% /EF Bonn

Zentrum fir Entwicklungsforschung
i Center for Development Research
Universitat Bonn

Oded Stark, Y ong Wang

Overlapping

Number

50

ZEF — Discussion Papers on Development Policy
Bonn, August 2002



The CENTER FOR DEVELOPMENT RESEARCH (ZEF) was established in 1997 as an international,
interdisciplinary research institute at the University of Bonn. Research and teaching at ZEF aims
to contribute to resolving political, economic and ecological development problems. ZEF closely
cooperates with national and international partners in research and development organizations.
For information, see: http://www.zef.de.

ZEF — DIsCUSSION PAPERS ON DEVELOPMENT PoLIcY are intended to stimulate discussion among
researchers, practitioners and policy makers on current and emerging development issues. Each
paper has been exposed to an internal discussion within the Center for Development Research
(ZEF) and an external review. The papers mostly reflect work in progress.

Oded Stark, Yong Wang: Overlapping, ZEF — Discussion Papers On Development
Policy No. 50, Center for Development Research, Bonn, August 2002, pp. 17.

ISSN: 1436-9931

Published by:

Zentrum fur Entwicklungsforschung (ZEF)
Center for Development Research
Walter-Flex-Strasse 3

D - 53113 Bonn

Germany

Phone: +49-228-73-1861

Fax: +49-228-73-1869

E-Mail: zef@uni-bonn.de
http://www.zef.de

The authors:

Oded Stark, Center for Development Research, University of Bonn
Yong Wang, City Univergty of Hong Kong




Overlapping

Contents

Acknowledgements

Abstract

Kurzfassung

1 The idea

2 The analytical framework

3 The effect of an extended overlapping on human capital formation
4 The welfare effect of an extended overlapping
5

Complementary reflections

Appendix

References

ST U N S

12
14

16
17



List of Figures

Figure 1
Figure 2
Figure 3
Figure4
Figure5
Figure 6

ZEF Discussion Papers on Development Policy 50

10
11
11



Overlapping

Acknowledgements

Partid financid support from the Humboldt Foundation is gratefully acknowledged.



Overlapping

Abstract

We propose a new microeconomic explanation for the divergent experiences of
economies in forming human capitd. We suggest that the podtive effect of a longer life
expectancy on human capital formation arises from two separae effects a life expectancy effect
and a prolonged intergenerationa overlap effect. We argue that the duration of the overlap
between generations and the associated parental support can affect the margind cost of human
capita formation and hence its level: parentd support is chegper than market financing. We thus
dtribute the drong corrdation between the formation of human capitd and life expectancy not
merdy to a higher margind bendfit arisng from a longer payback period but dso to a lower
margind cog aidng from a prolonged intergenerationa overlap. We provide conditions under
which alonger overlap resultsin a higher level of per capita outpuit.

Kurzfassung

Wir schlagen eine neue mikrookonomische Erkl&rung fir die voneinander abweichenden
Erfahrungen von Wintschaftssysemen be der Bildung von Humankepitad vor. Die postive
Wirkung ener langeren Lebensawartung deutet darauf hin, dass Humankepitalbildung durch
zwel  getrennte Wirkungen entdeht: eine  Lebensawartungswirkung und ene anhdtende
Wirkung der Intergenerationsiiberlappung.  Wir  argumentieren, dass die Zetdauer der
Uberlappung zwischen Generationen und die damit verbundene dteliche Unterstitzung die
Grenzkosten der Bildung von Humankapital beeinflussen kénnen und somit auch deren Hohe
Elterliche Untersititzung it billiger ds Marktfinanzierung. Wir schreben daher die  hohe
Korreaion zwischen der Bildung von Humankapitd und der Lebensarwartung nicht nur einem
hoheren Grenznutzen zu, der durch ene langere Rickzahlungsdauer entsteht, sondern auch den
niedrigeren Grenzkosten, die durch eine verldngerte Intergenerationsiiberlappung entstehen. Wir
lifern Bedingungen, unter denen eine langere Uberlappung ein hoheres Ertragsniveau pro Kopf
ergibt.
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1 The idea

It has been long recognized that the stock of human capitd affects the level of per capita
output in an economy. Whether the effect arises because human capitd is an ordinary input in
the economy’s production function or because the effect manifests itself through enhancement of
total factor productivity (in that it leads to the cregtion, adoption, implementation, and diffuson
of new technologies) are largdy empirical issues. The notion that an economy that forms a large
quantity of human capitd will have a higher per cepita output than an economy that forms a
andl quantity of human capitd can safdy be taken as given, requiring little, if any, additiond
inquiry. But why is it tha one economy has, or forms, abundant per capita human cepitd, while
another has, or forms, little per capita human capitd? Why does the per capita human capitd gap
between economies not close? Much — though not dl — of the human capitd in an economy is
the result of decisons made by individuds. Clearly, saverd factors are involved and one of them
is life expectancy: a longer life expectancy entals a longer payback period that in turn
encourages larger invesments in human cgpitd. An economy congding of individuds with a
long life expectancy will then form more human capitd than an economy congging of
individuas with ashort life span.

The impact of a lengthened life expectancy comes from the returns sde of the human
cgpitd investment cdculus the margind benfit is higher. We ague, however, that typicdly,
imbedded in a lengthened life expectancy is a lowered margind cost of forming human capitd.
We seek to unearth this effect and study its role in accounting for the divergent experiences of
economies in the formation of human capitd. We suggest that the lowered margind cost effect
arises from a correlate of extended life expectancy: prolonged duration of the overlap between
generations. Suppose that as long as they are dive, parents support the human capita formation
of their children, and that the parental support is chegper than market financing. An extended life
expectancy that results in a prolonged overlap entails more parenta support, which in turn can
fogter the formation of more human capitd. An example will serveto illudrate.

Suppose that life expectancy is 45. An individud gives birth to one child when the
individud is 20 years of age. The child is cared for in his infancy and for as long as he engages
in acquiring human capitd, conditiond on the individud being dive. The age & which the child
makes the human capitd formation decison is 15. At this age, if the child were to engage in
human capital formation, the child could expect parenta support for up to 10 years If the child
finds it optima to devote more than 10 years to human capita formation, he can do so by
borrowing at a fixed market interest rate. When the child reaches the age of 20, he gives hirth to
a child whom he, in turn, will support in the same manner in which he was supported. Suppose
that the child finds it optima to acquire human capita for a little more than 10 years, say for t
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years in excess of 10. During these years the child has to bear the entire cost of forming human
capital, which includes the market rate of interest.

Suppose now that life expectancy is 55. Retaining dl other assumptions as before, the
child can now expect parentd support for up to 20 years. To see the implications of this
assumption for human capitd formation, consder the case 0<t <10. All of the years of human
capitad formation previoudy financed by commercid loans now become parentaly supported,
interest-free years. Since the margind cost of forming human capitd goes down, more human
cepitd will be formed. This effect is separate from the returns to human capitd, a margind
benefit that arises from the addition of years during which returns to the human capitd
investment can be reaped.

In section 2 we present our andyticd framework. In section 3 we investigate formally
the effect of extended overlapping on the formaion of human capitd by optimizing individuas.
To this end we decompose the “gross’ life expectancy effect into a “net” life expectancy effect
and an overlgpping effect. In section 4 we trace the wefare implication of extended overlgpping
for an economy that is subjected to such a change. In section 5 we further explain the rationde
underlying our idea and offer a suggestion as to how to differentiste empiricdly between the
overlgpping modd of human cepitd formation and the receved modd of human capitd
formation.
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2 The analytical framework

Congder an overlapping-generations economy. In every period ¢ a generation is born. A
generdion conggs of a continuum of individuas of measure N. Each member of generdtion ¢
has a dngle parent in generdtion ¢-1, and each parent of generation 7-1 has a Sngle offpring in
generation ¢. The economy condgts, therefore, of a continuum of dynasties of measure V.

Individuds live for two periods. In the firg period of their lives, individuds work and
form human capital. In the second and last period of their lives individuals work and procreate.
Let the duration of the first period be normdized a 1, and let the duration of the second period
be 0</<1. Thus the individud’s lifespan is 1+. An individud gives birth to a child &fter

[°(CQ) of [/ has dapsed. Thus, /7 °[-[° measures the duration of the overlgp between the
individua and his child.*

Let s, represent the proportion of the first period that an individua chooses to alocate to
human cepital formation. Hence (1- s,) of the first period is dlocated to work. The first period
earnings of a member of generation ¢ thus become (1- s,)w, where w;, is the prevalling wage at
time . Investment in human capita is costly. Let the cost be a proportion | of the individud’s

wage. The cogt of forming human capitd is born by the individud’s parent as long as the parent
is dive, and by the individua himsdf through borrowing a the market interest rate if additiond

human cepitd is formed past the parent's death. When the child reaches the point [© of the
second period of his life he has a child. That child too is faced with a choice of alocating the
firg period of his life between work and human cepitd formation, drawing on his parent's

support in a manner akin to that described above, that is, up to a duration of /7. The amount o
human capitd (measured in efficiency units of labor) that is avalable in the second period of the
individud’s life, generated by investment of the time proportion s, in human capitd formation
in the firgt period, is given by j (s;) where j (0)=1; j (s,)>1, j €s5,)>0, j &s,) <O for dl
s, T (0)); Ilgnoj &s,) =¥, and ISi[g]lj §s,)=0.2

! Alternatively, it can be assumed that the individual gives birth to a child during the first period of hislife and that
the child reaches the human capital formation age only at a point in time that is 1+ into theindividual’slife. The
years prior to that point in time are immaterial since they do not affect the child’'s human capital formation
decision.

2 The assumption that the human capital investment has a lagged effect on productivity, affecting the efficiency
units of labor in the second period of the individual’s lifetime, is expositionally convenient but is not essential.
Our analysis also applies in the case in which the human capital investment affects the individual’ s productivity in
thefirst period of hislifetime.

4
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Let c4+1 be consumption in the second period of the individud’s life The individud’'s
preferences are represented by the utility function u(c+1) where u€c,,,) >0and u®c,,,) £ Ofor

dl ¢,30; u0)>-¥. Thus, u(c+) is drictly increesing, concave, and bounded from below.

For amplicity’s sske we have assumed a preference for consumption only in the second period
of life

Given r;, w;, wua, the humen capita formation decison of the individud's child, and
recdling j (s,), the individud chooses the proportion of time dlocated to human capitd

formation S0 as to maximize his utility. Namely,

st = agmaxu(c,.) &
where
€y = @+7)@A- s)w, -€max(s, - 1700w, ]+] (s,)w,,,-é mn(s,,,[7)w,,.

Given the assumptions concerning the utility function and the production function of
human capitd, the solution to (1) is unique and interior (that is, the proportion of time dlocated
to human capital formation maintains s; T (0,1) ) and is given by the firgt-order condition

(1+r;)[1+| d(S; - lp)]wt :j qst)lwnl (2)
where d(x) =1 for x >0, and d(x) =0 for x£0.2

We now describe briefly the economy. We have in mind a smdl overlgoping-generations
economy that operates in a perfectly competitive world in which economic activity extends over
an infinite discrete time.  In every period the economy produces a single consumption good
usng perfectly durable capitd and labor measured in efficiency units in the production process.
The supply of capitd in every period conssts of the resources that were not consumed in the
preceding period in addition to net international borrowing. Capita is perfectly mobile across
countries and the rate of return to cepitd is a a dationary podtive levd, 7, in terms of the
consumption good. The supply of labor in every period is the sum of the aggregate supply of
“raw” labor by the current generation and the aggregate supply of human capita-augmented
labor by the preceding generation. Production occurs within a period according to a congtant
refurns to scde production function which is invariant across time. Therefore, the output
produced at time¢, Y, is

Yt = F(Kt’Lt) © Ltf(kz)1 k[ :Kt /Lt’ (3)

® The second-order condition for amaximum, j ®s )iw,,, <0, holds.
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where K; and L, = (1- s,)N +]j (s,,)IN are the capital and labor employed a time ¢,

respectively.  The production function f{k) is drictly concave and drictly monotonic increasng.
Producers operate in a perfectly competitive environment. The inverse demand for factors of
production is therefore given by the first order conditions for profit maximization

r, = f&,); (4)
Wy = f(k) - qut)kt’ (5)

where r, and w, are the interest rate and wage a time ¢, respectively, and output is the
numerare.  Given the unredricted nature of the internationd capita markets, the economy’s
interest rate is exogenoudy given a the world level 7. Consequently, the capital-labor ratio

employed in production is stationary at aleve k|
k=fei(r), (6)
and thewageis Sationary a aleve w,
w=f(k)- f&k)k . (7)

Snce the economic environment in which the individua optimizes is dationary, we can
ignore time subscripts and rewrite (2) as

@+A)[L+] d(s- 17)] =] &s)/. 8)

The right-hand sde of (8) measures the margind benefit of human cepitd formation.
The margind cogt of human capitd formation is measured by the left-hand side of (8), which has
two components. The firg component is the usua opportunity cost of forgone earnings (plus
interest) and the second component reflects the impact of the overlap between parents and
children. When the duration of the period of human capitd formaion chosen by the child is
shorter than the duration of the overlap, d(s - /”) =0; the entire cost of human capita formation
Is born by the parent and the second component vanishes. However, when the child chooses to
form human capitad for a time span that is longer than the duration of the overlgp with his parent,
d(s-/7) =1 the magind cost of forming human capitd incorporaes the extra cost of financing
human capitd formation through the marketplace.
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3 The effect of an extended overlapping on
human capital formation

Although in this pgper we are interested in investigating the consequences of the duration

of the overlap between parents and children as measured by /7, typicdly an increese in [” arises
from the prolongaion of life expectancy [. Therefore, a change in [ affects the endogenous
vaiables through two channds changing the life expectancy, and varying the duraion of the
overlap between parents and children. We are able though to separate the effects of a changein /
on the invesment in human capitd that arises from these two channds. While there are many
interesting models that focus on the link between human cepital formation and life expectancy
(recent examples include Stark 1999, chapter 2; Kdemli-Ozcan, Ryder, and Weil, 2000; and
Leung and Wang, 2001), our investigation of the overlapping-duration channe is nove.

Suppose that there is an increase in . The right-hand side of (8), as a function of s, shifts
upward: the conventiond life expectancy channd is & work. As a result of the increase in |,
individuas live longer and hence are able to regp the returns to human cepitd formeation over a
longer period, rasing the margina benefit of human capita formation. But the increase in [ dso

increases [ by the same amount (keeping /¢ congant), which in turn affects the margina cost
of human capitd in the left-hand sde of (8) in a more subtle way. The left-hand side of (8), as a
function of s, is essentidly a step function with the jump occurring a s =/”. Upon an increase
in /7, the jump in the margina cogt function occurs a a later point in time, thereby extending the
range within which the margind cos of human cepitd formation is low. This is due to the
overlgpping-duration channd: a larger /7 implies a longer overlgp between parents and children,
which in turn dlows children to enjoy parentd support for forming human capitd for a longer
period of time. To the extent that the extra parentd support lowers the cost of forming human
capitd a the margin, the overlgpping-duration channel is operative as it encourages additiond
human capitd formation that would not have been possble had the intergenerational overlap
remained the same. In short, while the life expectancy channe operates from the benefit sde, the
overlapping-duration channel  operates from the cost Sde. The following figures illudrate
circumstances in which the overlgoping-duration channd isfully operdtive.

Suppose that / rises from /; to /,, and hence /7 risesfrom [{to /{ . Figure 1 shows that

individuals initidly choose s; <If for engaging in humen cepitd formation so that their entire
invesment is pad for by the parents and no market finance takes place. Following the increase
of / from [, to /,, the margina benefit curve shifts up due to the life expectancy effect, and the

margina cost curve extends the range (the darkened segment between /{ and /4) within which
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A i
margina benefit; & 2 ()

marginal cost / j '(s)

@+7@a+1)
@a+7)
N . >
0 51l 55 13 1 S
Figure 1
A . -
margina benefit; 276
marginal cost /Zﬂ '(s)
L+F)A+1)
(1+7)
- >
0 1P s, 1% 1 F
Figure 2
A N
margina benefit; & 2 '()
margina cost /lﬂ (s)
@+7)@a+l)
(1+7)
. >
0 1P sy s, 1% 1 s

Figure 3
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human cepitd formation is family financed (the overlapping-duration effect). Consequently,
individuels choose s,. Had the cost structure of humen cepitd formation been the same as
before (that is, without the overlapping-duration effect), the life expectancy effect done would
have resulted in a duration of human capitd formation equal to /7, which is less than s,. Hence

the additiona period d human capitd formation of s; - 17 can be atributed to the pure effect of

the overlapping duration. In Figure 2, individuds initiddly choose s =17 for humen capita
formation s0 that the condraint of parentad supported humaen capitd formation just binds.
Following an increase of /from /; to /,, and of /” from [/} to /{, individuds choose /7. Inthis
cae the life expectancy effect results in a duration of human capitd formation that is equa to
only s,, and the overlgpping-duration effect contributes to the additiond increase of /5 - s'z in
the duration of human cegpitd formation. Smilaly, Figure 3 illudraies the case in which
individudls initidly choose s, >1f, reying on maket finandng ebove and beyond the
overlapping period with their parents. Following the increeses in /[ and /7, they choose 17,

wherein the overlapping-duration effect again contributes to the additiond increase of 7§ - s'2 in
the duration of human capital formation.

Having provided a nontexhaudive lig of cases in which the overlapping-duration channd
is operaive in human capitd formation decisons, we should add that, of course, the
overlapping-duration channd is not aways operative. Nonethdess, the combined effect of the
life expectancy channd and the overlgpping duration channd is dways postive.

Propogtion 1: An increase in [ will increase human capital formetion, that is, $>0, for

dl 11 (02).
Proof: See appendix.

Our argument so far amounts to a satement that the podtive effect of a longer life
expectancy on human capitd formation arises from two distinct effects a pure life expectancy
effect and a prolonged intergenerationa overlapping effect. Yet decomposng an effect into its
condituent parts fals short of demondrating that each part has a life of its own. Thus, we next
invetigate the pure overlapping-duration effect, sudying its role in isolation from, and
independently of, the conventiond life expectancy effect.

Suppose that individuds give birth to their children a& a somewhat earlier age while ther

life expectancy remains intact. This change entails an increase in 7 that is not associated with a
change in I. While, by condruction, the right-hand sde of (8) remains undtered so that the life

expectancy channd is not operative, the change in 7 dfects the left-hand sde of (8) through the
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overlgpping-duration channd. To illudrate the pure effect of the overlapping duration on human
capitd formation, suppose that /7 incresses from [ to 1§ (keeping / condant). To facilitate

comparison we condder once agan three cases. In Fgure 4, individuds initidly choose to form
human capital for a period that is shorter than the duration of the overlgp with ther parents,

sI <If. In this case a prolonged overlapping has no impact on the individuals decision as to
how much human capitd to form. In Fgure 5, the initid decison is to st the period of human
capital formation equal to the duration of the overlap, that is, s; =1f. In this case, the extended
overlgp has a cler and podtive effect — it increases the individuds human cgpitd formation
period to s,. Laslly, Figure 6 presents the case where individuals initidly choose a duration of
human capitd formation, sI, that exceeds the duration of the overlgp with ther parents. The
extended overlap prompts additiona human capitd formation, provided that the increese in the
duration of the overlap is large enough (that is, as large as 14 >s;). We summarize these results
on the pure effect of overlapping in the following proposition.

Propostion 2: An increesein /” from [ to [§ without any change in / leads to a dtrict

increase in human capital formation by the young, thet is, s, > sy ,if s, =1 orif I <s; <I5.

A

margina benefit; 4 '(s)
marginal cost A/
@+7@a+1)

@+7)

N
\
0 s 1 II 1 >
Figure 4
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, . A
margina benefit;

margina cost I '(s)
@+7a+l1)
@+7
- S~ >
0 s, 1Y 1 s
Figure5
marginal benefit;
marginal cost I '(s)
@+r)a+l)
1+7)
* * >
0 [V s, s, 17 1 s
Figure 6

11



ZEF Discussion Papers on Development Policy 50

4 The welfare effect of an extended overlapping

We have shown that the duration of the intergenerationd overlgp of individuas with their
paents can impact podtivdly on an individud’'s formation of human cgpitd. This channd of
influence isindependent from the usua repercussion of the life expectancy channd.

To andyze the wdfae effect of extended overlapping both when it operates in
conjunction with the life expectancy effect and when it operates independently of the life
expectancy effect, we fird cdculate the per capita output. Since the economy’s labor input
measured in efficiency units is L=[(1- s)+] (s)l]N, the economy’s total output (given (6)) is
Y = Lf(k), and population sizeis N +IN = (1+[)N , per capitaoutput is:

__ Y s+ 0lr®)

T @+)N 1+/ ®)

y

We present our results regarding the welfare implication of an extended overlgoping in
the two cases, that is with and without a sSmultaneous change in life expectancy, in the
following proposition.

Propostion 3: (i) For a given DI =DI” >0, Dy >0 holds, and (ii) for a given DI?>0 but
D/ =0, Dy >0 holdsaslong as Ds >0. In both cases, Dy islarger thelarger is Ds .

Proof: (i) Denoting s© s(/) and differentiating both sdes of (9) with respect to /, we
have
dy _[- s'() +] (s)+] '(&)s' D@+ D) - [1- s +1j (9)]
dl 1+1)?

_S(k) 2 (o) (8)- 1450
“wnd) OO

S (k)

Hence, for agiven DI >0, we obtain

o f(k) e, o (s)- 1450
D=9 (1+z)§ﬁ () - s'(l) + ey
Since j '(s)/ >1 from (8), s'(/) >0 from Propodtion 1, and j (s) >1, it follows that

Dy > 0.

12
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(if) Since [ is condant in this case, denoting s° s(/”) and differentiaing both sdes of (9)
with respect to /7, we have
A SR ey

di? (1+1)
Hence, for agiven DI” >0, we obtain
D/—(lﬂ) o @) -1snydl a0 i ()1 - 1as.

Agan, sncej '(s)! >1 from (8), it followsthat Dy >0 aslongas Ds > 0.

ﬂ‘ﬂy >0, gnce j '(s)/ >1. Hence, the larger

S

theincreasein s tha arisesfrom agivenincreasein / or /7, the larger theincreasein y. [

In both cases, it is easy to see from (9) that

When an extended overlapping, resulting from prolonged life expectancy, brings about
additiond human capitd formation as illustrated in Figures 1-3, it dso raises the per capita
output. Similarly, when an extended overlapping that is not accompanied by a change in life
expectancy induces additional human capitd formation as illustrated in Figures 5 and 6, it dso
rases the per capita output. Therefore, whenever the overlgpping duration channd is operative,
gther in conjunction with the life expectancy effect or independently of it, an increase in the
intergenerationd overlap is wefare improving. By the same token, a shortening of the overlap
between parents and their children can have an adverse impact on human capitd formation, and
hence on welfare.

Corollary: Condgder two identica economies in which the overlgoping duration channd is
operative. The economy that experiences an increase in the duration of the overlgp will enjoy a
higher per cepita output than the economy in which the duration of the overlgp remans
unchanged.

13
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5 Complementary reflections

In a highly sylized economy in which materid capitd is the only production input, the
production function is concave, and the cost of acquiring capitd is linear, a lengthening of the
lifespan of capitd prompts the optima acquistion of more cgpitd. The pioneers some four
decades ago of the modern theory of human capita, notably Jacob Mincer, Theodore W. Schultz,
and Gary S. Becker, were duly aware of the powerful analogy between the effect of the lifespan
of materid capitd and the effect of longevity, as a proxy of the length of the period during which
human capitd renders a return. Yet, while the acquistion of more materid capitd (machinery)
today in response to a lengthened lifespan would presumably crowd out the acquigtion of
materia cagpitd tomorrow, a lengthened life expectancy could crowd in human capita formation
by the next generation. Here, the direct andogy between the two types of capitd apparently
breaks down.

The pogtive effect on human capitd formation of overlgoping with a parent arises from
the parent’s provison of support for the child's formation of human capita. In the absence of
any reverse transfer from the child to the parent, the motive for the parenta support is atruism.
In this paper we assume parentd dtruism within dynesties rather than explan why and how it
evolves — an issue that we address in related work (Falk and Stark, 2001).4°

While assuming that the parent provides somewhat less than full support for the child in
the child's pursuit of human capitd will affect the absolute Sze of the effects in our modd, it
will not change its quditative predictions.

A widdy hdd view mantans that in developing economies, deayed mariage and
postponed childbearing will hasten the pace of economic development and entail a higher per
capita output. The rationde is that as a consequence of delay and postponement, the denominator
in the output per capita ratio will be smadler, and the nominator will be larger snce adults (young
women) will be spending more of therr productive time producing in the economy rather than
tending to home production (rearing children). Yet if the economic environment in which such
changes occur is characterized by a fixed (or little-changed) life expectancy, the
intergenerationd  overlap will be reduced, possbly impinging negatively on human capitd
formation (Proposition 2), and on per capita output (Proposition 3).

4 The extended overlap is tantamount to enhanced altruism, an effect studied in Stark, 1999 chapter 1. There, as
here, the effect on the child’ swellbeing is positive.

° We further assume that parental altruism takes the form of sharing a meal, not imposing a will; parents do

not decide for their children how much human capital the children should form.

14
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To discriminate between the received modd of human cepitd formation and the
overlapping modd, congder a seiting in which the life expectancy of the individud’'s parent is
ring (the intergenerationd overlgp is lengthened), the individud's life expectancy is dedining,
yet the individud invess more in human capitd formation. Such as aitcome can only arise from
the operation of the overlgpping effect since the individud’s negetive life expectancy effect (the
shortened duration of the payback period to an invesment in human capitad) implies reduced
investment in human cgpitd by the individud. The same discriminating test agpplies if the life
expectancy of the individud’'s parent is rigng, and the individud’'s life expectancy remans
unchanged.

If the poor in an economy overlap with their children for a shorter time span than do the
rich, the children of the poor will run out of parenta support earlier than the children of the rich,
and could therefore acquire less human capitd even if al children have access to equaly priced
market finance. Thus, rendering the terms under which children from poor families can borrow
in order to pay for their acquistion of human capitd equa to the terms under which children
from rich families can s0 borrow may not equdize the investment in human capitd environment
for the two types of children under differentid overlgpping.

A low likdlihood that a cosily human capita formation today will be rewarded by a flow
of returns tomorrow dampens investment in human cgpitd. Among the condgderations that
impinge on his likdihood is the rik to life emanaing from civil drife. It is less gppreciated
though that the probability that civil grife will occur is negativey affected by the leve of
investment in human capitd: people who stand to lose a large quantity of human capitd are less
indined to resort to violent means of settling disputes and resolving conflicts than people who
risk only meager quantities of human capitad. To the extent that an extended overlgp entals the
formation of a larger quantity of human capitd, the duration of the overlgp will be corrdated
negatively with the likdlihood of civil grife or with the likelihood of brutdity.
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Appendix

Proof of Propostion 1: For both s</?” and s>/”, tha is the margind bendfit curve
intercepts ore of the two horizontd portions of the margind cost curve, the left hand sde of (8)
is congtant and hence we obtain from differentiating both sides of (8) with respect to /:

., . s _
] () +] (S)IW—O-

Thus, for both s</? and s>17, E=M

w )

posshilities the margind benefit curve intercepts the margind cost curve i. a the interior of its
verticd portion; ii. & the lower corner of its verticd portion; and iii. a the upper corner of its
vertica portion. Suppose s =77 and case i. is true, that is, (1+7) <j '(I?)/<@+7)(1+I1). By
continuity (1+7) <j '(/? +DI?)( +DIl) <(1+7)A1+1) hods for auficiently smdl DI =DI”.
This implies that the new margind benefit curve passes through the new margind cost curve in
the interior of the verticd portion, in other words Ds =D/ =DI? for auffidently smdl D/,

implying s/ =1. Suppose s =/” and case ii. is true, that is, (1+7) =] '(I?)]. Then s/

< p sap

will be equa to ethr 1 o - L) wichever is smaller. 1f - ) <q
NG NG

(7)Y =j (- I°) is decressing in [ and hence j '(I” +DIP)(I+Di)<j '(I7)I=1+F for

afficdently sndl DI =D/” (>0). It then follows tha the new margind benefit curve will
intercept the new margind cost curve a its lower horizonta portion for smadl increases in [,
s + Ds) -

Ds

>0. When s=/7, there are three

1)y = (s + Dy). Letting DI

implying j ‘(s +Ds)(/ +DI) =1+7 =) '(s)/, or %}J (

-, P
E:-_J”ﬂ>o. If, on the other hand, 1£-_JL,
AN Rl

1+7=j'({?) Ej '(I? +DI?)(I+D/) hods for sufficently smndl D/ =D/” (>0). Since by
continuity j ‘(I +DI?)( +Dl) <(1+7)1+1) dso holds for smdl DI =D/” (>0), the two
curves mugt intercept a the vertica portion of the new magind cost curve for smal
DI =DI? (>0), implying Ts//=1. Alternatively, suppose s =/” and case iii. is true, tha is

tend to zero, we have

iv(1p
@+7)@+1)=j (D). Once again, Ts/9/ will be equa to either 1 or - %, whichever is
J "

smdler, Inany event we have s/ 1/ >0 at s =17 . This completes the proof. []
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