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Abstract

Life expectancy around the world has increased substantially since 1970. In contrast, consump-
tion per capita has fallen in some countries, remained stagnant, or sharply increased in others.
What are the welfare gains of the systematic increase in life expectancy around the world? How
does a "full measure" of per capita income, one that adjusts for life expectancy, compare to
standard measures of world inequality that only consider income? This paper documents how
standard models used to answer these questions give rise to a number of predictions that are
inconsistent with well-documented evidence, particularly on the value of statistical life. It then
proposes a generalized model with non-separable preferences that exhibits a low elasticity of
intertemporal substitution and a low degree of mortality aversion. The non-separable model
reverts the counterfactual predictions of the standard model, and it also provides plausible
measures of changes in welfare and inequality around the world.
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1 Introduction

Life expectancy around the world has increased substantially since 1970. In contrast, consumption
per capita has fallen in some countries, remained stagnant, or sharply increased in others. For
instance, between 1970 and 2005 life expectancy went up by 20 years in Bangladesh, 22 in Indonesia,
18 in Nicaragua and 15 years in Gambia. However, consumption per capita remained almost
unchanged in Bangladesh, was multiplied by a factor of 5 in Indonesia, increased by about 70% in
Gambia and fell around 40% in Nicaragua. What are the welfare gains of the systematic increase
in life expectancy around the world? How does a "full measure" of per capita income, one that
adjusts for life expectancy, compare to standard measures of world inequality that only consider
income?

A recent literature addressing these questions has found significant welfare gains from reduced
mortality around the world, and a corresponding decrease in world inequality (Becker, Phillipson
and Soares (2005) and Jones and Klenow (2011), more notably). However, the model that has
been used in this literature has the counterfactual prediction that a number of poor countries do
not value additional life. Figure 1 illustrates this observation in a cross-section of countries in
2005.! The figure plots the value of statistical life (VSL) normalized by consumption per capita
against life expectancy. According to the figure, the VSL in a good number of countries is actually
negative, implying that a decrease in life expectancy will bring a welfare gain! Although most of
these countries are in Africa, interestingly they also include Bangladesh and Gambia. As war and
AIDS remain a reality in Africa, the model portrayed in Figure 1 predicts that these disasters are
actually beneficial because in these poor countries people would prefer a shorter life.

The origin of these predictions is that the standard model requires to assume a value of a
minimum level of consumption. This value is not binding for rich countries but it is fundamental
for countries in the middle, and specially the bottom, of the world income distribution. In this
literature, the minimum level of consumption is computed in order to match the VSL in the United
States. The minimum consumption calibrated in Figure 1 is $1,204, which implies that countries
with per capita consumption below this number would display a negative VSL. But the evidence
on the VSL surveyed in Viscusi and Aldy (2003) indicates that in the poorest country for which
data is available, India, the VSL is positive. Based on wage data for Indian manufacturing workers
in 1990, whose average annual income was $778, estimates of the VSL are around $1 million, and
they go up to $4 million when correcting for self-selection. Figure 2 displays available estimates of
the VSL normalized by annual income for different countries from Viscusi and Aldy (2003). Three
different estimates for India appear on the top left corner of the plot. The figure suggests that the
ratio of VSL to annual income is decreasing in income: poorer people value life relative to their
annual income more than richer people do. Even excluding the data points from India, Figure 2
suggest that the ratio of the VSL to annual income hovers around 300 for a wide range of income
levels. Additional evidence casting doubt on the prediction that poor people prefer a shorter life is

offered in Figure 3, which is similar to Figure 2 but corresponds to estimates for different levels of

' All the details on the construction of this figure are provided below in Section 2.



income within the US. Figure 3 suggests a wide variation of the VSL at lower income levels, but
does not support the idea that the poor value life relatively less.

This paper proposes an alternative model to assess the welfare gains of life expectancy around
the world. The model departs from the standard in this literature by considering non-separable
preferences that explicitly separate mortality risk aversion from intertemporal substitution as in
Epstein and Zin (1989) and Weil (1990). This reformulation does not require the introduction of a
minimum level of consumption above zero, and therefore does not imply that the poorest countries
do not value life. In fact, separating mortality risk aversion from intertemporal substitution allows
us to directly tie the VLS with the degree of mortality risk aversion. The standard separable
model can be seen as a special case of the non-separable model that equalizes the parameters that
govern intertemporal substitution and mortality risk aversion. Our analysis suggests that standard
separable and non-separable preferences predict similar VSL for rich countries, but quite different
for poor countries. In fact, we show that the predictions of the non-separable model are consistent
with the patterns displayed by the data in Figures 1, 2 and 3. Specifically, in the non-separable
model the ratio of the VSL to per capita consumption is decreasing in consumption, so gains in life
expectancy are quite valuable for these countries.

In addition to its consistency with available data on the VSL, our non-separable model yields
interesting predictions on the welfare effects of changes in life expectancy in poorer countries.
Consider first the welfare changes across time between 1970 and 2005 for each country in the
sample. The separable model implies that countries that lost life expectancy during this period
experienced a welfare gain. This is the case because since the VSL is negative in these countries,
then shorter life spans across time increase welfare. In contrast, the non-separable model predicts
the opposite: a full measure of income that incorporates both changes in income and life expectancy
indicates a welfare loss for these (mostly poor) countries. Turning now to countries that gained
life expectancy between 1970 and 2005, which are mainly poor and middle-income countries, we
show that the separable model computes a welfare loss for these countries. The reason is that the
separable model heavily penalizes gains in life expectancy of even as much as 20 to 25 years because
per capita consumption remained mostly stagnant, or even decreased in these countries. In contrast,
as the VSL is positive in all countries under the non-separable model, large gains in life expectancy
do show up as welfare gains even for those countries whose per capita income remained stagnant
over the 1970-2005 period. The differences between the separable and non-separable models in
evaluating the welfare gains across time are dramatic.

Consider now the welfare measures across countries in 2005. In this case we are comparing each
country’s income and full income against that of the US in 2005. We show that in a cross-section,
the separable model implies that using a full measure of income that includes life expectancy reduces
the world "full income inequality." In other words, once life expectancy is taken into account, poor
countries fair better compared to the US than when only per capita consumption is considered.
The reason is that even though life expectancy is much lower in these countries, under the separable
model life is also worth less there (shorter life spans are preferred). Things are almost the opposite

according to the non-separable model. For almost all countries the full measure of income implies



an increase in world inequality. In the non-separable case, poorer countries fair worse relative to
the US when a full measure of income is taken into account because life expectancy there is too
low. More interestingly, there are a number of countries with a life expectancy higher than the
US for whom the full measure of income in the non-separable model ranks them above the US.
These are plausible predictions and are reminiscent of the effects of ranking countries according
to the Human Development Index (HDI) of the United Nations, rather than ranking them only
by per capita income. Under the HDI ranking, the US is penalized due to its relatively lower life
expectancy. These predictions do not follow from the separable model.

The model we propose can also be used to assess the welfare effects of positive events like the
end of wars and devastating events like AIDS. For this purpose we compute full measures of income
to compare 1990 and 2005, the relevant dates to the AIDS pandemic. Countries like Rwanda,
Bhutan and Nepal gained 16, 12 and 11 years of life respectively between 1990 and 2005. Again,
the welfare calculation from the separable model indicates that taking into account these gains in
life expectancy makes these countries worse off relative to a measure that only takes income into
account! In Bhutan, not only life expectancy increased by 12 years, but per capita consumption
was also multiplied by 2 between 1990 and 2005. Having gained both life expectancy and income,
it is hard to believe the prediction of the separable model. In contrast, the non-separable model
more intuitively predicts that taking into account time variation, Bhutan is better off under a full
measure of income. A number of countries lost years of life between 1990 and 2005, mostly due to
AIDS: Central Africa (3 years), South Africa (9), Botswana (13) and Zimbabwe (19). Interestingly,
Zimbabwe not only lost years of life but also 10% of their income. However, the separable model
implies that taking into account the 19-year life loss in this country, welfare has actually increased.
In contrast, the non-separable model intuitively reflects a tremendous welfare loss in Zimbabwe.

The remainder of the paper is organized as follows. Section 2 presents the standard separable
case used in the literature, calibrates the model and derives the implications for the VSL across
countries. Section 3 proposes an alternative model with non-separable preferences, calibrates it
and discusses how this model overcomes the shortcoming of the separable model. In Section 4 we
compute full measures of income in order to perform welfare evaluations across time and across
countries. A special application to the effects of ending wars and the AIDS pandemic is presented

in Section 5. Concluding comments are in Section 6.

2 The separable case

This section sets up a benchmark perpetual youth model used in the literature and highlights some
of its shortcomings. A key feature of this standard model is that utility is time separable, so the
expected utility framework applies when computing the lifetime utility of individuals. We show
that this separable model calibrated to match US evidence generates values of statistical life for
low and middle income countries that are inconsistent with available evidence. In particular, the
model significantly under-predicts the willingness to pay for mortality reduction programs in those

countries, and predicts that life span is a bad rather than a good for a large number of countries.



Similarly, the model predicts that a significant fraction of the world population would be better
off dead rather than alive. The model is in the spirit of Yaari (1965), Usher (1973), Blanchard
(1985), Rosen (1988), Murphy and Topel (2006) and particularly Becker, Phillipson and Soares
(2005) —BPS henceforth.

2.1 A model of perpetual youth

Consider the problem of an individual who faces a constant survival probability, 7, lifetime income
Y, and preferences described by Y72, 8 [r'u(ct) + (1 — 7*) u(w)] where 8 < 1 is a pure discount
factor, ¢; is consumption at time ¢, w is an imputed consumption level if dead and u(c) is a standard
per-period utility function satisfying lim._ou'(c) = co. Markets are complete and the interest rate

is assumed to be 1/8. The individual’s problem can be described as:

V(Y,7) = max Z (Br)" (u(cr) — u(w)) subject to Y > Z (Br)t ¢y (1)
t=0

{Ct}t:O t=0

Given the stated assumptions, the first order condition of the problem implies a constant con-

sumption path. The budget constraint can then be used to solve for consumption:
cg=c=(1-pn)Y. (2)

The model predicts that higher survival reduces consumption per-period. Substituting (2) into the

utility function results in the indirect utility function:

Vv, = MO k)

(3)

A continuous time version of this model is used by BPS to assess the economic value of mortality
reductions. Key for the exercise is to choose parameter values that match empirical evidence on
the willingness to pay for mortality reduction programs. The most common target is the value of

statistical life.

2.2 Value of statistical life

Consider a program that permanently increases the survival probability in p basis points. From the
individual’s perspective the program increases the chances to live longer while from the society’s
perspective the program saves certain number of lives each period. Let WT P(p) be the willingness

of an individual to pay for such program. WT P(p) is implicitly defined by:

V(Yo,m0) = V(Yo — WTP(p), 70 + p). (4)



where the subscript 0 is used to identify the time when the program is introduced.
Let P(p) = (1 —B(m+p)) WT'P(p) be the associated annual willingness to pay for the pro-
gram.? The value of statistical life, VSL, can then be defined as:

VSL(p) = P(p)/p= (1 = B (7 +p)) WT'P(p)/p. (5)

A standard interpretation of the V.S is that it measures the society’s willingness to pay to save
a life. To motivate this interpretation, consider a pool of N identical individuals. The willingness
to pay for the program by the entire pool is P(p)N per period while the number of lives saved by
the program in a period is pN. Therefore, P(p)N/(pN) = P(p)/p measures the overall willingness
to pay to save a life in a given period.

The value of statistical life is the key concept that we use to assess the model below. The VSL
defined by (5) depends on p. A commonly used approximation of the VSL that does not depend
on p considers only marginal variations in the survival probability. For small p, WT P(p) can be
approximated by

WTP(p) ~ MRS - p. (6)

where M RS = |0Y /0|, is the marginal rate of substitution between income and survival probabil-
ity obtained from (3). Using (3), (2) and (6), the value of statistical life can then be approximated
by

w) —u'(c)e

VSL=(1— Br) MRS = gy x |9 = Z = (7)

The first term in the expression, (Y, is the lifetime income associated to a life saved by the program.
The term in the second bracket is an adjustment factor, a death aversion coefficient, that captures
the gains from living longer. Living one more period entails u(c) —u(w) more utils but it cost u/(c)c
utils to finance those additional utils, resources that otherwise could be used to finance higher
consumption during previous periods. Therefore ¢ = (u(c) — u(w) — u/(c)c) /u'(c) is the surplus of
living one additional period measured in units of consumption while ¢s/c, the adjustment factor
in the second bracket, is the fraction of consumption that actually corresponds to net gains from
living longer.

For the standard CRRA utility function with risk aversion parameter ¢ > 0, V.SL can be

written as:
o— (w/e)' 7

VSL =BY x ]

— BY x (®)

(c/w)7 ! = a] |

oc—1

The expression in the middle of (8) helps to better understand the case o € (0, 1), the low curvature
case, while the expression at the right helps for the case o > 1, the most common case in macro.
Notice first that if ¢ > 1 then V.SL — oo as w — 0. This result shows that w is the key parameter
for matching empirical evidence on the value of statistical life and cannot be set arbitrarily to zero.

A second observation is that a positive V.S L, which also means that longevity is a good rather than

*In other words, ¢ = (1—B(x+p))(Y =WTP(p)) = (1-B(r+p))Y —(1—B(x+p))WTP(p) = (1-3(m+p))Y — P(p).



a bad, requires
€ > Crmin = cuaﬁ > w. (9)

Consider the BPS parameters: w = $353 and ¢ = 0.8. In this case, cpin = $1,077. This means
that the model predicts that individuals with consumption below $1,077 in 1990 prices, would not
value life extensions but would rather prefer shorter life spans. As we show below, a significant
number of countries and individuals fall below such minimum consumption. This prediction is not
only counter-intuitive but also inconsistent with empirical evidence on the willingness to pay for
life extensions, as we show below. A third observation is that V' SL increases with o. This is clear
for the case o € (0,1) and w = 0 but follows true for the general case given that ¢ > wo T,

Notice that equation (7) is an approximation of (5) for small p. The empirical estimates of the
VSL typically considers small changes in p. However, it is important to recognize that (7) is not a
good approximation for large p. To construct an appropriate measure of VSL for large p, let WT P
be the willingness to pay for eternal life. WT'P is defined implicitly by V (Y, 7) = V(Y —WTP, 1).
Given WTP, then P(p) is given by

Plp)~(1—-p)WTP , (10)

1—m

case in which the approximation for VSL for large p, V.SL, would be

- 1-f——"" 1-p 1—prl _ 1-p4+6(1—m)u(w)/u(c)
VS'L:1 WTle Y[l— 1_/82u 1(u(c) = )}, (11)

which follows from (5), (10), (3) and (2). For CRRA utility (11) becomes

e )0 e

Finally, a useful concept is the willingness to pay for an extra year of life, Pr, or the value of a

year of life. Since life expectancy is given by T'=1/(1 — 7), then Pr can be approximated by:

oY
Pr=\a7

or MRS VSL 1
v RS or T2 1— BrT?

2.3 Evidence on the VSL

There is a large literature estimating the VSL. Estimation is often based on wage differential
across occupations with different mortality risks, or from market prices for products that reduce
fatal injuries. For example, suppose a worker requires an annual premium of $600 per year in
order to accept an increase in the annual probability of accidental death of 1/10000. In a pool

of 10,000 workers, one worker is expected to die and the aggregate compensation for such dead is



VSL = $600 * 10,000 = $6 million. Actual estimates of the VSL range between $4 to $9 million
in 2004 dollars for a 40 year old male (Viscusi 1993, Viscusi and Aldy 2003). The Environmental
Protection Agency has used $6,3 million in cost-benefit analysis since 1993. A similar value is also

used by Murphy and Topel (2006) in assessing the value of health and longevity.

2.4 Calibration and results

We now assess the ability of the benchmark model to match empirical estimates of the VSL. The
following parameters and functional forms are needed: f3, ¢, 7, u(-) and w. The strategy is to choose
parameters and functional forms standard in the macroeconomic literature, compute the implied
VSL for each country in the sample, assess their plausibility and perform multiple robustness checks.

For those parameters common across countries we proceed as follows. As in BPS, we set the risk
free rate to 3%, which implies 3 = 0.97, and let u(c) = ¢!~ /(1 — o) where 1/0 is the intertemporal
elasticity of substitution (EIS). For our benchmark calibration we set FIS = 0.8 as in Murphy
and Topel (2006), which is also a standard value used in the macroeconomic literature, but as a
robustness check we also consider the alternative value of E1S = 1.25 used by BPS. The level of
consumption imputed in the dead state, w, is set to $493, which is the same value used by BPS but
in 2005 prices rather than 1990 prices.®> This value of w implies a minimum level of consumption
Cmin 0 (9) of $1,204 in 2005 prices, a little above $3 a day. Alternative values of w are also
considered for robustness checks.

Countries in our sample differ in their survival probability m and per capita consumption c.
For the US, 7 in 2005 was 98.7%, which corresponds to a life expectancy at birth of 78 years. In
addition, ¢ = $32,230 is the value of US per capita consumption in 2005 according to the Penn
World Tables Version 7.0. The calibrated model implies a V' SL = $4, 8 million for the US in 2005.
This value is in the lower end of the range of reliable estimates according to Viscusi and Aldy
(2003), but other relevant papers such as BPS and Hall and Jones (2007) also use VSL in the lower
range.

We use a sample of 144 countries, larger than the one used in BPS and Jones and Klenow
(2011). For each country in the sample we collect data on life expectancy between 1970 and 2005
from the World Development Indicators. In addition, data on per capita consumption at 2005
prices between 1970 and 2005 is collected from the Penn World Tables 7.0. For each country,
the model implies a VSL for each year in 2005 prices. Figure 4 portrays the ratio of the VSL
to per capita consumption (V.SL/c) for all countries in the sample in 2005. Similar to Figure 1

discussed above, Figure 4 indicates that for a number of poorer countries, the VSL implied by

/
v

3BPS use the following procedure to obtain w. They argue that ¢ = ¢ = 0.346 is what the empirical estimates

from the VSL literature find, where v(c) = Cll:: +aand o =c'7° (é — ﬁ) . In our notation v(c) = u(c) — u(w)
so that u(w) = “11:: =—a=c"" (ﬁ — %) . Therefore,

1
(s—i—a—l)ﬁ
Ww=c| —m .
€



the separable model is negative. These are countries for which annual per capita consumption in
2005 is below cpin = $1,204. There are 36 countries satisfying this criteria in our sample. All
are African countries, expect for Afganistan, Bangladesh, Nepal and Papua New Guinea. The
calibrated version of this separable model implies that in these countries people would prefer a
shorter life. In fact, as more than half of the people in the world live on $2 a day, the model has
dramatic implications for at least half of humanity.

Of course, it is in principle feasible to choose a lower value of w so that the VSL is positive for
all countries. This is the case if w = $50, which implies a corresponding cpin = $122. However,
such a value of w implies a much larger VSL for the US of around $11.4 million, outside of the range
of available empirical estimates. But more importantly, even this would not be enough to improve
the performance of the separable model. A lower value of w would shift up the curve in Figure 4,
but it would still imply that the ratio V.SL/c is increasing in ¢, a feature that is inconsistent with
the evidence provided by Viscusi and Aldy (2003) and displayed in Figures 2 and 3. As discussed
before, if anything these figures imply that ratio V.SL/c is decreasing in c.

3 An alternative model

This section describes a model that solves the shortcomings of the standard separable model pre-
sented above. Our approach is to disentangle the EIS from a parameter that controls mortality
risk aversion using Epstein-Zin-Weil type of preferences. This non-separable utility representation
allows the EIS and parameter w to take on any plausible values, while letting the mortality risk
aversion parameter to be the one matching the VSL. We use the estimates of the VSL in the US to
identify the parameter that governs mortality risk aversion. Section 4 then uses the non-separable
model to reassess the economic value of mortality reductions observed over time and across coun-

tries, and arrives at different conclusions from the existing literature.

3.1 A model with non-separable utility

Consider the following Epstein-Zin-Weil (EZW) preferences:

1
Vi={ct™ + BV + (1-m D= LT >0, 4> 0.

where V and D are the lifetime utilities of being alive and dead respectively, 1/0 is the intertemporal
elasticity of substitution (while alive) and 7 is a parameter describing the degree of mortality risk
aversion. Appendix A shows that v = 0 implies risk neutrality, v > 0 implies risk aversion and
~v < 0 implies risk loving. The advantage of this formulation is that it separates these two concepts.
For example, individuals may be unwilling to accept consumption jumps while alive (o is large)
but willing to accept a consumption jump at the time of death (7 is small). The formulation is
also able to replicate standard results from the separable model when v = . Notice also that V; is

increasing in 7 as long as Vi41 > D.



The value of D satisfies:

1

D= {wlﬂ + B[rDY7 4 (1 - w)Dl’Y]H}ll" =w(l—pB)71.

Parameter v controls the degree to which ¢ and w are substitutes. We assume from the start that
w = 0 meaning that any individual with positive consumption would prefer to be alive rather than
dead. This assumption would imply V.SL = oo in the separable model but not necessarily in the
current model. This is a convenient assumption because it reduces notation significantly without
major cost. The reason is because any plausible calibration would require w to be small anyway. An
implication of this assumption, however, is that =y is restricted to be between 0 and 1. Otherwise, if
v>1land D =0,then V; - 0ifo > 1,0r V; = ¢, if o € (0,1). As we discuss below, the restriction
that v must be below 1 is not binding because a lower-than-one value of v is required to match the
observed VSL.

The resulting lifetime utility function when w = 0 is given by:

1

l1—0o 1—o
w:{c§*”+ﬁwﬁvt;ﬂ}l L0>0,0<~y<1, B<1.

Repeated substitution allows to rewrite this function as:

V, =

ZB(@S@&;’] - (13)
s=0

~ l1—0o
where B(m) = Br1=7. Individuals choose a consumption path to maximize their utility subject to

the budget constraint

00 t
™
v=3 (1) e (1)
t=0

where Y is lifetime income, r is the interest rate and markets are assumed to be complete. The

first order condition for consumption reads

or

s

~ s/o
Ctts = Ct (WHT)> = (577% (1+ 7“)) / . (15)

Notice that this condition is identical to the one in the separable model when o = . The equation
shows that consumption grows faster the more the individual cares about the future, the larger the
return on savings, 1 4+ 7, but also the larger i I o = ~ then the survival probability does not

affect consumption growth because it affects equality the marginal utility of consumption but also



the marginal cost as prices reflect the chances of survival. If ¢ > v, which is the case we stress
below, then higher survival reduces consumption growth for surviving individuals because it further
increases the need to smooth consumption.

Substituting (15) into (14) and solving for ¢y results in:

1—0o
o

co = (1_,”&7)5/ (16)

where p = o (14+7r) @ and urT=7 ¢ < 1is assumed. This expression is identical to the one in

the separable case when o = . Substituting (15) and (16) into (13) and simplifying results in the

following indirect utility function:

vy 1l—0o z

VY, 7) :Y(l—mﬁ?)_E (17)

It is convenient to compare this expression with the one that can be obtained in the separable

case:* .
Y=g _
Vsep = 1_0_(1_,“77) 7
which suggests that if 7 = o then one is a monotonic transformation of the other: V = (1 — o) 1/8164,(170).
3.2 VLS in the non-separable model
Equation (17) can be used to compute MRS = |0Y /0|, . It follows that:
0(1:0 ) 1
MRS = 17 4 LWI—JMYZ 17 o—y = 1/o”
1 T = w1~ () (14 7) 7))
The VSL can then be defined as
VSL = (1 - Mﬁ%") MRS = - 7 il (18)

o—y :
- ry7rff(1*’Y)/'UJ -7

Notice the following properties of the VSL described by (18). First, VSL is finite for any value of
o. Remember that in the separable case V = co when w = 0 and ¢ > 1. This is a key improvement
over the separable case because for sensible parameters, w = 0 and o > 1 the model does necessarily
produce an unbounded VSL. Second, 7 is the key parameter determining the value of life not o.
Since the separable model forces v = o, then ¢ becomes crucial in that model, but once this

assumption is relaxed then o losses its key importance and the weight of the prediction lies on ~.

*The corresponding separable case would be one with w =0, o € (0,1) to avoid V = oo, and an arbitrary interest
rate, not just 1 +r=1/5.
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Notice that (18) with o = « is the same expression obtained for the separable case, (8), when w =0
and o € (0,1), except that v has taken the place of o.

The value of an additional year of life in the non-separable utility representation is given by:

oY or MRS VSL 1
Pr=|7~| =MRS. = = =
T or|, OT ~ T ~ | gais T2

3.3 Calibration and results

We use the same parameters of the benchmark separable model except that w is set to zero. In
particular, we set r = 3%, f = 1/(1+ 1), o0 = 1.5 and country specific values for 7 and c¢ using the
World Development Indicators and the Penn World Tables 7.0. The only new parameter is v. We
calibrate this parameter to obtain the same VSL for the US under the separable model, which is
$4.8 million in 2005. This results in v = 0.76. Notice that under this calibration consumption is
not constant (see equation 15), but results are similar if the interest rate is set for each country so
that consumption is constant.

Figure 5 displays the ratio V.SL/c for all countries in the sample in 2005 for both the non-
separable and the separable models. Results are quite different for both models, except for richer
countries. Different from the separable case, there are no negative VSL for any country under the
non-separable model. More importantly, the pattern of ratio V.SL/c is quite different: increasing in
¢ under the separable model and decreasing in ¢ under non-separability. An interesting feature of
the ratio V.SL/c under the non-separable model is its large dispersion for poor countries, specifically
those with per capita consumption below $2,500. This pattern mimics the one in Figure 3, which
corresponds to within-US data. Figure 6 is similar to Figure 5 but it displays V.SL/c as a function
of life expectancy. Overall, Figures 5 and 6 suggest that longer life is valued all around the world,
including poorer countries. In fact, as a percentage of per capita annual consumption, the non-
separable model implies that life is relatively more valued where it is more scarce: in poorer
countries.

Figure 7 complements the message above by portraying the willingness to pay for an extra
year of life Pr as a fraction of lifetime income Y for both the separable and non-separable models.
Again, results are quite similar for richer countries, but very different for poorer ones. The calibrated
models suggest that in richer countries, including those with annual per capita consumption around
$20,000 and up, people are willing to pay around 2% of their lifetime income in order to live one
more year. People in countries with per capita consumption around $5,000 are willing to pay 1%
of their lifetime income to live one more year in the separable model, and 3% in the non-separable
one. Finally, while under the separable model people in the poorest countries are willing to pay to
live less, they would pay anywhere between 4 and 14% of their lifetime income for an extra year of

life in the non-separable model. These different predictions are quite striking.
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4 Welfare across countries and time

This section uses the models presented above to compute welfare measures across time and across
countries. Specifically, we are interested in using the formula for V (Y, ) in order to calculate a
"full measure" of income adjusted for changes in life expectancy, T'= 1/m. Let Vi = V(Yy, 7o) be
the welfare in a benchmark situation and V; = V(Y;, ;) the welfare in another situation i. For
welfare measures across time, or growth calculations, the subscripts 0 and ¢ refer to two different
years for a given country, while for cross-country comparisons they refer to two different countries
in a given year. The ratio of lifetime incomes is R; = Y;/Y, and it is the typical way to measure
proportional welfare differences between both situations.

We now define a more comprehensive ratio of incomes that includes an imputed value for
differences in life expectancy. We denote this ratio RZF where F' stands for "full" income ratio
which is defined implicitly by

V(R Yo, m0) = V(Yi, i) (19)

so RI" is the proportional change in Yy required to equate welfare in both situations. Notice that
RZF = Rl‘ if Ty = T4, and RlF § Ri ifﬂ'i § -
RY for the separable (s) and non-separable (n) cases can be easily obtained using (3) and (17)

for the CRRA utility case. The solutions are given by:

Y;1-Bmi\'7 w 1 1-0] 7=
a(Yo157T0> t-a) <Y01[37T0> ] (20)

where a = (1 — mg)/(1 — ;) and

RI'® =

(21)

1—0o

where p;, = B% (I4+1m)

The solution for the separable case is a CES function between the situations in the alive and
dead states with a weight, a, that measures the relative change in "effective mortality rates". The
larger the change in mortality the higher the weight assigned to the alive state. Moreover, the lower
the o the more substitutable is the consumption between the two states and the larger the value
imputed to mortality changes.

For welfare calculations across time, we use as situation 0 1970 and situation ¢ 2005 for each
country. Figure 8 displays our relative full income measures across time for both the separable and
the non-separable models. Specifically, the figure shows RzF */R; and RZF "/R; as a function of the
changes in life expectancy between 2005 and 1970. Notice that countries to the far right of the

figure are those which substantially gained life expectancy, generally poorer countries. Those on
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the far left of the figure are also poorer countries, but they lost life expectancy probably due to
war and AIDS. As richer countries had more modest gains in life expectancy, they are concentrated
around zero. Figure 8 again indicates that the separable and non-separable models have similar
predictions for richer countries. In addition, ratios RlF */R; and RZF "/R; as are closer to one for
this set of countries. While the separable model exhibits a decreasing ratio RZF */R; in Figure 8,
ratio Rf " /R; from the non-separable model is increasing. More specifically, for countries that lost
life expectancy between 1970 and 2005, RI*/R; > 1 while RF"/R; < 1. This is the case because
since the VSL is negative in these countries, then shorter life spans across time increase welfare
in a full measure of income under the separable model. Turning now to countries that gained
life expectancy between 1970 and 2005, consider first those on the far right of the figure: while
RF™/R; is well above one for these countries, RI®/R; is slightly below one. The separable model
heavily penalizes gains in life expectancy of even as much as 20 to 25 years because per capita
consumption remained mostly stagnant, or even decreased in these countries. In contrast, as the
VSL is positive in all countries under the non-separable model, large gains in life expectancy do
show up as welfare gains even for those countries whose per capita income remained stagnant over
the 1970-2005 period. The differences between the separable and non-separable models displayed
in Figure 8 are substantial.

For welfare calculations across countries from equations (20) and (21), we label as 0 the US
and as i each of the countries in the sample in 2005. Figure 9 reports the results of the cross-
country welfare calculations. Specifically, the figure shows Rf %/ R; and RZF " /R; as a function of life
expectancy in 2005. The remarkable feature of this figure is that for most countries in the sample,
the separable model implies RZF */R; > 1 and RZF %/ R; is a decreasing function of life expectancy. The
reason goes back again to the increasing pattern of the V.SL/c ratio as function of life expectancy
in the separable model (Figure 1). A high and larger than one RI®/R; for poor countries means
that once life expectancy is taken into account into a full measure of income, poor countries fair
better compared to the US than when only per capita consumption is considered. The reason is
that life expectancy is much lower in these countries, but in the separable model life is also worth
less there (the V.SL/c is also low). Things are almost the opposite according to the non-separable
model. For almost all countries Rf "/R; < 1 and RZF "/ R; is a decreasing function of life expectancy.
In the non-separable case, poorer countries fair worse relative to the US when a full measure of
income is taken into account because life expectancy there is too low. More interestingly, there are
a number of countries with a life expectancy higher than the US for which the non-separable model
implies RZF "/R; > 1. These are plausible predictions and are reminiscent of the effects of ranking
countries according to the Human Development Index (HDI) of the United Nations, rather than
ranking them only by per capita income. Under the HDI ranking, the US is penalized due to its

relatively lower life expectancy. These predictions do not follow from the separable model.
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5 Wars and AIDS

We now explore the differences between the separable and non-separable models in assessing the
welfare effects of positive events like the end of wars and devastating events like AIDS. Table 1
compares the predictions of both models for selected countries. We compute welfare across time
using equations (20) and (21), selecting year 1990 as situation 0 and 2005 as situation ¢ 2005 for
each country. These dates are relevant to the AIDS pandemic. Countries in Table 1 are classified
into two groups according to whether they gained or lost life expectancy between 1990 and 2005.
An interesting pattern emerges from the table. Countries like Rwanda, Bhutan and Nepal gained
16, 12 and 11 years of life respectively. However, the welfare calculation from the separable model
(RF*) indicates that taking into account these gains in life expectancy makes these countries worse
off relative to a measure that only takes income (consumption) into account! Consider the case
of Bhutan, where not only life expectancy increased by 12 years, but also per capita consumption
multiplied by 2 between 1990 and 2005 (R). For this country R'® < R, while Rf™ > R. Having

gained both life expectancy and income, it is hard to believe the prediction of the separable model.

Table 1. End of wars versus AIDS: 1990-2005

| LEsoos | ALE | R | R | RF" |

Gains in life expectancy

Rwanda 48 16 | 0.72 | 0.41 | 8.67

Bhutan 65 12 | 2.02 | 1.66 | 3.75

Nepal 65 11| 1.09 | 0.89 | 1.87
Losses in life expectancy

Central Africa 46 -3 1 0.74 | 0.80 | 0.56

South Africa 52 -9 | 1.31 | 1.45 | 0.77

Botswana 51 -13 1 1.68 | 1.98 | 0.49

Zimbabwe 41 -19 1 0.90 | 1.54 | 0.20

Consider now countries that lost years of life, mostly due to AIDS: Central Africa (3 years),
South Africa (9), Botswana (13) and Zimbabwe (19). Interestingly, Zimbabwe not only lost years
of life but also 10% of their income (R = 0.90). However, the separable model implies that taking
into account the 19-year life loss in this country, welfare has actually increased (R'® = 1.54).
In contrast, the non-separable model intuitively reflects a tremendous welfare loss in Zimbabwe
(Rf™ =0.2).

6 Concluding comments

Consumption per person is a limited measure of welfare. Adjusting consumption for the lenght of
life provides a more comprehensive measure of welfare. The standard time-separable model widely

used in macroeconomics has implications on the VSL and the cross-country pattern of the ratio of
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VSL to consumption that are inconsistent with available evidence. In this respect, this model has
limited applicability in analyzing the welfare effects of changes in life expectancy. We propose a
non-separable utility representation in the Epstein-Zin-Weil tradition that corrects the main issues
with the separable framework. Key to the non-separable framework is the distinction between the
parameters that govern the elasticity of intertemporal substitution and the mortality risk aversion.
This distinction allows the mortality risk aversion parameter to be identified directly from the
evidence on the VSL.

Our non-separable utility representation implies that although the monetary VSL is lower in
poorer than richer countries, the ratio of VSL to annual per capita consumption is decreasing with
income. This pattern parallels the available international evidence, as well as the cross-sectional
empirical evidence within the US as documented by Viscusi and Aldy (2003). The main implication
of this VSL-to-consumption ratio pattern is that across time, gains in life expectancy in poorer
countries are particularly valuable in terms of welfare. As a result, the systematic increase in life
expectancy in most countries around the world since 1970 has decreased world inequality in the last
forty years. However, when the non-separable model is used to compare welfare across countries
in 2005, the result is that world inequality is even higher than when only per capita consumption
is considered. In other words, according to the model life in many countries is still too short, and
this adds to their already low per capita consumption levels. In sum, the non-separable framework
dramatically changes the evaluation of welfare changes across countries and time relative to the
standard time-separable model.

The non-separable utility representation we propose can be used in a number of other contexts
in which the monetary value of additional years of life is an important part of policy evaluation.
We have in mind the literature on the intersection between demographics and macroeconomics,
one that has gained strenght in recent years. Within this literature, understanding the trends in
health expenditures as countries grow, as well as the trade-offs governments in poorer countries
with limited resources face, are examples of contexts in which the framework we propose may be

useful.

A Mortality risk aversion

In our model with Epstein-Zin-Weil preferences:

1

Vi={cl "+ BV + (1= m) DI LT

where normalizing D = 0 reduces the expression to

1

V. = {cl—a _’_ﬁﬂ_gvl—g}ﬁ
t t t+1 :

As shown in the text, V; can be written as:
0 o
Vi = ( ﬁ(w)%%;s)
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~ l1—0o
where B(m) = fm1=7. Suppose that consumption is c if alive and 0 if dead. In this case, the expected
consumption at time ¢ is Eyc; = wlc. In addition,

1
1-0o

Vo :c(iﬁ(ﬂ)‘S) :c(l—ﬁﬂ}:z>dil. (22)
5=0

If the individual is mortality risk averse, then the she must be better off by receiving the average
consumption Fyc; for certain, rather than facing the lottery implicit in V4. Consider the lifetime
utility of receiving Eyc; at period t. Denote such utility V' (E¢). Then

V (Be) = <ZBS <Eocs>1—“> E =c<2 (67#—“)3) Cse-pt)T @)
s=0 s=0

so that the individual is mortality risk averse if V/V (Ec) < 1. Moreover, the lower this ratio the
larger the degree of mortality risk aversion. Dividing (22) by (23) yields

V (Ec)

o [1-pr
1— frl-o

] ko)

80 h(7, o) becomes one (risk neutrality) in the followings cases: (i) 7 = 1; (i) v = 0 = 0; and (74)
~v = 0. Since

aﬁ(ﬂ) 0 InB+i=ZInx InB+i=ZInx 0 ( 1-0o )
= —e¢ 1=y —¢ " — (InB+ Inm
2] Iy Iy = g
1-0c — 0
= [Bri—v < 1n7r>
(1—7)°
then,
Oh(v, o) I = 1
v, 0 — Bri= 1= ( —0c )
—t = = =7 | —— In~7
oy o—1 [1—6711—"] b (1—~)?

1
1o 771
1—prni=— l-o 1
= |—— 717 | ———=In7w | <0.
[1—5771”] B ((1—7)2 >

We can thus conclude that mortality risk neutrality requires v = 0, mortality risk aversion requires
~v > 0 and mortality risk loving requires v < 0. Moreover, the higher the v the higher the mortality
risk aversion.
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Figure 1. Value of statistical life and life expectancy under standard model
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Figure 2. Value of statistical life and annual income
International data
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Figure 3. Value of statistical life and annual income
Estimates for the US
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Figure 4. Value of statistical life and annual consumption across countries
Separable model
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Figure 5. Value of statistical life and annual consumption across countries
Non-separable and separable models
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Figure 6. Value of statistical life and life expectancy across countries
Non-separable and separable models
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Figure 7. Willingness to pay and lifetime income across countries
Non-separable and separable models
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Figure 8. Welfare gains across time - 1970 to 2005
Non-separable and separable models
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Figure 9. Welfare across countries - 2005
Non-separable and separable models
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