom [1982] speaks of a decomposition of the value of life “into a direct or “compensated” effect and a
pecuniary effect” (p. 8).

5. Note, however, that the two cross effects (dcz /dpp for individual 1 and dcp/dpy, for individual 3) are inde-
terminate because substitution and income effects have opposite signs. All these effects will be used below in
the derivation of the effects of a change in survival probability on WTP.

6. If a were larger or equal to 1, the individual would not choose an interior optimum.

7. This terminology was suggested by Richard Zeckhauser in private correspondence. Note that Jones-Lee [1974]
hints to this case when he writes that u}, (V + H) > u/,(V) may be violated “when only a very small part of
current wealth is bequeathable” (p. 838).

8. For extensive reviews of the empirical literature, see Viscusi [1993] and more recently, Hammitt and Graham
[1999].
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