
Does mortality decline always lead to an increase in human 
capital investment? 

 
 

Zhipeng Cai * 
 

Sau-Him Paul Lau † 
 
 

November 2011 
 
 

Abstract 
 

According to conventional wisdom in human capital theory, mortality decline leads to 
more schooling, because individuals expect to have more years to reap the benefits of 
human capital investment. This result is shown, analytically or computationally, by many 
researchers. However, the researchers usually represent mortality reductions by changes 
in survival parameters, with a parameter change causing mortality changes in different 
ages simultaneously. We use a general non-parametric approach to the survival function, 
and apply Volterra derivative for a functional to consider the effect of mortality decline at 
an arbitrary age. This approach enables us to show that mortality reductions at younger 
versus older ages have systematically different effects on optimal schooling years. In 
particular, a mortality decline during the studying phase leads to shorter schooling years, 
providing a counter-example to the conventional wisdom.  
 
 
 
 
JEL Classification Numbers: I20; J10; J24 
  
Keywords: mortality decline; human capital investment; retirement age 
 

                                                           
* School of Economics and Finance, University of Hong Kong, Hong Kong. E-mail: 
caizp@hku.hk 
 
† Corresponding author. School of Economics and Finance, University of Hong Kong, 
Hong Kong. E-mail: laushp@hku.hk 
 



1 Introduction

According to conventional predictions of the human capital theory, an in-
crease in life expectancy raises schooling years and human capital level be-
cause individuals expect a longer period over which they can receive benefits
on their educational investment. An elegant summary of this idea has been
given in Ram and Schultz (1979, p. 420): “In a society where life is short,
labor earns a pittance; work is hard and life is harsh. Vitality is low, illiteracy
abounds, and people languish. A turn toward a better future comes when
the span of life increases. Incentives become worthwhile to acquire schooling,
and the time spent at work becomes more productive. The stock of human
capital in the form of better health and more schooling becomes larger...”1

The mechanism described above is sometimes labelled as the Ben-Porath
mechanism (see Hazan, 2009).2

In a recent paper, Hazan (2009) examines the effect of mortality decline
on years of schooling and lifetime labor supply. Using a life-cycle model
with perfectly rectangular survival function (with zero probability of death
during lifetime, and then die with certainty when reaching the maximum
age), he suggests that a necessary condition for the Ben-Porath mechanism
to work is that higher life expectancy increases lifetime labor supply. His
empirical analysis based on the data over more than a century suggests that
expected total work hours actually decrease with a rise in life expectancy,
and he concludes that the observed increase in schooling years cannot be
explained by mortality decline. As mentioned in Cervellati and Sunde (2010),
Hazan’s (2009) conclusion challenges a major prediction of the human capital
theory and has important policy implications regarding the benefit of health
improvement and mortality decline.

Cervellati and Sunde (2010) argue that Hazan’s (2009) theoretical results
hold only under specific and counter-factual assumptions, and cannot be
generalized to a generic non-rectangular survival law. They point out that a
mortality decline induces more schooling if and only if it increases the benefits
of increased schooling relative to the costs. Thus, an increase in expected
lifetime labor supply is not a necessary condition for mortality decline to

1Similarly, Bils and Klenow (2000, p. 1164) state that “a higher life expectancy results
in more schooling, since it affords a longer working period over which to reap the wage ben-
efits of schooling,” and Kalemli-Ozcan et al. (2000, p. 2) mention that mortality decline
raises human capital accumulation by “increasing the horizon over which investments in
schooling will be paid off.”

2This point is not explicitly mentioned in Ben-Porath (1967), but it is consistent with
his statement: “The main reason why investment [in human capital] is undertaken most
by the young is that they have a longer period over which they can receive returns on their
investment” (Ben-Porath, 1967 p. 352).

1



induce an increase in schooling years under a more general survival function.
Moreover, their empirical analysis shows that while there is a pronounced
decline in expected lifetime labor supply across the cohorts of men born at
different decades from 1840 to 1930 (as in Hazan, 2009), there is no evidence
of a decline in the benefits relative to the opportunity costs of schooling.
Thus, their empirical results raise doubts about Hazan’s (2009) conclusions
that the observed increase in schooling cannot be caused by mortality decline.

Stimulated partially by the different results in Hazan (2009) and Cervel-
lati and Sunde (2010), and partially by d’Albis et al. (2011) who show
that mortality changes at young versus old ages may have different economic
effects, this paper analyzes systematically the Ben-Porath mechanism in a
model with a general survival function. Because the model specifications
used in Hazan (2009) and Cervellati and Sunde (2010), as well as in many
relevant papers to be discussed below, are very different and the theoretical
results sometimes depend on these different features, we start by reviewing
related papers and then choose appropriate features. Theoretical and compu-
tational results of these papers show that a mortality decline always leads to
more schooling, despite various differences in the specifications of the models.
While the similarity of these results appears to suggest that the predictions
are robust, the results in d’Albis et al. (2011) lead us to take a more cau-
tious approach. Specifically, mortality changes are captured by changes in
survival parameters (or in maximum age for the rectangular survival curve)
in most papers,3 and a parameter change usually causes mortality changes in
different ages simultaneously. Therefore, if there are systematic differences
in the effects of mortality decline at different ages on years of schooling, they
may not be discovered by a parametric approach to the survival function.
From an empirical perspective, mortality decline pertains mainly to infants
and children in the early stage of demographic transition but concentrates on
older people at the later stage.4 Thus, it is relevant to examine the economic
consequences of mortality reductions at different ages.

In this paper we use the non-parametric approach to model the survival
curve, as in d’Albis et al. (2011), and examine the effect of a change in
mortality at an arbitrary age on years of schooling. Surprisingly, in a life-
cycle model of consumption, schooling and retirement choices with a general

3The only exception is Cervellati and Sunde (2010), who consider a general survival
function in their theoretical analysis, but they also include the parametric specification
used in Boucekkine et al. (2002) in their empirical analysis.

4This pattern is well documented by demographers. For example, Wilmoth and Hori-
uchi (1999, pp. 484-5) mention that during the later stage of demographic transition, an
“aging of mortality decline” has occurred, characterized by “successively larger reductions
in mortality rates at older ages, and by smaller reductions at younger ages.”
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survival function, we show that a mortality decline at a young age (before
entering into the job market) leads to a decrease in schooling. (We will
discuss the intuition of this result later.) To the best of our knowledge, this
counter-intuitive result to the conventional wisdom in human capital theory



schooling years and retirement age in Section 2. We obtain the first-order
conditions characterizing the optimal choices. We then obtain the expressions
regarding the effects of mortality decline on schooling years and retirement
age. In particular, the effect of a mortality decline on optimal schooling years
can be broken down as direct and indirect effects. In Section 3, we first ex-
amine the direct effects. In Section 4, we examine the indirect effect (through
a change in optimal retirement age), and then, combine all the relevant re-
sults to obtain the total effect. For both schooling years and retirement age,
we obtain systematically different results regarding the impact of mortality
decline at young versus old ages. We provide concluding remarks in Section
5.

2 The model and first-order conditions

We start by reviewing relevant papers on the Ben-Porath mechanism. Alto-
gether eleven recent papers are examined, including de la Croix and Lican-
dro (1999), Hu (1999), Bils and Klenow (2000), Kalemli-Ozcan et al. (2000),
Boucekkine et al. (2002, 2003), Echevarria (2004), Echevarria and Iza (2006),
Hazan (2009), Heijdra and Romp (2009), and Cervellati and Sunde (2010).
We find it useful to organize these papers along three dimensions: the sur-
vival function, the exogeneity or endogeneity of retirement age, and the cost
of schooling.6

As observed in Table 1, researchers use various specifications of the sur-
vival curves, including rectangular, exponential, the Boucekkine et al. (2002)
form, the Gompertz-Makeham form, and a general specification based on ac-
tual data. Seven papers in Table 1 assume endogenous schooling years but
exogenous retirement age, and the remaining four papers assume that both
variables are endogenous. Reflecting the importance of foregone labor in-
come, all the above papers use this specification. In fact, it is the only cost
component in all papers except Bils and Klenow (2000), in which explicit
tuition cost is also included.

[Insert Table 1 here.]

As we are interested in studying the effect of a mortality decline at an ar-
bitrary age on optimal schooling years, we adopt a non-parametric approach

6These papers also differ in other dimensions, such as whether social security system is
present or not, and whether the schooling decisions affect economic growth or not. We do
not focus on these aspects in this paper. Note also that all these papers assume exogenous
mortality and fertility.

4



based on a general survival function in this paper. We aim for a more gen-
eral analysis by assuming that both schooling years and retirement age are
endogenous. For the schooling cost, we follow the majority of the papers
in the literature by assuming that foregone labor income is the only cost of
schooling.7

We now describe other features of the life-cycle model in which an individ-
ual chooses the consumption path, years of schooling and retirement age in
the presence of lifespan uncertainty. The lifespan uncertainty is represented
by the survival function

l (x) = e−
R x

0 μ(q)dq, (1)

where l (x) is the survival probability at age x, l (0) = 1, l (T ) = 0, T is the
maximum age, and μ (q) ≥ 0 (with limq→T μ (q) = ∞) is the instantaneous
mortality rate at age q.8

In this model, we assume that schooling and labor supply choices are indi-
visible, and that the progression from schooling to working or from working to
retirement is irreversible.9 We also assume that the annuity market is perfect
and that individuals have no bequest motive, as in Yaari (1965), Blanchard
(1985), Kalemli-Ozcan et al. (2000), Boucekkine et al. (2002), and Heijdra
and Romp (2009). In this environment, an individual chooses a consumption
path, years of schooling (S) and a retirement age (R) to maximize expected

7We have also performed analysis with a model including tuition cost. In this case, the
flow budget constraint in (3) is modified to become

a0 (x) = [r + μ (x)] a (x)− φ (x)− c (x)

when x ≤ S, where φ (x) is tuition cost at age x. One can then show that the first-order
condition for schooling in (9) becomes

h0 (S∗)

"Z R∗

S∗
e−rxl (x)w (x) dx

#
= e−rS

∗
l (S∗) [h (S∗)w (S∗) + φ (S∗)] . (9a)

Comparing (9a) with (9), it can be seen that except for an extra term corresponding to
tuition cost on the right-hand side of (9a), the two equations are qualitatively similar.
The comparative static results about mortality reductions are also similar. For simplicity
in exposition, we present the model without tuition cost. The results of the model with
tuition cost are available to interested readers upon request.

8In most life-cycle models focusing on working and retirement phases, the age in the
model is usually taken as adult age (such as actual age minus 20). When schooling decisions
are included, Boucekkine et al. (2003) interpret the model age as actual age minus 10.
For industrial countries in recent years, it is probably better to interpret the model age as
actual age minus 15, since it is likely to have mandatory age of working (usually 15 years
old) and years of schooling (usually 9 years) in these countries.

9It is straightforward to show that it is never optimal to move from schooling to retire-
ment in this model.
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lifetime utilityZ T

0

e−ρxl (x)
c (x)1−

1
σ − 1

1− 1
σ

dx−
Z R

0

e−ρxl (x) f (x) dx, (2)

subject to

a0 (x) =

½
[r + μ (x)] a (x) + h (S)w (x)−





From (5) to (7) and (11), it can be seen that a change in μ (x0) will affect
initial consumption c (0, S, R) through changes in survival probabilities, l (.).
Furthermore, μ (x0) will affect eR (S) through initial consumption according
to (8). For the remaining analysis involving a mortality decline at age x0,
it is helpful to recognize the dependence of eR (S) on mortality function μ (.)

explicitly, and to interpret retirement function in (8) as eR (S,μ (.)). From
(9) and (10), we obtain

sign

∙
−∂S∗

∂μ (x0)

¸
=

sign

⎡⎣R R∗S∗ e−rx
³

−∂l(x)
∂μ(x0)

´
w (x) dxR R∗

S∗ e−rxl (x)w (x) dx
+

e−rR∗l (R∗)w (R∗)
³

−∂ eR(S∗,μ(.))
∂μ(x0)

´
R R∗
S∗ e−rxl (x)w (x) dx

−

³
−∂l(S∗)
∂μ(x0)

´
l (S∗)

⎤⎦ ,

(12)
and

−∂R∗

∂μ (x0)
=

∂ eR (S∗,μ (.))

∂S

µ
−∂S∗

∂μ (x0)

¶
+

Ã
−∂ eR (S∗,μ (.))

∂μ (x0)

!
. (13)

The interpretations of (12) and (13) will be given in subsequent sections.
At first glance, (12) looks intimidating, but it turns out that by taking a se-
quential approach and breaking down the problem into several simpler steps,
it is possible to obtain unambiguous results for mortality changes at young
ages (before entering into the job market) and at old ages (after retirement),
and to provide economic intuition.12 The results will be presented in the
next two sections.

3 A special case: Disutility of labor increases
sharply at the optimal retirement age

According to the first-order condition (9), a mortality decline at an arbitrary
age x0 can potentially affect the optimal schooling choice S∗ in three ways:
(a) it affects the expected stream of labor income during the working years
through the survival probabilities l (.) from age S∗ to age R∗, (b) it affects
the duration of lifetime labor supply through the optimal retirement age R∗,

12Hazan (2009) uses a simultaneous approach in solving schooling years and retirement
age in a life-cycle model with perfectly rectangular survival and r = ρ. While the first-order
conditions corresponding to the simultaneous and sequential approaches are equivalent,
we find that using the simultaneous approach is less useful than a sequential approach for
the model with a general survival function, when we conduct comparative static analysis
by differentiating the first-order conditions with respect to age-specific mortality rates.
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and (c) it affects the expected value of foregone earning (at S∗) through the
survival probability l (S∗). This leads to the three terms in (12), with the
first two terms corresponding to the benefit of increasing schooling, and the
third term corresponding to the cost.

The second factor is qualitatively different from the other two in the
sense that it works, indirectly, through a change in optimal retirement age.
Because of this difference, we first concentrate on the other two factors, and
examine in this section the limiting case that the slope of the disutility of
labor function tends to∞ at the optimal retirement age. In this limiting case,
−∂ eR(S∗,μ(.))

∂μ(x0)
tends to 0 and the second factor vanishes. Thus, (12) becomes

sign

∙
−∂S∗

∂μ (x0)

¸
= sign

⎡⎣R R∗S∗ e−rx
³

−∂l(x)
∂μ(x0)

´
w (x) dxR R∗

S∗ e−rxl (x)w (x) dx
−

³
−∂l(S∗)
∂μ(x0)

´
l (S∗)

⎤⎦ . (14)

Using (11), we obtain

Z R∗

S∗
e−rx

µ
−∂l (x)

∂μ (x0)

¶
w (x) dx =

⎧⎪⎨⎪⎩
R R∗
S∗ e−rxl (x)w (x) dxR R∗
x0

e−rxl (x)w (x) dx

0

if x0 ≤ S∗

if S∗ < x0 < R∗

if x0 ≥ R∗
,

(15)
and

−∂l (S∗)

∂μ (x0)
=

½
l (S∗)
0

if x0 ≤ S∗

if x0 > S∗ . (16)

Therefore,

sign

⎡⎣R R∗S∗ e−rx
³

−∂l(x)
∂μ(x0)

´
w (x) dxR R∗

S∗ e−rxl (x)w (x) dx
−

³
−∂l(S∗)
∂μ(x0)

´
l (S∗)

⎤⎦ =
⎧⎨⎩ 0
+1
0

if x0 ≤ S∗

if S∗ < x0 < R∗

if x0 ≥ R∗
.

(17)
It can be concluded from (14) and (17) that when (w)7.6(h74Tf
1.0318 2.0348 TD
<003b>Tj
0 -.8905 TD
<00e TT13p07.82 Tm
0 )6 0 TD
02.03488 0 0 8.04 191av40.3(w)7.6(h)5.1(e)-1.5(n)-333.8(s5.1/TT8c98e85/TT10 1 T.)6 69cansu6 69c--.3(h)6
5.9885i0



When mortality decline occurs during the schooling phase (x0 ≤ S∗), it
affects the survival probabilities from age S∗ to age R∗. As a result, both



4.1 On the retirement age function

In Section 3, we have analyzed the first and third terms on the right-hand
side of (12). Now we focus on the indirect effect through the retirement age,

as represented by the second term. Since e−rR
∗
l(R∗)w(R∗)R R∗

S∗ e
−rxl(x)w(x)dx

is always positive,

the crucial element of the second term that determines its sign is −∂ eR(S,μ(.))
∂μ(x0)

.
In the Appendix, it is shown that (A4) and (A6) lead to15

sign

"
−∂ eR (S,μ (.))

∂μ (x0)

#
= −sign

⎡⎣−∂c
³
0, S, eR (S,μ (.)) ,μ (.)

´
∂μ (x0)

⎤⎦ , (18)

which states that retirement age and initial consumption (both conditional
on schooling duration) are negatively related for the optimal solution. The
intuition of (18) can be understood from (8). When a mortality change
decreases initial consumption, the marginal utility of consumption (c− 1

σ ) will
increase. Analyzing the two terms in (8) in terms of a marginal benefit and
marginal cost framework, a mortality change decreasing initial consumption
shifts the marginal benefit (of delaying retirement age) schedule upward, but
leaving the marginal cost schedule unaffected. Thus, optimal retirement age
increases, resulting in opposite directions of movement for optimal initial
consumption level and retirement age.

We now analyze (18) when S = S∗.16 Following d’Albis et al. (2011), we
decompose the percentage change of a mortality decline on initial consump-
tion as the sum of the percentage changes of mortality decline on human
wealth and the marginal propensity to consume. Specifically, we use (5) to
obtain

1

c
³
0, S∗, eR (S∗,μ (.)) ,μ (.)

´
⎛⎝−∂c

³
0, S∗, eR (S∗,μ (.)) ,μ (.)

´
∂μ (x0)

⎞⎠

=
1

H
³

S∗, eR (S∗,μ (.)) ,μ (.)
´

⎛⎝−∂H
³

S∗, eR (S∗,μ (.)) ,μ (.)
´

∂μ (x0)

⎞⎠
15According to (1) and (5) to (7), each of the terms m (0), H (0, S,R) and c (0, S,R)

depends on mortality function μ (.). We express the dependence



+
1

m (0,μ (.))

µ
−∂m (0,μ (.))

∂μ (x0)

¶
. (19)

Furthermore, we use (7) to obtain

1

m (0,μ (.))

µ
−∂m (0,μ (.))

∂μ (x0)

¶
=
−
R T
x0

e−[(1−σ)r+σρ]xl (x) dxR T
0

e−[(1−σ)r+σρ]xl (x) dx
, (20)

which equals to -1 at age 0 and increases monotonically in the interval [0, T ]
to reach 0 at age T . We also use (6) to obtain

1

H
³

S∗, eR (S∗,μ (.)) ,μ (.)
´

⎛⎝−∂H
³

S∗, eR (S∗,μ (.)) ,μ (.)
´

∂μ (x0)

⎞⎠

=

⎧⎪⎪⎨⎪⎪⎩
1R R∗

x0
e−rxl(x)w(x)dxR R∗

S∗ e
−rxl(x)w(x)dx

0

if x0 ≤ S∗

if S∗ < x0 < R∗

if x0 ≥ R∗
. (21)

Note that 0 <
R R∗
x0

e−rxl(x)w(x)dxR R∗
S∗ e

−rxl(x)w(x)dx
< 1 when x0 is on the open interval (S∗, R∗).

The intuition of (20) and (21) is as follows. A mortality decline leads to
more years expected to survive, and thus more years to consume. As a result,
the marginal propensity to consume decreases. This effect, given by (20), is
always negative. Initial consumption is reduced if lifetime human wealth is
unchanged. A mortality decline, however, may lead to a higher or unchanged
level of lifetime human wealth. Specifically, according to (21), it leads to a
higher level of lifetime human wealth for x0 < R∗, but an unchanged level
during the retirement years. Following d’Albis et al. (2011), we call these
two effects the years-to-consume and lifetime human wealth effects.17

Combining (18) to (21), we obtain

sign

"
−∂ eR (S∗,μ (.))

∂μ (x0)

#
=

⎧⎨⎩ −1
−1, 0 or + 1

+1

if x0 ≤ S∗

if S∗ < x0 < R∗

if x0 ≥ R∗
. (22)

A mortality decline at an age after retirement (i.e., at age x0 with x0 ≥
R∗) does not affect lifetime human wealth. Thus, the years-to-consume effect
dominates, and a mortality decline leads to a decrease in initial consumption

17Up to this point, the analysis in this section is similar to Section 3.1 of d’Albis et al.
(2011). The following results in this section strengthen theirs.
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and a delay in retirement age, conditional on schooling duration S∗. A mor-
tality decline at an age before entering the labor market (i.e., at age x0 with
x0 ≤ S∗) will lead to the maximum increase in the level of lifetime human
wealth, and the lifetime human wealth effect dominates the years-to-consume
effect. Thus, it leads to an increase in initial consumption and an earlier re-
tirement age. The results of these two cases are represented in the upper and
lower panels of Figure 2.

[Insert Figure 2 here.]

The effect on lifetime human wealth of a mortality decline during the
working phase (i.e., at age x0 with S∗ < x0 < R∗) is intermediate (between 0
and 1). It may or may not dominate the years-to-consume effect. As a result,
the effect of a mortality decline during the working phase on the retirement
age, conditional on the schooling duration, is ambiguous.

4.2 On optimal years of schooling

We now combine the results in Section 3 and Section 4.1. When x0 ≤ S∗

(studying phase) or x0 ≥ R∗ (retirement phase), we conclude from (12), (17)
and (22) that

sign

∙
−∂S∗

∂μ (x0)

¸
= sign

"
−∂ eR (S∗,μ (.))

∂μ (x0)

#
=

½
−1
+1

if x0 ≤ S∗

if x0 ≥ R∗ . (23)

A mortality decline before working leads to less schooling and a mortality
decline after retirement leads to more schooling. In both cases, it can be seen
from (23) that the direct effect is zero and the overall effect is contributed
by the indirect effect through retirement age.

On the other hand, when S∗ < x0 < R∗, we conclude from (11), (12),
(16) and (22) that

sign

∙
−∂S∗

∂μ (x0)

¸
= sign

⎡⎣R R∗x0
e−rxl (x)w (x) dxR R∗

S∗ e−rxl (x)w (x) dx
+

e−rR∗l (R∗)w (R∗)
³

−∂ eR(S∗,μ(.))
∂μ(x0)

´
R R∗
S∗ e−rxl (x)w (x) dx

⎤⎦
= −1, 0 or + 1. (24)

The effect on schooling years of a mortality decline during the working phase
is ambiguous, because the direct effect is positive while the indirect effect
(through retirement age) may be positive or negative.
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4.3 On optimal retirement age

While the primary focus of this paper is on optimal years of schooling, we
complete the analysis by examining the effect of mortality decline on retire-
ment age.

According to (13), a mortality decline at age x0 affects optimal retirement
age in two ways. The first effect is through a change in years of schooling, and
is given by ∂ eR(S∗,μ(.))

∂S

³
−∂S∗

∂μ(x0)

´
. The second effect is based on an unchanged

length of the schooling period, and is given by −∂ eR(S∗,μ(.))
∂μ(x0)

.

We know sign
h

−∂ eR(S∗,μ(.))
∂μ(x0)

i
from (22) and sign

h
−∂S∗

∂μ(x0)

i
from (23) and

(24). Moreover, it can be shown from (A8) and (A9) that

sign

"
∂ eR (S∗,μ (.))

∂S

#
= sign

∙
h0 (S∗)

h (S∗)

¸
> 0. (25)

According to (25), a rise in schooling years will lead to a delay in optimal
retirement age.

Combining (22) to (25), we conclude that the total effect of a change in
mortality decline at age x0 on R∗ is given by:

sign

∙
−∂R∗

∂μ (x0)

¸
= sign

"
∂ eR (S∗,μ (.))

∂S

µ
−∂S∗

∂μ (x0)

¶
+

Ã
−∂ eR (S∗,μ (.))

∂μ (x0)

!#

=

⎧⎨⎩ −1
−1 , 0 or + 1

+1

if x0 ≤ S∗

if S∗ < x0 < R∗

if x0 ≥ R∗
. (26)

A mortality decline before S∗ leads to an earlier retirement, and a mor-
tality decline after R∗ leads to delayed retirement. On the other hand, the
effect on retirement age of a mortality decline during the working phase is
ambiguous.

5 Conclusion

It is usually suggested that a mortality decline leads to an increase in school-
ing years, since individuals have more (expected) years to reap the benefit of
this investment. All of the eleven recent papers mentioned in Table 1 show,
either analytically or computationally, that this conjecture holds. This paper
revisits this conventional wisdom. A key motivating factor of our study is
that a parametric approach to model the survival function is commonly used
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in the literature. Since mortality rates at all ages are affected simultaneously
when a parameter of the survival function changes, this approach is less likely
to reveal any possible systematic difference in the consequences of mortality
reductions at different ages. Since mortality decline concentrates on younger
ages at the early stages of demographic transition but on older ages at the
later stages, it is interesting to investigate whether mortality reductions at
different ages will have qualitatively different effects on optimal schooling
years.

In this paper, we first compare various recent papers on the effect of
mortality decline on schooling years, and organize them along three dimen-
sions (survival function, exogeneity or endogeneity of retirement age, and
schooling cost). Based on these comparisons, we propose a life-cycle model
of consumption, schooling years and retirement age to study the Ben-Porath
mechanism. The model is more general than most existing models along
these three dimensions. We use a sequential approach to break the dynamic
optimization problem into simpler steps, and find that it enables us to obtain
useful results. In particular, we decompose the effect of a mortality decline
on schooling years into direct and indirect (through the retirement age) ef-
fects. We then show that a mortality decline before working leads to less
schooling, while a mortality decline after retirement leads to more schooling.

The result that a mortality decline before entering the labor market short-
ens optimal schooling years contrasts substantially with existing results. The
intuition of this result is as follows. A mortality decline before the working
phase increases the expected value of the stream of future wages, as well as
the expected schooling cost (which is foregone wage at age S∗) by the same
proportion, conditional on an unchanged retirement age. As a result, both
marginal benefit and marginal cost of extending schooling years (evaluated
at S∗) shifts up by the same proportion, leading to an unchanged level of
optimal schooling years. Using the terminology in earlier sections, this mor-
tality decline has no direct effect. On the other hand, a mortality decline
during the studying phase leads to an earlier retirement age, because the life-
time human wealth effect dominates the years-to-consume effect. The earlier
retirement age further leads to shorter schooling years. This is the indirect
effect of a mortality decline on schooling. To the best of our knowledge, this
counter-intuitive result and the underlying reasons have not been mentioned
in the literature

While we think the major contribution of this paper are the theoretical
results, there is also an interesting empirical contribution. According to
Figure 1 of Hazan (2009), the schooling years in USA decline slightly from
8.71 years for the 1850 cohorts to 8.06 years for the 1870 cohorts, and then
increased monotonically afterwards. Since life expectancy increased during
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this period of time, the downward segment is inconsistent with the predictions
of existing papers supporting the conventional Ben-Porath mechanism. On
the other hand, our analysis suggests that mortality decline at a young age
leads to shorter schooling duration. Since mortality reductions in the mid
19th century, relative to those in recent years, concentrated more on younger
ages, the prediction of this paper is more consistent with decreasing schooling
years in USA from 1850 to 1870.18



tality decline before working, are robust or not when there is imperfection in
the annuity market. Second, following most papers on the Ben-Porath mech-
anism, the schooling decision is made by the individual based on marginal
benefit/cost calculation. In reality, while schooling decisions at a more ma-
ture age are mainly made by the individual, those decisions at earlier ages are
mostly made by one’s parents.19 To examine the effect of mortality decline
on schooling years and human capital investment, it is also interesting to
bring in the insight of the quality-quantity trade-off literature by considering
simultaneously fertility decision on the number of children and human cap-
ital investment decision on them. We plan to study these questions in the
future.

6 Appendix

We derive first-order conditions in Section 6.1 and perform comparative static
analysis in Section 6.2.

6.1 First-order conditions

We first obtain the individual’s optimal consumption path, conditional on
schooling years and retirement age. Using standard techniques of dynamic
optimization, it is straightforward to obtain the Keynes-Ramsey rule as (4).
Substituting (4) into the intertemporal budget constraint at age 0:Z T

0

e−rxl (x) c (x, S, R) dx =

Z R

S

e−rxl (x)h (S)w (x) dx,

we obtain initial consumption level (as a function of S and R) given by (5).
It can be shown that

∂c (0, S, R)

∂S
= m (0)

∙
h0 (S)

Z R

S

e−rxl (x)w (x) dx− e−rSl (S)h (S)w (S)

¸
,

(A1)
and

∂c (0, S, R)

∂R
= m (0)h (S) e−rRl (R)w (R) . (A2)

Conditional on the optimal consumption path (4) and a particular choice
of schooling S, we now obtain the first-order condition for optimal retirement

19This point has been emphasized in Soares (2005). Note that Soares (2005) is not
reviewed in Table 1, because it incorporates fertility choice but does not model retirement
decision, and thus is less similar to the papers mentioned in Table 1.
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age. Substitute (4) into (2) to express the objective function in terms of S
and R only. Denote it by

U (S, R) =

Z T

0

e−ρxl (x)
c (x, S, R)1−

1
σ − 1

1− 1
σ

dx−
Z R

0

e−ρxl (x) f (x) dx.

The objective is to choose R to maximize U (S, R), conditional on S. Dif-
ferentiating it partially with respect to R and using (A2) to simplify, we
obtain

∂U (S, R)

∂R
= e−rRl (R)h (S)w (R) c (0, S, R)−

1
σ − e−ρRl (R) f (R) . (A3)

Thus, the first-order condition for retirement age is given by (8), after
cancelling the common term l (R). When

r − ρ+
f 0
³ eR (S)´

f
³ eR (S)´ −

w0
³ eR (S)´

w
³ eR (S)´ +

e−r eR(S)l ³ eR (S)´w
³ eR (S)´

σ
R eR(S)
S

e−rxl (x)w (x) dx
> 0 (A4)

holds, it can be shown that the second-order condition ( ∂2U(S,R)
∂R2

¯̄̄
R= eR(S) < 0)

is satisfied.
Taking the optimal consumption path and the future optimal retirement

choice into account, we now obtain the first-order condition for optimal
schooling. Substitute (4) and (8) into (2) to express the objective function
in terms of S only. Denote it by

V (S) =

Z T

0

e−ρxl (x)
c
³

x, S, eR (S)´1− 1
σ − 1

1− 1
σ

dx−
Z eR(S)
0

e−ρxl (x) f (x) dx.

The objective is to choose S to maximize V (S). Differentiating it leads to

V 0 (S) = c
³
0, S, eR (S)´− 1

σ

"
h0 (S)

Z eR(S)
S

e−rxl (x)w (x) dx− e−rSl (S)h (S)w (S)

#
.

Thus, the first-order condition for schooling is given by (9). When

w0 (S∗)

w (S∗)
+
2h0 (S∗)

h (S∗)
−h

00
(S∗)

h0 (S∗)
−μ (S∗)−r−

e−r eR(S∗)l ³ eR (S∗)
´

w
³ eR (S∗)

´
R eR(S∗)
S∗ e−rxl (x)w (x) dx

∂ eR (S∗)

∂S
> 0

(A5)
holds, it can be shown that the second-order condition of the maximization
problem is satisfied (V

00
(S∗) < 0).
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6.2 Comparative statics

Totally differentiating (8) with respect to eR (S) and μ (x0), and simplifying,
we obtain

∂ eR (S)
∂μ (x0)

=

−1
σc(0,S, eR(S)) ∂c(0,S,

eR(S))
∂μ(x0)

r − ρ+
f 0( eR(S))
f( eR(S)) − w0( eR(S))

w( eR(S)) + e−r eR(S)l( eR(S))w( eR(S))
σ
R eR(S)
S e−rxl(x)w(x)dx

. (A6)

Totally differentiating (8) with respect to eR (S) and S, and simplifying, lead
to

∂ eR (S)
∂S

=

h0(S)
h(S)
− 1

σc(0,S, eR(S)) ∂c(0,S,
eR(S))

∂S

r − ρ+
f 0( eR(S))
f( eR(S)) − w0( eR(S))

w( eR(S)) + e−r eR(S)l( eR(S))w( eR(S))
σ
R eR(S)
S e−rxl(x)w(x)dx

(A7)

When (A4) holds, it can be shown that (A6) leads to (18), and (A7) leads
to

sign

"
∂ eR (S)
∂S

#
= sign

⎡⎣h0 (S)

h (S)
− 1

σc
³
0, S, eR (S)´

∂c
³
0, S, eR (S)´
∂S

⎤⎦ (A8)

Using (A1) and (9), it can be shown that at the optimal year of schooling,

∂c
³
0, S∗, eR (S∗)

´
∂S

= 0. (A9)

A change in years of schooling will generally affect lifetime labor income.
According to the first-order condition (9) for schooling, the optimal school-
ing choice is made to maximize lifetime labor income (and thus, the initial
consumption level is maximized). As such, a change in S, evaluated at the
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 Survival 
function 

Is retirement 
age 
endogenous? 

Elements of 
schooling cost 

de la Croix and  
Licandro (1999) 

Exponential No Foregone earning 

Hu (1999) Exponential No Foregone earning 

Bils and Klenow (2000) Rectangular No Foregone earning 
and tuition cost 

Kalemli-Ozcan, Ryder 
and Weil (2000) 

Exponential No Foregone earning 

Boucekkine, de la Croix 
and  Licandro (2002) 

BCL Yes Foregone earning 

Boucekkine, de la Croix 
and  Licandro (2003) 

BCL No Foregone earning 

Echevarria (2004) Rectangular Yes Foregone earning 

Echevarria and Iza 
(2006) 

BCL Yes Foregone earning 

Hazan (2009) Rectangular Yes Foregone earning 

Heijdra and Romp 
(2009) 

Gompertz-
Makeham 

No Foregone earning 

Cervellati and Sunde 
(2010) 

General No Foregone earning 

 

Note: BCL stands for the two-parameter specification used in Boucekkine, de la Croix and 
Licandro (2002). 

 

Table 1: Recent Papers on Mortality Decline and Schooling Years 
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Figure 2: Indirect Effects on Schooling Years through Retirement Age 
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