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Abstract

This paper examines the effect of age-specific mortality on the pattern of investment

and economic development. In the presence of mortality risk, altruistic parents have an

incentive to invest more in tangible assets (physical capital) that are readily transferable to

future generations compared to their own intangible human capital. They also invest in the

human capital of their children. The model is calibrated to the US and South Africa. The

effect a mortality shock is shown to have strong distributional effects across cohorts and

aggregate effects. The loss of human capital from an HIV/AIDS shock sets back economic

development; advanced economies, more reliant on human capital, suffer more.
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1 Introduction

This paper studies the impact of adult mortality on the choice between different income gen-

erating assets and its consequences for intergenerational transfer and economic development.

We differentiate between physical assets and human capital as alternative sources of future in-

come, one of the key distinction being the latter’s “inalienability” (Hart and Moore, 1994). Phys-

ical assets such as land and capital are readily transferable across people in a way that human

capital is not. This difference becomes important when an investor faces lifetime uncertainty

that can cut short her amortization period.

When altruistic parents derive pleasure from bequests, the utility of an asset depends on its

transferability to the future generation. The possibility that an investor may die prematurely

but leave some of her physical assets to her survivors enhances the internal return on physical

assets vis-a-vis human capital. This creates an incentive for parents to invest in physical as-

sets versus their own human capital. Altruistic parents also have the option of improving their

children’s lives by directly imparting human capital to them through time investment. This too

suffers when parents die prematurely.

These effects of lifetime uncertainty on portfolio choice are embedded in a dynamic dynas-

tic model. We use it to study the effect of mortality shocks. The HIV/AIDS epidemic in sub-

Saharan Africa over the last three decades has caused untold misery. However, its economic

impact is still debated. Authors such as Young (2005) and Acemoglu and Johnson (2009) argue

that epidemics can actually generate a long-run per-capita income boom due to higher labor

productivity effect from a diminished work force. Weil (2007) finds similar evidence. Other

papers such as Bell et al. (2006), Chakraborty et al. (2010) and Aghion et al. (2010) find the

opposite. One outcome of this debate is the recognition that we need better, micro-founded

models of health behavior that can offer testable predications about the effect of health at a

disaggregated level.

Much of the literature studying the effect of infectious disease on economic development

has considered that disease affects the whole population in the same manner. This is, however,

ignores the fact that diseases such as HIV/AIDS have affected different age groups very differ-

ently across societies. Therefore it is essential that we understand better the compositional

effects of age-specific mortality on economic development.

An overlapping-generations model people with four distinct “ages” – childhood, youth, mid-

dle age and old age – each with age-specific mortality risk is calibrated to the US and South

Africa. Agents are allowed to accumulate wealth through physical capital and human capital

investment. They value child quality and the bequests they leave in the event of pre-mature

death. The model economies are then subject to age-specific mortality shocks. A negative shock

to middle-age survival lowers steady-state consumption across cohorts yet improves output per
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capita, albeit by a small margin, as the human capital scarcity prompts higher educational in-

vestment by the youth in themselves and in their children. Surprisingly a negative shock to

child mortality has an even stronger positive effect on output per capita despite consumption

suffering: the human capital response is stronger still. A counterpoint to these “gifts of the dy-

ing” (Young, 2005) is the effect of a mortality shock among the youth. By preventing investment

in their children and in their own human capital, the shock adversely affects overall human

capital. Consumption and output per capita drop sharply.

We conclude our analysis by producing an HIV/AIDS shock of the kind that South Africa

suffered during 1990-2000 when age-specific survival rates fell among children and, especially,

young and middle-aged workers. Quantitative results show that consumption falls over the life-

time, the surviving young accumulate more assets but the surviving middle-aged and old have

less. Education suffers the most since the epidemic targeted prime-age adults. The overall effect

is to lower South Africa’s GDP per capita by 8%. Interestingly the same HIV/AIDS shock can have

an even more adverse effect on an advanced economy such as the US: the mortality shock low-

ers GDP per capita by as much as 16%. Underlying this difference is the non-transferability of

human capital: in a more physical-capital reliant economy, death among adult cohorts is partly

offset by the higher bequests (transfers) received by surviving cohorts. In a human-capital re-

liant economy such as the US, the human capital of the deceased is lost and with it is lost pro-

ductive capacity. AIDS orphans’ human capital suffers too because of parental absence. While

surviving adults do respond to the human capital scarcity by stepping up investment in them-

selves and their children, it is not enough to compensate for the loss.

The paper is related to several strands of work in the literature. On one side, the differential

nature of human and physical capital investment, the compensatory effect of lifetime uncer-

tainty on human capital and the role of bequests for wealth and consumption distributions

are studied by Razin (1976), Krebs (2003) and De Nardi (2004) respectively. On the other side,

the economic effects of health and epidemics is a theme running through several recent works

such as Acemoglu and Johnson (2009), Aghion et al. (2010), Bell et al. (2006), Chakraborty et al.

(2016) and Young (2005).

Our analysis specifically suggests the positive effect of the AIDS epidemic on income per

capita in Young (2005) owes to the focus on child mortality and reduced fertility. We do not

model the fertility channel, but subsequent works have questioned if the fertility effect was

negative (Kalemli-Ozcan and Turan, 2011). What our work suggests instead is that it is impor-

tant to be mindful of the age-distribution of mortality shocks. HIV/AIDS took its heaviest toll

among working-age adults whose loss of lives extracted a much higher economic cost through

the human capital channel.1

1Age-specific effects of the HIV epidemic on fertility behavior, are also studied in Durevall and Lindskog (2011)
and Wang et al.’s (2013).
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Related to our work, Galor and Moav (2004) differentiate between physical and human cap-

ital in terms of their technological characteristics. According to these authors, the fundamental

asymmetry between human and physical capital accumulation is that the former is subject to

quicker diminishing returns due to physiological constraints. Our focus on another asymmetry,

in transferability, complements Galor and Moav.

The following section presents the overall structure of the model and household behavior.

Household optimal choices and the aggregate equilibrium are constructed in section 3. The

model is calibrated and the effect of mortality shocks are analyzed in section 4.

2 Structure of the Economy

In a discrete-time economy, overlapping generations of households invest in human and phys-

ical capital subject to lifetime uncertainty.

Specifically, each individual potentially lives for four periods, the first period being child-

hood. The three subsequent periods of adulthood are labeled as youth, middle-age and old-

age. Every period, the individual faces mortality risk. Let s denote the survival probability in a

particular period of life and suppose survival outcomes are realized at the end of each of the 4

periods. Fertility is exogenous – a young adult gives birth to 1+n offsprings at some point in her

early youth if she survives from childhood to youth. n > 0 ensures an ever shrinking population

since childhood survival rates can be less than 1. The size of the cohort born at date t is denoted

by Nt .

Children are passive, only receiving parent-provided education. Individuals are retired in

the last period of their lives when they draw down their savings. Successive generations are

linked through parental educational investment and bequests. Under “warm glow” altruism,

parents can derive pleasure from bequests in any period of their lives depending on their own

survival. For example, in investing, a young person will take into account the added benefit

from transferring financial (tangible) assets in the event she does not survives into middle-age.

For simplicity, suppose that all bequests are made through a fund at the beginning of each

period, and the fund allocates them to all surviving individuals in the same amount. This could

be the case, for example, if agents take out insurance claims so that they receive a share of the

bequests left should their parents survive and pay a fraction of the bequest inherited if they die.

In a developed society this deal could be carried out through an insurance company. In less

developed societies, it could be implemented at the village level by some sort of “communal

trust”.
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2.1 The Household’s Recursive Problem

Consider the problem faced by an agent born in period t−1. For given prices, the state variables

defining her decision problem at t are collected in the vector (at ,ht ,bt ). These represent the

agent’s financial assets carried over from the previous period, her human capital from prior

(net) investment and inheritances (if any) received.

A person born in t −1 is a child (c) at t −1, young (y) in t , middle-aged (m) in t +1 and old

(o) in t +2. Individuals start their adult lives at t with no financial assets but human capital ht−1
t

that is realized through parental investment during their childhood. For survival rates we use

the notation sτt to denote the probability for an individual born in τ ≤ t of surviving period t .

For example, st = (s t
t , s t

t+1, s t
t+2, s t

t+3) denotes the vector of survival rates for an individual born

in period t over her lifetime. The first is an unconditional probability, the rest are conditional

on living up to that date; s t
t+3 = 0.

It will be useful to specify the individual’s optimization problem for each period of adult-

hood.

Decisions in Youth

In period t , the agent’s problem is

Vt (at ,ht ,bt ) = max
ct ,at+1,et ,xt

{
u(ct )+γ(1+n)ψ(hc

t )+βs t−1
t Vt+1(at+1,ht+1,0)

+(1− s t−1
t )sc

t (1+n)φ
(

at+1
sc

t (1+n)

) }
(1)

subject to

ct = [1−et −xt (1+n)]wt ht +bt −at+1, (2)

ht+1 = g (et ,ht ), (3)

hc
t = q(xt ,ht ). (4)

There is no cost to raising children, only in educating them at a time cost of x per child. In

the problem, si
t refers to the (unconditional) probability that an agent is alive at the end of her

i age given that she was age i in period t , with i ∈ {c, y,m,o}. In particular, sc
t = s t

t in the above

problem, and so
t = 0 for all t .2 A parent invests in the human capital of all children (denoted by

hc
t ) but, should he himself die, enjoys altruistic pleasure from (equitable) asset transfers to his

surviving children by society. We are imposing certainty equivalence with respect to childhood

survival, i.e., the parent behaves as if sc
t (1+n) children survive and weigh the bequest motive

accordingly.

2Since not much educational investment takes place in the first five years of life, sc
t should correspond to survival

rates among 5−15 year olds.
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We will consider the CES functional specifications

u(ct ) = lnct , (5)

ψ(ht ) = lnht , (6)

and

φ(zt ) =φ ln(1+ zt ) . (7)

The production functions are

g (et ,ht ) =
(
1+ et

υe

)θ
h1−θ

t , θ ∈ (0,1) (8)

and

q(xt ,ht ) =
(
1+ xt

υx

)η
h1−η

t , η ∈ (0,1). (9)

Specifications (8) and (9) for g and q respectively ensure that corner solutions (et or xt = 0) are

feasible. The q specification incorporates an intergenerational externality while for g , the com-

plementarity between ht and et follows from Heckman’s (XXXX) emphasis on the importance

of early childhood education for future outcomes. Again, the individual’s ht is the hc
t−1 that his

parent chose in the previous period.

Decisions in Middle-Age

The decision problem in t +1 becomes

Vt+1(at+1,ht+1,0) = max
ct+1,at+2

 u(ct+1)+βs t−1
t+1Vt+2(at+2,ht+2,0)

+(1− s t−1
t+1)s y

t+1(1+n)φ

(
at+2

s
y
t+1(1+n)

)  (10)

subject to

ct+1 = (1+ rt+1)at+1 +wt+1ht+1 −at+2. (11)

The probability that the child is alive at the end of date t + 1 is given by s y
t+1 = s t

t s t
t+1. The

individual has no incentive to invest in skills since she will retire the following period.

Decisions in Old-Age

The decision problem becomes much simpler in t +2

Vt+2(at+2,ht+2,0) = max
ct+2,at+3

{
u(ct+2)+ sm

t+2(1+n)φ

(
at+3

sm
t+2(1+n)

)}
(12)
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subject to

ct+2 = (1+ rt+2)at+2 −at+3 (13)

where sm
t+2 = s t

t s t
t+1s t

t+2.

2.2 Production

The unique final good is produced from physical capital and labor:

Yt = At K α
t L1−α

t , α ∈ (0,1); (14)

where Lt is effective labor supply by young and middle-aged workers at time t and At is aggre-

gate productivity that grows at the exogenous rate G ≥ 0.

Equilibrium wage and interest rate, wt and rt respectively, are determined by the usual com-

petitive market conditions

wt = (1−α) At

(
Kt

Lt

)α
, (15)

1+ rt = αAt

(
Lt

Kt

)1−α
. (16)

assuming that physical capital fully depreciates in one generation.

3 Equilibrium

3.1 Household Decisions

The solution to the generation-t − 1 household’s optimization problem is derived backwards

starting with the last period of life.

Old Age

The Kuhn-Tucker necessary and sufficient first order condition associated with bequests is

u′(ct+2) ≥φ′
[

at+3

sm
t+2(1+n)

]
(17)

and at+3 ≥ 0.

1. Case 1: If the agent leaves no bequests (at+3 = 0), then she consumes her entire accumu-

lated savings:

ct+2 = (1+ rt+2)at+2. (18)
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2. Case 2: If on the other hand, positive bequests are left, (17) holds with equality:

ct+2 =
φsm

t+2(1+n)+ (1+ rt+2)at+2

1+φsm
t+2(1+n)

(19)

and

at+3 =
[
φ(1+ rt+2)at+2 −1

1+φsm
t+2(1+n)

]
sm

t+2(1+n) (20)

from the budget constraint (13).

Middle Age

The consumption Euler condition

u′(ct+1) ≥βs t−1
t+1

∂Vt+2

∂at+2
+ (1− s t−1

t+1) φ′
[

at+2

s y
t+1(1+n)

]
(21)

can be rewritten as

u′(ct+1) ≥βs t−1
t+1(1+ rt+2)φ′

[
at+3

sm
t+2(1+n)

]
+ (1− s t−1

t+1)φ′
[

at+2

s y
t+1(1+n)

]
(22)

using optimal decisions in old age and the Envelope Theorem.

Under logarithmic preferences, consumption is always desirable and the optimality condi-

tion must hold with equality. Therefore,

1

ct+1
= βs t−1

t+1

[
1+ sm

t+2(1+n)φ
]

(1+ rt+2)

sm
t+2(1+n)+ (1+ rt+2)at+2

+
(
1− s t−1

t+1

)
φs y

t+1(1+n)

s y
t+1(1+n)+at+2

. (23)

It can be shown that the optimal c t−1
t+1 that solves this expression is:3

c t−1
t+1 =

−τb −
√
τ2

b −4τaτc

2τa
; (24)

3This is one of two solutions to the second-order polynomial τac2
t+1 +τbct+1 +τc = 0. It can be shown that the

other solution always leads to negative values of at+2.
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where

τa = (1+ rt+2)+ z4t+1

τb = − {[(1+ rt+1)at+1 +wt+1ht+1] [2(1+ rt+2)+ z4t+1]+ z2t+1 + z3t+1}

τc = z1t+1 + [(1+ rt+1)at+1 +wt+1ht+1]2 (1+ rt+2)

+z2t+1 [(1+ rt+1)at+1 +wt+1ht+1]

and

z1t+1 = [
sm

t+2(1+n)
]

s y
t+1(1+n)

z2t+1 = [
sm

t+2(1+n)
]+ (1+ rt+2)s y

t+1(1+n)

z3t+1 = s y
t+1(1+n) βs t−1

t+1

[
1+ sm

t+2(1+n)φ
]

(1+ rt+2)+ [
sm

t+2(1+n)
](

1− s t−1
t+1

)
φ

z4t+1 = (1+ rt+2)
{
βs t−1

t+1

[
1+ sm

t+2(1+n)φ
]+ (

1− s t−1
t+1

)
φs y

t+1(1+n)
}

Youth

Young agents allocate resources towards their own consumption and education and their chil-

dren’s education with the associated optimality conditions

u′(ct ) ≥βs t−1
t

∂Vt+1

∂at+1
+ (1− s t−1

t ) φ′
[

at+1

sc
t (1+n)

]
(25)

βs t−1
t

∂Vt+1

∂ht+1
ge (et ,ht ) ≥

{
βs t−1

t
∂Vt+1

∂at+1
+ (1− s t−1

t ) φ′
[

at+1

sc
t (1+n)

]}
wt ht (26)

γ(1+n)ψ′(hc
t ) qx(xt ,ht ) ≥

{
βs t−1

t
∂Vt+1

∂at+1
+ (1− s t−1

t ) φ′
[

at+1

sc
t (1+n)

]}
wt ht (1+n). (27)

Potentially (25) can hold with inequality since middle-age consumption can be financed exclu-

sively from labor income (unlike in old age) and still leave income for saving. For computational

convenience, we will however restrict the parameter space such that (25) holds with equality.

Applying the envelope theorem to (10), we have

∂Vt+1

∂at+1
=βs t−1

t+1(1+ rt+1)(1+ rt+2)φ′
[

at+3

sm
t+2(1+n)

]
+ (1− s t−1

t+1)φ′
[

at+2

s y
t+1(1+n)

]
(28)

∂Vt+1

∂ht+1
= ∂Vt+1

∂at+1

wt+1

1+ rt+1
. (29)

Because the human capital production functions and bequest utility can deliver corner solu-

tions, we have four cases:
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1. Case 1: (26) and (27) hold with inequality when xt = et = 0. Using expression (28), (25)

becomes

u′(ct ) ≥ β2s t−1
t s t−1

t+1(1+ rt+1)

{
(1+ rt+2)φ′

[
at+3

sm
t+2(1+n)

]
(30)

+(1− s t−1
t+1)φ′

[
at+2

s y
t+1(1+n)

]}
+ (1− s t−1

t )φ′
[

at+1

sc
t (1+n)

]
.

2. Case 2: Only (26) holds with inequality, et = 0. FOCs (25) and (27) hold with equality.

Combining them along with (28) and (29) give

ct =
hc

t wt

γχη
(υx +xt )1−η hη

t . (31)

This taken to (30) provides ct . Alternatively, we can write xt as a function of ct as follows

xt = ctγη

wt ht
−υx . (32)

3. Case 3: Only (27) holds with inequality. Combining (25), (26), (28) and (29) obtains

et = 1−xt (1+n)+ It bt − ct

wt ht
+ sc

t (1+n)

wt ht

1−φ ct (1− s t−1
t )

1− (1+rt+1)wt hθt
µwt+1

 . (33)

In this case xt = 0. Again, equation (33) together with (30) determines equilibrium ct .

4. Case 4: All optimality conditions hold with equality. As long as xt > 0 and ct > 0, the

consumption decision is given by (31). In the same way, as long as et > 0 and ct > 0, the

middle-age agent’s schooling decision is given by (33). Combining them with (30) we end

up with a system in which the only unknown is xt .

3.2 Aggregation and Market Clearing

Let us change notation a bit and denote stock variables a and h corresponding to different

cohorts by zτt , the value of z in period t for an individual born in τ≤ t . If we assume that those

claims exist, bequest per individual is given by

bt =
sm

t−2Nt−4 at−4
t + s y

t−2(1− s t−3
t−1)Nt−3 at−3

t + sc
t−2(1− s t−2

t−1)Nt−2 at−2
t

sm
t−1Nt−3 + s y

t−1Nt−2 + sc
t−1Nt−1

. (34)
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The numerator collects the bequests left by individuals who died last period, and the denomi-

nator gives the population size alive in t .

In addition, given that physical capital depreciates completely, the labor and capital aggre-

gates are given that the following equilibrium conditions:

Lt = sc
t−1Nt−1ht−1

t + s y
t−1Nt−2ht−2

t , (35)

and

Kt = s y
t−1Nt−2 at−2

t + sm
t−1Nt−3 at−3

t . (36)

the right hand side corresponding to labor and capital supplied by agents alive at t . Bequests

are invested in capital, but only after being inherited for a period. Labor is supplied by the

young and middle-aged, and capital by the middle-aged and old.

Finally, note that the interest rate is pinned down by the small open economy assumption.

Specifically, due to capital mobility, the domestic interest factor is R = R∗ for all t ≥ 0.

4 Quantitative Exercises

To what extent does the transferability of physical assets versus the inalienability of human

capital affect welfare when the population is subject to mortality shocks? We analyze this and

other implications of the model for two different countries: the U.S. and South Africa. The US

represents the benchmark economy to which the deep parameters of the model are calibrated.

South Africa, on the other hand, corresponds to an economy that has suffered a high burden

of the HIV/AIDS epidemics, and has been the subject of many studies dealing with the disease

impact. In our quantitative analysis, our focus is understanding how changing age-specific

mortality rates from the HIV/AIDS epidemic has affected South Africa.

4.1 Calibration

Childhood is taken to last 15 years. Each subsequent period, and there are three of them, is 25

years long. This means a maximum lifetime of 90 years. The life expectancy of cohort born at t

is

LEt = 15+25s t
t

(
1+ s t

t+1 + s t
t+1s t

t+2

)
. (37)

Table 1 provides the parameter values. Benchmark values are the ones for the U.S. econ-

omy. Some of them are standard. The growth rate of income per capita is set to 2% per year,

which implies a gross growth rate for a 25-year period of 1.0225. The discount coefficient (β)

equals 0.99 per quarter, which agrees with the business cycle literature. The share of capital in

aggregate output (α) is, in turn, 0.34, close to one third.
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Table 1: Parameters values assigned in the calibration

Parameters Criteria

sc ; s y ; sm

U.S. 0.9847; 0.9374; 0.7405 WHO Life Tables, males, 1990

S.Africa 0.9199; 0.8387; 0.4891 WHO Life Tables, males, 1990

S.Africa 0.9095; 0.7738; 0.4193 WHO Life Tables, males, 2000

1 + n

U.S. 1.009425 World Bank, Average 1981-90

S.Africa 1.02425 World Bank, Average 1981-90

α; β; 1+ g y 0.34; 0.994∗25; 1.0225 Standard in literature

φ

U.S. 1.8 Consumption share 67% of GDP

S.Africa 2.17 Consumption share 61% of GDP

γ; η= θ 0.271; 0.635 de la Croix and Doepke (2003)

υx 0.041 x = 0.082

υe 0.0689 Average years of schooling of 12.3

1 + r 1.04325 Capital-ouput ratio of 3/25

The evolution of population size depends on fertility and mortality rates. Mortality rates

for the years 1990 and 2000 are obtained from the Life Tables provided by the WHO in its

Global Health Observatory Data repository. The HIV virus spread rapidly during 1990–2000.

The benchmark population growth rate is chosen to be 0.94% per year, the U.S. mean for the

period 1981-1990, that is, during the decade before the start of the HIV outbreak. Benchmark

mortality rates, in turn, are given by the U.S. economy in 1990 through the lx indicator, that is,

by the number of people left alive at ages 15, 40 and 65. This gives values of 98.47%, 93.74% and

74.05% for the unconditional survival probability of children, young and middle-age agents,

respectively. Table 1 shows alternative values too (from the same sources) that correspond to

South Africa. These are later used in the computational experiments.

For the bequest function (7), we pick the benchmark value of φ so as to reproduce a house-

hold consumption share in aggregate output of 67%, the average in the U.S. economy during

1991–2010 (World Bank). Later, we also target the mean for South Africa’s consumption share,

61%, during the same period. This implies a benchmark value of φ= 1.8, and a value 2.17 spe-

cific to South Africa.

We follow de la Croix and Doepke (2003) in choosing children-related parameters. The au-

thors assign a value of 0.271 to the weight γ placed by parents on child quality and a value of
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0.635 to a parameter similar to η that influences the elasticity of human capital with respect to

a child’s education. In addition, they calculate that the opportunity cost of a child till the age of

15 is equivalent to about 7.5% of the parents’ time endowment. In their model, however, each

time interval is equivalent to 30 years, whereas in ours, periods last 25 years. We then pick υx so

that xt at steady state equals 8.2% in the benchmark case, slightly above the one chosen by de

la Croix and Doepke. The value of υx obtained is 0.041.

Finally, we pick the parameters governing human capital accumulation in youth, (8). The

elasticity of human capital with respect to education θ is set equal to η, the elasticity for human

capital formation during childhood: θ = η = 0.635. The value of υe is chosen so as to generate

a total of 12.3 years of education in steady state. This corresponds to the average educational

attainment in the U.S. at the beginning of the relevant time interval, 1990. To reach it, a young

agent needs to generate 3.3 additional years to the 9 that were already acquired as a child, as-

suming that schooling starts at 6 years of age. This means that the variable et in steady state

must equal 0.132, that is, young individuals allocate 13.2% of their time to education. The im-

plied value of υe is 0.0689. Notice that because υe > υx , this means that investment in the child’s

education is more productive than investment in human capital in youth.

4.2 Quantitative Results

Restricting ourselves to the steady-state of the model, we now turn to quantifying the effects

on consumption, saving, physical and human capital investments, and GDP per capita of sev-

eral key parameters. More specifically, we conduct three experiments. First, we look for the

response to a weaker preference for bequests. Second, we assess the effect of changes in age-

specific survival rates. Third, and most importantly, we evaluate through the lenses of our

model the impact of the mortality rate variations observed between 1990 and 2000.

Table 2 presents results from the first two exercises, and compares them to the benchmark

case. The values are normalized except for time fractions e and x. This normalization divides

each variable by G1/(1−α), the long-run growth rate of G1/(1−α) for per capita output because of

exogenous total factor productivity in aggregate output (14).

4.2.1 Lower Preference for Bequests

Bequests are essential in the model to replicate the appropriate consumption share in GDP,

else household consumption would be too high. In addition, the possibility of leaving bequests

opens the door to different roles of human and physical capital. The reason is that physical

capital is transferrable through bequests, whereas human capital is transferable only through

education within the family. Furthermore, the importance of the bequest motive may vary with

economic development. This is something that we have allowed in our calibration; recall that
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the value of φ in the case of South Africa has turned out larger than for the U.S.. development.

Comparing the first and second rows in Table 2, we observe the response to a weaker pref-

erence for bequests. The fall inφ from 1.8 to 1 leads to more consumption in youth and middle-

age and, from further down the table, a larger consumption share (Ct /GDPt ). Assets (ay
t+1, am

t+1, ao
t+1)

and education (et ) investment both fall, the former by relatively more than the latter. Conse-

quently the value of a young person’s education investment relative to assets (et wt /ay
t+1) rises.

Since parents still value child quality to the same extent as before, not surprisingly, investment

in child’s education (xt ), increases when they derive lower utility from financial bequests. Fi-

nally as expected, aggregate output per capita (GDP pc,GN P pc) both fall.

Table 2: Normalized steady-state values, US benchmark, selected variables

c y
t cm

t co
t ay

t+1 am
t+1 ao

t+1

Benchmark 0.474 0.432 0.351 0.070 0.304 0.360

φ1 = 1 0.520 0.435 0.321 0.041 0.204 0.183

s t
t −0.06 0.300 0.697 0.570 -0.005 0.487 0.584

s t−1
t −0.06 0.441 0.383 0.288 0.113 0.249 0.295

s t−2
t −0.06 0.472 0.428 0.381 0.070 0.313 0.359

Ct /GDPt xt et et wt /ay
t+1 GDPt pc GN Pt pc

Benchmark 0.671 0.082 0.132 0.420 5.375 0.493

φ1 = 1 0.780 0.088 0.106 0.568 5.365 0.436

s t
t −0.06 0.620 0.057 0.661 -27.761 7.469 0.674

s t−1
t −0.06 0.663 0.078 0.029 0.057 4.369 0.434

s t−2
t −0.06 0.674 0.082 0.136 0.431 5.458 0.494

4.2.2 Shocks to Age-specific Mortality

In our second experiment, we decrease the age-specific survival rates, one at a time. The shock

that we apply to the benchmark case is a 6% fall, similar to the one experienced by South Africa

between 1990 and 2000. When the survival probability of middle-aged individuals decreases

(s t−2
t −0.06, fourth row in Table 2), the effect is small, with a slightly increase in the standard of

living, as measured by aggregate output, of those alive. In contrast, when the mortality rate of

other age groups change, the effect is sizable. Furthermore, the effect of lower survival proba-

bilities of children and young go in opposite directions.

As we can see in row three (s t
t −0.06), higher mortality among children adversely affects a

child’s education and consumption and saving among young parents. However, this initial neg-

ative effect is offset later in life with substantial increases in middle-aged and old individuals’
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consumption, assets, and human capital. The net result is a 39% and 37% increase in per capita

GDP and per capita GNP, respectively. The main reason is the higher productivity of the surviv-

ing labor. However, unlike in Young (2005) where it is from higher labor market participation

by the survivors,4 here it occurs due to higher labor quality in the survivors – own-education

investment by the young rises five-fold. The young are responding to the lower chance of their

children receiving their assets by reallocating towards human capital investment.

The decline in the survival rate of the young, on the other hand, is disastrous for the econ-

omy. As we see in row four of Table 2 (s t−1
t −0.06), the adverse consequences are especially felt

by middle-age and old individuals whose consumption and assets decrease by as much as 18%.

The main cause is the young’s investment in education that falls from 13.2% to 2.9% of their

available time. As a result GDP per capita falls by 18%.

Aggregate Effects

So far, the model has shown that mortality shocks have differential effects on various age groups.

Our next task is assessing the impact of the specific mortality shocks experienced by South

Africa between 1990 and 2000. It is well known that these shocks are a main consequence of

the HIV/AIDS epidemic, e.g., South Africa during that decade saw its surviving children, youth

and middle-age citizens fall by 1.04%, 6.49% and 6.98%, respectively (Table 1).

Table 3 shows the effects of these shocks in three different scenarios. Rows 1 and 2 give

results before and after the shocks in the benchmark (or U.S.) case. Rows 3 and 4 provide pre-

dictions before and after the shocks starting from South Africa’s mortality rates in 1990 and

population growth. Rows 5 and 6 do the same exercise for South Africa as rows 3 and 4 but use

the alternative bequest parameter value of φ= 2.17.

Qualitatively, results are similar in the three scenarios: a fall in consumption all along the

life cycle, an increase in asset accumulation when young but a decline in the last two periods of

life, and a decrease in education investment especially for young agents. Importantly, unlike in

Young (2005), the economies end up worse off in terms of aggregate per capita output after the

disease shock. Quantitatively, the two South African cases provide almost the same predictions;

differences arise only when we compare the South African and the U.S. scenarios. The main

difference between the two is that the negative effect in the more developed nation is stronger:

while disease shocks in the U.S. reduce GDP per capita to 84% of its 1990 level, GDP per capita

in South Africa falls to 92%. This is due to the larger fall in schooling in the former country. In

other words, the higher dependence on human capital in a developed country also means less

capacity to respond to mortality shocks as human capital is inherently non-transferable.

4In our model, the wage rate per unit of effective unit of labor wt pretty much remains the same.
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Table 3: HIV/AIDS shock, normalized steady-state values, selected variables

c y
t cm

t co
t ay

t+1 am
t+1 ao

t+1

US 1990 0.474 0.432 0.351 0.070 0.304 0.360

US after 0.445 0.386 0.320 0.110 0.260 0.297

S.A. 1990∗ 0.377 0.281 0.328 0.102 0.284 0.318

S.A. after∗ 0.353 0.270 0.334 0.121 0.262 0.277

S.A. 1990† 0.354 0.262 0.321 0.113 0.312 0.375

S.A. after† 0.329 0.254 0.331 0.131 0.291 0.332

Ct /GDPt xt et et wt /ay
t+1 GDPt pc GN Pt pc

US 1990 0.671 0.082 0.132 0.420 5.375 0.493

US after 0.667 0.078 0.038 0.076 4.511 0.441

S.A. 1990∗ 0.651 0.069 0.035 0.076 3.739 0.318

S.A. after∗ 0.644 0.065 0.000 0.000 3.412 0.297

S.A. 1990† 0.611 0.065 0.032 0.063 3.629 0.321

S.A. after† 0.604 0.0613 0.000 0.000 3.310 0.299
∗ US calibration, except for country specific mortality rates, and population growth
† US calibration, except for country specific mortality rates, population growth, and

bequest parameterφ

5 Conclusion

Using a dynamic model of portfolio choice between human and physical capital investment

and lifetime uncertainty, we have studied the distributional and aggregate effects of an epi-

demic such as the HIV/AIDS crisis. While the aggregate effects are unambiguously, and strongly,

negative, the cohort-specific effects differ. Lower survival rates make, on the one hand, every-

body more productive at the margin because of factor scarcity. On the other, adults are the ones

that make the investment decisions in physical and human capital. Which effect dominates

depends on which group is affected more strongly by the disease. If the epidemic mainly affects

children, the economy ends up better off economically, whereas it is worse off if the young and

middle-aged die. Using survival rates extracted from the U.S. and South Africa’s Life Tables, we

find that both economies end up worse off after the HIV shock, the US more than South Africa

because of a stronger human capital margin.
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Appendix

Computational steps

Unfortunately, because we are dealing with a nonlinear system, there is no pre-established

method to approximate the solutions. The procedure will try to build progressively the time

path followed by the variables from initial coordinates until the steady state is reached – al-

though we have not proved yet that the latter exists. To achieve this goal, we can do the follow-

ing:

1. Fix values for s t
t , s t

t+1 and s t
t+2 and assume they remain constant.

2. Initial coordinates. Pick values for the stocks: a−3
1 , a−2

1 , a−1
1 , and h0

1 = h−1
1 . Assume a−3

1 = 0,

that is, the old does not leave bequests.

3. From those stocks

(a) Compute endogenous prices w1 and r1, and endogenous bequest b1

(b) And to give an initial guess to their future values, assume that the remain constant

for three periods: w1 = w2 = w3, r1 = r2 = r3, and b1 = b2 = b3.

4. Compute the stock variables’ optimal values for next period: a−2
2 , a−1

2 , a0
2,h1

2,h0
2.

5. Repeat steps 3 and 4 until n periods of optimal values of the stocks have been generated

for given prices and bequests.

6. Using the initial coordinates in 1 and the sequence of values rt , wt and bt given by the

“optimal” stocks each period, regenerate at−4
t , at−3

t , at−2
t ,ht−1

t ,ht−2
t , with t = 1, ..,n.

7. Compute r ∗
t , w∗

t ,b∗
t with expressions (15), (16) and (34), respectively, with t = 1, ..,n.

8. Choose θ ∈ (0,1) and compute r̂t = (1−θ)rt +θr ∗
t , ŵt = (1−θ)wt +θw∗

t , and b̂t = (1−
θ)bt + θb∗

t ,with t = 1, ..,n. Those values r̂t , ŵt , b̂t will represent the next guess for the

needed future endogenous variables.

9. Equalize rt = r̂t , wt = ŵt and bt = b̂t , and repeat 6 to 8 until rt − r ∗
t , wt −w∗

t , and bt −b∗
t

is sufficiently close to zero.

10. Increase progressively n as needed until the steady state is found. Each time n rises, the

whole thing is repeated using the previously found fixed-point values for {rt , wt ,bt }n
t=1.
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Large Preliminary Simulations

• Solve for an individual’s problem in partial equilibrium.

• Use log preferences and pick other parameter values close to De Nardi (2004) who uses

n = 1.2% (net US population growth)

α= 1/3

β= (0.99)25 = 0.78

σ= 1.5

κ= 1

φ1 =−9.5

φ2 = 11.6

The last two parameters are fitted to match features of US and Swedish data.

These parameters may have to be later adjusted for a high mortality/developing country.

• Start with an invariant life table, that is parents and children have the same survival rates

in the four periods of life.

• Choose a benchmark s, draw individual probabilities randomly, and simulate c, a and h

paths.

– Repeat exercise by changing each survival rate one at a time and track how (hc
t ,et )

and (at+1, at+2) change.

– We expect that an increase in s t−1
t will raise the human-to-physical capital invest-

ment ratio et /at+1.

– We also expect sc
t ≡ s t

t should make no difference to hc
t since parents care about all

of their children’s human capital.

– Unclear at this stage how {s t−1
t+1, s t−1

t+2} change the investment propensity et /at+1 but

we expect them to positively affect at+2.
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