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Abstract

Growth dynamics and health outcomes are studied in a three-
period overlapping generations model with public capital. Reproduc-
tive agents face a non-zero probability of death in both childhood
and adulthood. In addition to working, adults allocate time to their
own health and child rearing. Health status in adulthood depends on
health in childhood. With partial persistence in health, pure stagna-
tion may occur. With full persistence, a stagnating equilibrium with
low growth and high fertility may result from poor access to pub-
lic capital. With threshold effects in health status, multiple growth
regimes may emerge. A reallocation of public spending toward health
or infrastructure may shift the economy from a low-growth equilibrium
to a high-growth, low-fertility steady state.
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1 Introduction

It is now well recognized that investments in health can influence the pace of
economic growth via their effects on a variety of health outcomes and health-
related factors, including life expectancy, mortality, labor market participa-
tion and labor productivity, human capital accumulation, savings, fertility
decisions, and demographic structure. Conversely, poor health may impede
not only physical strength but also mental abilities, incentives to invest in
education, and the ability to provide child care; as a result, it may be not
only a cause of persistent poverty, but also an outcome of poverty. There
is much evidence to support this two-way causality; Lorentzen, Mcmillan
and Wacziarg (2008), for instance, found a bidirectional link between life
expectancy and income. Finlay (2007), in a cross-country study, found that
growth, education, and health are determined simultaneously–a result that
also illustrates the importance of accounting for the indirect effect of health
on human capital accumulation in measuring its impact on growth.
From the perspective of development theorists, a natural implication of

the empirical evidence is that growth, development, and health outcomes (as
well as their implications for demographic variables) should be studied jointly
to understand how stagnation and poverty traps may emerge, and what to
do to escape from them. This recognition has led to a number of recent
contributions, based on overlapping generations (OLG) models, in which life
expectancy (or more precisely the probability of dying) is endogenized. Most
noteworthy among them are Blackburn and Cipriani (2002), Kalemli-Ozcan
(2003, 2008), Chakraborty (2004), Cervellati and Sunde (2005), Hashimoto
and Tabata (2005), Finlay (2006), Hazan and Zoabi (2006), Bhattacharya
and Qiao (2007), Tang and Zhang (2007), Castelló-Climent and Doménech
(2008), and Osang and Sarkar (2008). In an important contribution, Black-
burn and Cipriani (2002) developed a three-period OLG in which educational
investments are pursued simultaneously with working and child bearing. This
approach, however, may be less relevant for developing countries, where there
is more sequentiality between education and child bearing. More impor-
tantly, the survival probability depends only on human capital; in the model,
parents’ choice of education of their children determines only indirectly the
longevity of their offspring and their income. As a result, the survival rate is
exogenous from the point of view of the marginal decisions of individuals.1

1In an Appendix to their paper, Blackburn and Cipriani (2002) consider the case where
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Chakraborty (2004) developed an OLG model in which life expectancy is a
linear function of public health expenditures, which are funded by a tax on
wage income. In turn, agents’ wage income depends on the society’s rate of
capital accumulation, which is increasing in longevity. Interactions between
life expectancy and savings generate therefore multiple equilibria and health-
income traps: a short life expectancy slows down capital accumulation and
economic growth, while a lower income shortens life expectancy–which in
turn lowers savings and investment. Because wages rise continuously with
the level of output per worker, health status rises perpetually. In addition, as
in Blackburn and Cipriani (2002) and Hashimoto and Tabata (2005), health
status remains independent of private decisions.
By contrast, Finlay (2006), Bhattacharya and Qiao (2007), and Tang and

Zhang (2007) all relate longevity to private spending on health. In partic-
ular, Finlay (2006) uses a model similar to Chakraborty (2004), but where
health expenditures are chosen by individuals (rather than by a public health
system) and where human capital is the engine of (endogenous) growth. In
her model, private agents therefore “choose” indirectly their survival prob-
ability by setting the level of health expenditure. However, decision rules
cannot be explicitly derived and numerical methods must be used to study
the economy’s equilibrium. More generally, neither one of these three stud-
ies recognizes that health status may depend on a variety of factors (beyond
human capital), including time allocated to one’s health and access to public
services–a particularly critical issue in developing countries.
This paper contributes to this literature by developing an OLG model

that departs from existing contributions in several important ways. First,
although fertility choices are endogenous, it abstracts from human capital
accumulation. Unlike existing models, I therefore also abstract from the
conventional “quantity versus quality” of children that arises from the fer-
tility and educational choices of parents. Instead, the endogeneity of life
expectancy is related directly to health status, rather than human capital
as for instance in Blackburn and Cipriani (2002) or Castelló-Climent and
Doménech (2008). On the one hand, there is indeed evidence suggesting
that better educated individuals are more able to adopt healthy lifestyles
and to inspire the same type of behavior on their children. Mullahy and
Robert (2008), for instance, found that more educated individuals not only

public policy also affects life expectancy. However, this does not change the fact that the
survival rate remains exogenous from the perspective of individual decisions.
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work more but also exercise more. Silles (2009) found evidence of causality
from schooling to health for the United Kingdom. On the other, however,
there are a number of examples to suggest that better education does not
necessarily lead to better health. Smoking and alcoholism are equally com-
mon in groups with vastly different levels of education; and obesity appears
to be a characteristic of mostly developed (and better educated) countries.2

Health status itself is here taken to depend on a variety of variables, in-
cluding the time that individuals spend taking care of themselves. Quite
naturally, such decisions are treated as endogenous. Unlike a common as-
sumption in the literature, I also assume that time spent on child rearing is
productive (albeit indirectly), because it helps to improve a child’s health–
and hence health later in life. Thus, time allocated to child care is treated
endogenously as well. At the same time, the model assumes that it is “effec-
tive” labor that is used in production; and individuals can provide effective
labor services only if they are healthy. Thus, by enhancing productivity,
health status influences growth indirectly.
Second, in the model the engine of long-run growth is the accumula-

tion of public capital in infrastructure–a key constraint to growth in poor
countries. The model accounts for various sources of externalities associated
with public capital, not only in terms of the production of goods, but also
in terms of the production of health services and the efficiency of time use.
Consequently, the paper takes a broader perspective on the relationship be-
tween health, infrastructure, and growth, in line with the recent literature on
the macroeconomic effects of health services.3 As it turns out, this is quite
important for assessing the effect of changes in life expectancy on growth.
Third, the paper accounts for the fact that health outcomes in childhood
may affect health outcomes in adulthood. As a result, health status displays
persistence, as in Osang and Sarkar (2008). However, in a critical contrast to
that paper, here agents also allocate time to caring for themselves and their
children, and therefore internalize the impact of these decisions. In addition,
health status is not necessarily constant in the steady state.
The remainder of the paper is organized as follows. Section II provides a

more detailed background on the links between access to infrastructure and

2A more general approach, of course would be to consider jointly education and health
status as determinants of life expectancy. However, this would complicate significantly the
analysis and would detract from the main contribution of this paper.

3See for instance Agénor (2008) and Agénor and Neanidis (2006). These contributions,
however, do not deal with demographic issues and time allocation.
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health, and the impact of health status in childhood on health outcomes in
adulthood. The key point is that both of these links have critical implications
for the way individuals allocate their time between working, child rearing,
and taking care of one’s health. Section III brings together these different
elements in the context of a 3-period OLGmodel with public capital. Section
IV solves for the optimal household decision rules. Section V derives the
balanced-growth path under the assumption of partial persistence in health
status and constant survival rates, and discusses the properties of the model.
Section VI considers the case where adult health status is not stationary.
Section VII considers threshold effects associated with health status. I also
address the issue of whether an increase in public spending may allow a
country to escape from a low-growth trap. The last section of the paper
offers some concluding remarks.

2 Background

As background motivation to the model developed in this paper, this section
provides a brief review of the evidence on two key issues: the impact of
infrastructure on health outcomes, and the link between childhood health and
health outcomes in adulthood. I then examine the implications of these links
for understanding constraints and incentives at the individual level regarding
time allocation, and potential lessons for models of growth and development.

2.1 Infrastructure and Health Outcomes

A wide range of recent microeconomic studies have documented the fact that
infrastructure may affect health outcomes through a variety of channels. For
convenience, these effects can be grouped according to whether they relate
to access to electricity, access to water and sanitation, and access to road
and transportation.4

2.1.1 Access to Electricity

The health benefits from electrification may operate through a number of
channels (World Bank (2008, p. 42)): improved functioning of health fa-
cilities; better health from cleaner air as households reduce use of polluting

4See Agénor (2009) for a more comprehensive overview of the empirical evidence.
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fuels for cooking, lighting, and heating; improved health knowledge through
increased access to media; and better nutrition from improved knowledge
and storage facilities from refrigeration.
First, availability of electricity is essential for the functioning of hospitals

and the delivery of health services. Vaccines, for instance, require continuous
and reliable refrigeration to retain their effectiveness. Second, by reducing the
cost of boiling water, access to electricity may help to improve hygiene and
health. Third, getting access to clean energy for cooking in people’s homes
(as opposed to smoky traditional fuels, such as wood, dung, crop residues,
and charcoal) improves health outcomes, by reducing indoor air pollution
and the incidence of respiratory illnesses and child mortality.5 Improvements
in indoor air quality can also come about through changes in lighting source.
Kerosene lamps emit particles that cause air pollution; the extra risk of
respiratory sickness from exposure to this source of pollution translates into
a loss of adult work averaging 3 days per year, and an additional under-five
mortality of 2.2 per 1,000 (World Bank (2008, p. 43)). Thus, substituting
electric lighting for kerosene lamps may have sizable health benefits as well.
Fourth, to the extent that electrification promotes access to media (tele-

vision and radio), it also helps to improve health knowledge and to increase
awareness of health issues. This in turn translates into greater use of modern
contraceptives and child immunization. A World Bank study of Bangladesh
for instance found a significant impact of household electrification on mortal-
ity, through reduced fertility. Other studies have documented the fact that
children born in households using clean fuels (electricity and liquid gas) have
lower infant mortality rates (World Bank (2008)). In a study based on demo-
graphic and health survey data for more than 60 low-income countries, Wang
(2003) found that access to electricity significantly reduces child mortality,
independently of any income effect. These results may be due to the fact that
access to electricity, in addition to reducing the risk of respiratory infections,
facilitates refrigeration of food and boiling of water, which are important to

5Indoor burning of solid fuels emits a substantial amount of particulate matter and
gaseous pollutants like carbon monoxide, nitrogen dioxide, and hydrocarbons. Combustion
of wood, one of the cleaner biomass fuels, emits 50 times more household pollution than
do gas stoves (Smith et al. (2000)). Over 3 billion people worldwide use solid fuels for
cooking, boiling water, lighting, and heating (Rehfuess et al. (2006)). According to World
Bank data, indoor air pollution causes 1.6 million premature deaths every year and afflicts
nearly half of the world’s population, predominantly the rural poor. This makes it the
second leading environmental health threat in the world.
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reduce the incidence of infectious diseases among young children.6

Finally, electricity may also have an indirect effect on health through
education. Because the burden of fuel collection falls primarily on women and
girls in poor countries, the probability of a child attending school decreases
with hours spent collecting wood. In addition to direct, adverse longer-run
effects on growth, reduced school attendance may hamper the transmission
of health knowledge and thus contribute to poor health outcomes.

2.1.2 Access to Safe Water and Sanitation

It is widely acccepted that the lack of safe drinking water and a scarcity of
hygienic sanitation services are primary causes of disease and poor health in
many low-income countries. Water-borne diseases (such as typhoid, cholera,
dysentery, gastroenteritis and hepatitis), as well as water-based diseases (such
as scistosomiasis and guinea worm) are common. For instance, deaths from
diarrhea, a direct result of poor water quality, are the highest in Sub-Saharan
Africa. Access to clean water and sanitation infrastructure may therefore
have a large impact on malnutrition and infant mortality (see Gertler (2005)).
This is indeed what the evidence suggests; for instance, using a multi-country,
city-level database of urban indicators, Shi (2000) found that improved ac-
cess to urban potable water and sewerage connections reduces child mortal-
ity, whereas Wang (2003) found that access to piped water is particularly
important in rural areas.

2.1.3 Roads and Transportation

Improved road and transportation infrastructure may affect health outcomes
also through several channels. First, better transportation networks con-
tribute to easier access for patients to health facilities and health care, par-
ticularly in rural areas. They also make it easier to transport the sick (espe-
cially children) in case of emergency, to carry health medicines where they
are needed, and to facilitate movements of medical personnel between rural
and urban areas–thereby improving the quality of health services.7 Data on

6As noted by Wang (2003, P. 294), the health impact of access to electricity is likely
to be stronger in urban areas, where infectious diseases are more likely to spread as a
consequence of greater population density.

7It is worth noting, however, that constraints to access to medical facilities relate not
only to distance and difficult terrain (which can be mitigated by better infrastructure),

8



national demographic and health surveys in Sub-Saharan Africa show that a
majority of women in rural areas rank distance and inadequate transporta-
tion as major obstacles in accessing health care (see African Union (2005)).
In Morocco, a program developed in the mid-1990s to expand the network of
rural roads led to a sizable increase in visits to primary health care facilities
and clinics (see Levy (2004)). Using cross-section regressions, Wagstaff and
Claeson (2004) found that road infrastructure–as measured by the length
of the paved road network–had a significant effect on a number of health
indicators, such as infant and female mortality rates. Second, to the extent
that lack of public transport inhibits opportunities to attend school, and that
the transmission of knowledge about health risks operates partly through the
education system, improved access to transportation may also generate an
indirect benefit through increases in schooling ratios.

2.2 Childhood Health and Adult Health

There is growing evidence suggesting that late life health is the outcome of a
cumulative process of exposure to health risks in childhood, especially infec-
tious diseases in the first years of life. By determining health outcomes later
in life, health in childhood may therefore play a critical role in the determina-
tion of socioeconomic status in adulthood (Strauss and Thomas (1998)). In-
deed, studies have shown that hunger and infections in early childhood result
in stunting, which in adulthood often brings about substantial income losses.
Using data for the United States, Case, Lubotsky, and Paxson (2002) found
that on average differences in the health status of children between lower-
and upper-income households become more pronounced with age, suggesting
a possible accumulation of adverse health conditions over time. Case, Fer-
tig, and Paxson (2005), using a 1958 British birth cohort who were followed
prospectively into their adult years, found that children who experience poor
health have on average significantly poorer health–as well as lower educa-
tional attainment and lower earnings–as adults. Using data from the Panel
Survey of Income Dynamics in the United States covering 30 years, Smith
(2008) found that poor childhood health has a quantitatively large effect on
individual earnings and labor supply, as well as family income and household

but also to cost and income, which depend on growth and redistribution policies. Greater
access to infrastructure may also have an adverse effect on health outcomes; in some
countries, the spread of AIDS has been attributed in part to greater gatherings of female
sex workers operating along road corridors and seaports.
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wealth. Paxson and Schady (2007) found that health measures such as height
for age and weight for age are positively related to language development (a
measure of cognitive ability) in a study based on Ecuadorian data.
Health in childhood may also affect health and income in adulthood

through education (see Gertler and Zeitlin (1996, 2002)Mayer-Foulkes (2005),
Miguel (2005), and surveys by Behrman (1996) and Currie (2008)). Pain,
fatigue, and malnutrition can reduce the ability to concentrate and to learn.
Illness can crowd out other activities that might be beneficial to child de-
velopment. Some health conditions, such as attention-deficit hyperactivity
disorder or deafness for instance, can also have a direct, negative impact
on cognitive or verbal ability, respectively. Measures of child development,
such as cognitive and verbal ability, have been shown to be good predictors
of various measures of human capital in adulthood, such as earnings and
employment (see Currie (2000)).8

Salm and Schunk (2008) provide one of the first studies to quantify the
extent to which gaps in child development between socioeconomic groups can
be explained by differences in child health. In a study of German data, they
found that 18.4 percent of the gap in cognitive ability and 64.8 percent of
that in verbal ability between children of college educated parents and less
educated parents can be attributed to poor initial health conditions.9 The
results of Kohler and Soldo (2004), who found in a study of Mexico that
individuals with low levels of education have higher mortality rates than
better-educated individuals, may also be due to the fact that the level of
education varies positively with health status.
The link between childhood health and health in adulthood can operate

in the opposite direction as well. There is evidence suggesting that cognitive
and physical impairments of children may begin in utero, due to inadequate
nutrition and poor health of the mother. According to estimates reported
by Bloom and Canning (2005), for instance, an estimated 30 million infants
are born each year in developing countries with impaired growth due to poor
nutrition during fetal life. More generally, the health of parents may also
affect the health of their children, after they are born, to the extent that it

8At the same time, child development may be also related to a child’s socioeconomic
background (see Taylor et al. (2004)). If so then children from disadvantaged families
may fall behind early in life and may be unable to catch up later.

9See also Oreopoulos et al. (2008), who found in a study for Canada that poor infant
health is a strong predictor of future education outcomes.
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determines their physical and mental ability to provide child care.10

2.3 Implications for Time Allocation

Lack of access to basic infrastructure imposes significant constraints on the
allocation of time in poor countries, especially women in rural areas.11 Fuel
collection imposes a time burden of up to 8 hours a week, usually mainly on
women. In Malawi for instance, more than 90 percent of households collect
and use wood as the main source of cooking energy (Nankhuni and Findeis
(2003)). In some countries collection times have risen appreciably, as locally
available firewood as become increasingly scarce. Indeed, dependence on
wood for fuel has contributed to significant deforestation, forcing residents
to travel even farther to collect wood–thereby increasing the amount of
time allocated to that activity. Reducing the time burden associated with
fuel collection may therefore lead to a sizable reallocation of time to other
activities.
Similarly, because the provision of water is poor or non-existent in many

poor countries (especially in rural areas), a substantial amount of time must
be allocated to water collection from either community sources (such as wells
or taps) or open access areas (such as rivers). In most countries the burden
of provision of these services to the household falls again mostly on female
members. In Sub-Saharan Africa, women spend between 0.9 and 2.2 hours
per day collecting water and fuel wood (see Weiss (1999)). Improved avail-
ability of water closer to communities (through pipes or handpump wells)
would generate significant savings in collection time and benefit women dis-
proportionately. In turn, some portion of time savings can be used not only
for productive activity but also for rearing children and taking care of one’s
health, which may also generate indirect benefits in terms of growth.
Lack of roads and transportation imposes a significant burden on time al-

location as well–especially in rural areas. Household members, for instance,
may be forced to spend a lot of (unremunerated) time travelling to work on
foot. In such conditions, the provision of rural roads may lead to significant
time savings. Finally, infrastructure may also improve the efficiency of time
allocated to specific activities. Greater access to electricity for instance, by
improving the ability to boil water, raises the efficiency of time allocated by
10See for instance the results of Powdthavee and Vignoles (2008) for Britain.
11See Ilahi (2000) for a review of the literature on the intra-household allocation of

resources in developing countries.
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parents (or more specifically mothers) to home production and child rearing.
This is quite important because the time allocated to child care is quite sig-
nificant in developing countries–around one hour a day in most cases, but
between one and two hours in countries like Bangladesh, Botswana, Kenya,
and the Philippines (see Brown and Haddad (1995)) and up to three hours
in a country like Nicaragua (see Ilahi (2000)). Similarly, greater access to
transportation also improves the efficiency of time allocated to taking care
of children’s health and parents’ own health–by making it easier and faster
to get to a medical facility.12

The foregoing discussion suggests that, when assessing the impact of in-
frastructure on health outcomes and growth, it is important to account not
only for the direct effects, but also for the indirect effects that may operate
through time allocation. If indeed greater access to infrastructure allows a
more efficient use of time, understanding what households do with these time
savings becomes critical to health and growth. This is because individuals
may consider not only allocating more “raw time” to market work as an
alternative, but also increasing time spent in home production, taking care
of one’s health (which includes travel time to a medical facility, as well as
time spent exercising), and caring for children’s health. Both of the latter
activities would affect health status in adulthood, and therefore productivity,
wages, and growth.13 In addition, health status (rather than human capital,
as discussed earlier) affects also directly life expectancy, and thereby invest-
ment and savings behavior–which in turn may affect growth. I now turn to
a formal analysis that captures these interactions.

12As noted by the World Bank (2008), greater access to electricity makes possible longer
waking hours; household repondents to a survey reported that they stay up, on average, an
additional one to two hours, with much of that extra time allocated to watching television.
To the extent that this is a source of health-related knowledge, this can bring (as noted
earlier) substantial health benefits.
13In their empirical analysis, Kooreman and Kapteyn (1987) distinguished between eight

categories of time use. However, they did not identify time spent taking care of one’s health
among them; neither did they discuss the implications of time allocation for health status
and growth.

12



3 The Model

Consider an OLG economy where one marketed good is produced and indi-
viduals live (at most) for three periods: childhood, adulthood (or middle age)
and retirement (or old age). The good can be either consumed in the period
it is produced or stored to yield capital at the beginning of the following
period. Each individual is endowed with one unit of time in childhood, two
units in middle age, and zero unit in old age. Children devote all their time
to the production of a home good, which produces no direct utility. They
depend on their parents for consumption and health care. All individuals
supply inelastically one unit of labor in middle age; the only source of in-
come is therefore wages in the second period of life, which serves to finance
consumption in adulthood and old age. Savings can be held only in the
form of physical capital. Agents have no other endowments, except for an
initial stock of physical capital, KP

0 at time t = 0, which is held by an initial
generation of retirees.
In adulthood, and in conformity with the “Virgin Mary” hypothesis, each

individual bears nt children, who are born with the same innate abilities and
the same initial health status. However, keeping children healthy involves a
cost, both in terms of the parent’s time, and spending on marketed goods
(medicines, etc.). Adults must decide on the allocation of their non-work
unit of time not only to child rearing, but also to taking care of their own
health, and leisure.
At the beginning of the first period of life and the end of the second, there

is a non-zero probability of dying. Both probabilities are initially taken as
given. The health status of children and adults are taken to depend on dif-
ferent determinants, in line with the evidence of Cutler, Deaton, and Lleras-
Muney (2006). For children, health status depends on the effective time that
parents allocate to rearing their offspring, on access to infrastructure services,
and on the parent’s health. The latter effect is consistent with the evidence,
discussed earlier, suggesting that parents’ physical and mental health (be-
yond short-term stress and strain) affects their children’s well-being.14 In
addition, access to infrastructure also affects the efficiency of parents’ time
allocated to child rearing.
For adults, health status is taken to depend on the effective time spent

14Alternatively, it could be assumed that cognitive and physical impairments of children
may begin in utero, due to inadequate nutrition and poor health of the mother.
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caring about one’s health and health status in childhood. There is therefore
“state dependence” in health outcomes. This specification is consistent with
the evidence discussed earlier, according to which children who experience
poor health have on average significantly poorer health as adults.
In addition to individuals, the economy is populated by firms and an

infinitely-lived government. Firms produce marketed goods using private cap-
ital, labor, and public capital in infrastructure as inputs. The specification
of health status and the goods production technology therefore bring to the
fore some of the key externalities associated with infrastructure, as discussed
in the previous section.
The government invests in infrastructure and spends on health and some

unproductive services. All government services are provided free of charge.
Public capital is nonexcludable but partially rival, due to congestion effects.
It taxes only the wage income of adults. It cannot borrow and therefore must
run a balanced budget in each period. Finally, all markets clear and there
are no debts or bequests between generations.

3.1 Households

At the beginning of their adult life in t+ 1, each individual bears nt+1 chil-
dren.15 Raising a child involves two types of costs: parents spend εRt+1 ∈ (0, 1)
units of time on each of them, namely to take care of the child’s health (breast
feeding, taking children to medical facilities for vaccines, etc.). Each adult
allocates εRt+1nt+1 units of time to that activity. Second, raising children
involves costs in terms of marketed goods. These costs relate to feeding chil-
dren, taking them to medical facilities, buying medicines, etc. Specifically,
each individual spends a fraction θ ∈ (0, 1) of his adult disposable income
on each child’s health. Thus, although access to “out of home” health ser-
vices per se is free, families face a cost in terms of foregone wage income and
consumption.
Let yt+1 denote the individual’s net income in t+1; the total cost of raising

nt+1 children–should all of them survive–is thus given by the sum of the
opportunity cost in terms of foregone wage earnings, and the opportunity
cost in terms of foregone consumption, that is, (εRt+1 + θ)nt+1yt+1. Thus,
in standard fashion (see for instance Barro and Becker (1989) and Galor

15For tractability, the number of children is assumed to be continuous. Integer restric-
tions are thus neglected.
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and Weil (2000)), the existence of these costs creates a trade-off between
the quality and quantity of children–with respect to health, rather than
education.
In addition to raising their children and supplying labor inelastically to

firms, adults allocate time in proportion εHt+1 to taking care of their own
health needs, which includes seeking medical treatment (that is, the time
allocated to going to hospital or visit a doctor) personal hygiene, and exercise.
Doing so involves no direct income loss.16

The probability of survival from childhood to adulthood (at the beginning
of period t+1) is denoted by pCt+1 ∈ (0, 1), whereas the probability of survival
from adulthood to old age (at the end of period t+ 1) is denoted by pAt+1 ∈
(0, 1). For tractability, I do not account explicitly for the random nature of
the number of surviving children and adults; the number of survivors in each
age group is simply given by the expected number of survivors. To avoid
convergence of population size toward zero, I also assume that pCt+1nt+1 ≥ 1.
There is an actuarially fair annuity market that channels savings to in-

vestment in physical capital, KP
t , for production in the next period. With

the annuity market, old-age survivors share the savings plus interest left by
savers who die in adulthood.17 Let rt+2 denote the rental rate of private
capital; the effective rate of return to saving is thus rt+2/pAt+1.
Assuming that consumption of children in the first period of life is sub-

sumed in their parents’ consumption, expected lifetime utility at the begin-
ning of period t+ 1 of a (surviving) agent born at t is specified as18

U = ln ctt+1 + ηL ln(1− εHt+1 − pCt+1nt+1ε
R
t+1) (1)

+ηN ln p
C
t+1h

C
t+1nt+1 + pAt+1

ln ctt+2
1 + ρ

,

16Adding a proportional cost in terms of net income, as was done for health care provided
to children, is straightforward.
17This specification is adopted by Zhang and Zhang (2005) for instance, and many

others. Alternatively, it could be assumed that the saving left by agents who fail to survive
to old age is confiscated by the government, who spends it for unproductive purposes. If
so, however, the life-cycle effect of changes in the adult survival rate would disappear.
18Although uncertainty is not explicitly accounted for in this framework, the discounted

lifetime utility of a generation-t individual at time t depends on the “expected” rate of
return on capital at time t + 2; hence ex ante the lifetime utility is “expected.” Note
also that if the individual does not survive to adulthood, then the maximization problem
becomes degenerate.
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where cit+j denotes consumption of generation i individuals at date t+ j and
ρ > 0 the discount rate. The term pCt+1h

C
t+1nt+1 is equal to actual family size

pCt+1nt+1–which differs from fertility (the number of children per individual),
nt+1, because the child survival rate is less than unity–multiplied by the
health status of a child, hCt . In the standard literature, parents derive utility
from the “raw” production of offspring. Here, however, it is the expected
number of healthy children that matters.
The term 1− εHt+1 − pCt+1nt+1ε

R
t+1 measures leisure in adulthood, whereas

coefficients ηN and ηL measure the individual’s relative preference for leisure
and surviving healthy children. Although adult health status does not pro-
vide any direct utility benefit to the household, as discussed later it affects
it indirectly through wages.19

Suppose that child mortality occurs only at the beginning of the period,
so parents incur no rearing costs for children who die before adulthood.20

Because there is no consumption in childhood, the period-specific budget
constraints are

ctt+1 + st+1 = (1− θpCt+1nt+1)(1− τ)at+1wt+1, (2)

ctt+2 = (1 + rt+2)st+1/p
A
t+1, (3)

where at+1 is individual labor productivity, wt the wage rate, τ ∈ (0, 1) the
tax rate, and st+1 saving.
Combining these two equations yields the consolidated budget constraint

ctt+1 +
pAt+1c

t
t+2

1 + rt+2
= (1− θpCt+1nt+1)(1− τ)at+1wt+1. (4)

Note that although θ itself is not a decision variable, it could be made a
function of the health status of children. A sick child would normally require
more health care, so that θ = θ(hCt+1), with θ0 < 0. This would offer yet
another channel through which parental time allocation may affect growth.
However, for simplicity, θ will be kept constant throughout.

19Note that if death from poor health comes through a painful illness that adults would
prefer not to experience, then pAt+1 itself could also generate utility.
20Alternatively, it could be assumed that rearing costs are incurred for all children,

regardless of whether they survive or not. The assumption in the text is more natural,
given that in many poor countries mortality in childhood tends to occur early in the life
of children.
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3.2 Firms

There is a continuum of identical firms, indexed by i ∈ (0, 1). They pro-
duce a single nonstorable good, which is used either for consumption or
investment. Production requires the use of private inputs, labor and private
capital (which firms rent from the currently old agents), and public capital
in infrastructure.21 Although public capital is nonexcludable (a firm cannot
prevent other firms from using it concomitantly), it is partially rival (use of
it by one firm partly precludes its use by another firm) because it is subject
to congestion. Specifically, congestion is assumed to be absolute, in the sense
that it is directly proportional to the size of the aggregate private capital
stock.22

Assuming a Cobb-Douglas technology, the production function of firm i
takes therefore the form

Y i
t = (

KI
t

K̄P
t

)α(AtN
i
t )
β(KP,i

t )
1−β, (5)

whereKP,i
t denotes the firm-specific stock of capital, K̄P

t =
R 1
0
KP,i

t the aggre-
gate private capital stock, KI

t the stock of public capital in infrastructure, At

average, economy-wide labor productivity (which is the same for all firms),
N i

t the number of adult workers employed by firm i, and α, β ∈ (0, 1). Thus,
production exhibits constant returns to scale in firm-specific inputs, effective
labor AtN

i
t and capital K

P,i
t .

By contrast, public capital in infrastructure is exogenous to each firm’s
production process and affects all individual producers in a uniform manner.
However, its productivity effects are diminished by excessive use, as mea-
sured by the aggregate private capital stock. For instance, the greater the
number of trucks operated by the private sector, the greater the likelihood of
traffic jams and lost time. The greater the use of electricty-powered machine
equipment by individual firms, the higher the pressure on power grids, and
the greater the likelihood of power failures. The higher the number of phones
operated by the private sector, the greater the risk of calls being dropped.
These are particularly important considerations for low-income countries,

21Firms do not invest in publicly provided services because they cannot internalize their
benefits.
22See Eicher and Turnovsky (2000) for a detailed discussion of alternative specifications

of congestion. In the present case, there is a scale effect, in the sense that congestion
increases with the absolute size of the economy.
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where public assets in transportation, energy, and telecommunications are,
to begin with, limited. For each firm to benefit fromKI

t as their capital stock
increases, public capital must grow at the same rate as the aggregate private
capital stock.
Markets for both private capital and labor are competitive. Each firm’s

objective is to maximize profits, Πi
t, with respect to labor services and private

capital, taking as given KI
t and K̄P

t :

max
Ni
t ,K

P,i
t

Πi
t = Y i

t − rtK
P,i
t − wtAtN

i
t ,

where rt is the rental rate of private capital.
Profit maximization yields

wt = βY i
t /AtN

i
t , rt = (1− β)Y i

t /K
P,i
t , (6)

which implies that private inputs are paid at their marginal product.
Given that all firms are identical, in a symmetric equilibrium N i

t = Nt

and KP,i
t = KP

t = K̄P
t , ∀i. Thus, these conditions become

wt = βYt/AtNt, rt = (1− β)Yt/K
P
t . (7)

Because the number of firms is normalized to 1, aggregate output is given
by

Yt =

Z 1

0

Y i
t = (

KI
t

KP
t

)α(
AtNt

KP
t

)βKP
t . (8)

As shown below, in the steady state both the (optimal) public-private cap-
ital ratio, KI

t /K
P
t , and the (optimal) effective labor-capital ratio, AtNt/K

P
t ,

are constant. Output Yt is therefore linear in KP
t . In turn, constant re-

turns to private capital alone result in endogenous growth. A similar result
would be obtained if the congestion factor in (5) was assumed to be aggregate
output, rather than the aggregate capital stock.23

23Alternative formulations of the production technology to generate endogenous growth
would be to specify aggregate output directly as Yt = (KI

tAtNt)
β(KP

t )
1−β , or Yt =

(KI
t )

α(AtNt)
β(KP

t )
1−α−β. However, although the first specification exhibits constant

returns to scale in private capital and effective labor taken together, as well as in private
and public capital taken together, it imposes an implausibly large elasticity of output
with respect to public capital. The second specification, by contrast, imposes diminishing
returns with respect to private inputs; direct payments to capital and labor therefore do
not exhaust output, implying non-zero equilibrium profits or implicit rents. This second
specification is, in fact, similar to what is obtained here, starting from the assumption of
absolute congestion associated with the aggregate private capital stock.

18



Assuming full depreciation for simplicity, private capital accumulation is
driven by

KP
t+1 = It, (9)

where It is private investment.

3.3 Population and Labor Supply

Let Nt be the number of adults at period t; the total number of children
born at the beginning of that period is thus ntNt, so the number of surviving
children is pCt ntNt. The number of old agents alive in period t is the number of
surviving adults from period t−1, that is, Nt−1p

A
t−1. Thus, total population at

the beginning of period t is (1 + pCt nt)Nt +Nt−1p
A
t−1. Moreover, the number

of adults alive in period t is equal to the number of children born in the
previous period, Nt−1nt−1, who survived to period t, that is,

Nt = pCt−1Nt−1nt−1. (10)

Total population at the beginning of period t, Lt, is thus24

Lt = (1 + pCt nt)p
C
t−1nt−1Nt−1 + pAt−1Nt−1. (11)

3.4 Health Status and Productivity

As noted earlier, the health status of children and adults are determined by
different factors. The health status of a child, hCt , depends on the income
spent on goods for each child, the parent’s health status, hAt , the “effective”
amount of time allocated by their parent to rearing them, and access to
public services:

hCt = θ(hAt )
κ(ζtε

R
t )

νC(
HG

t

KP
t

)1−νC , (12)

where HG
t is the supply of public health services (which is also subject to

congestion), κ, νC ∈ (0, 1), and ζt > 0 is an efficiency parameter. First, a
child’s health status is linear in the share of resources spent on each offspring

24The ratio of old agents to adults at the beginning of period t is pAt−1/p
C
t−1nt−1, whereas

the ratio of children to adults is nt. The sum of these two ratios determine the commonly
defined dependency ratio, that is, the ratio of old agents and chidren relative to adults. An
extension of the analysis would be to assume that this ratio affects the share of government
spending on transfers or unproductive outlays.
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θ, because it helps to improve their health and their nutrition, thereby re-
ducing their vulnerability to disease (see for instance Pelletier et al. (2003)
and Caulfield et al. (2004)). Second, a child’s health depends on the parent’s
health. As noted earlier, this may be related to the impact of parents’ phys-
ical ability to take care of their children (which may require walking long
distances, on difficult terrain, to take them to medical facilities).25 Health
status at birth, which could be accounted for by adding a linear term h̄C > 0
in (12), is ignored for tractability.
Third, the health status of a child depends on the degree of efficiency of

the time allocated to him by his parent. Specifically, efficiency is assumed to
depend on access to infrastructure:

ζt = ζ̄(
KI

t

KP
t

)π, ζ̄ > 0, (13)

where π ∈ (0, 1). In particular, greater access to roads or electricity allows
parents to devote less “raw” time to child care, while providing the same ef-
fective time. Again, access to infrastructure is assumed subject to congestion,
as measured by the private capital stock.26

The health status of adults depends (linearly) on their health status in
childhood and (with decreasing returns) on the time that they allocate to
taking care of their own health:

hAt+1 = hCt (ε
H
t+1)

νA , (14)

where νA ∈ (0, 1). As before, it could be assumed that infrastructure en-
hances the time allocated to one’s health; this would be captured by multi-
plying “raw” time by an efficiency factor that depends on access to infrastruc-
ture, as in (13). I abstract from this extension, because (13) is sufficient to
illustrate the main point of the analysis.27

25If this linkage reflects in utero effects, as also discussed earlier, then instead of hAt it
is hAt−1 that should appear in (12). If so, however, one would need also to assume that
adult health in t + 1 generates utility directly, to avoid a corner solution with εHt+1 = 0.
Note also that setting κ = 0 gives results similar to κ < 1.
26Alternatively, the congestion factor could be measured in terms of the number of

adults in period t, Nt, or in terms of the total population, Lt. The specification used here,
however, is more tractable analytically. Note also that, given the linearity of aggregate
output in KP

t , using Yt as the congestion factor in (13) and (16) would not alter the results
in any fundamental way.
27In an initial version of this paper, it was assumed that adult health depends also on

acess to public health services. However, the presence of HG
t+1/K

P
t+1 in (14) complicates

significantly the solution of the model, without adding much insight to the analysis.
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Substituting (12), (13), and (A43) in (14) yields

hAt+1 = Φ(hAt )
κ(εRt )

νC (εHt+1)
νA(

KI
t

KP
t

)ν(
HG

t

KP
t

)1−νC , (15)

where ν ≡ πνC and Φ ≡ θζ̄
νC . Thus, because a parent’s health affects

his children’s health, or equivalently because adult well being depends on
own health in childhood, there is serial dependence in hAt . In the spirit of
Grossman’s (1972) approach, health is therefore viewed as a durable stock–
which can be increased here not only by spending more on goods but also
by allocating more time to taking care of oneself and one’s brood, as well as
improvingaccess to public infrastructure and public health services.28

Adult productivity is taken to be linear in health status:

at = hAt . (16)

3.5 Government

The government taxes only adults at the constant rate τ and spends a total
of GI

t on infrastructure investment, G
H
t on health, and GU

t on other (unpro-
ductive) items.29 It cannot issue bonds and must therefore run a balanced
budget:

Gt = GI
t +GH

t +GU
t = NtτAtwt. (17)

Shares of spending are constant fractions of revenues:

Gh
t = υhNtτAtwt, h = I,H, U (18)

where υh ∈ (0, 1). Combining (17) and (18) therefore yieldsX
υh = 1. (19)

Public capital depreciates fully at the end of each period. Thus, the law
of motion of the public capital stock in infrastructure is given by

KI
t+1 = GI

t . (20)

28See Becker (2007) for a recent overview of Grossman’s approach and the subsequent
literature. The analysis could be extended to account for the possibility that the stock of
health depreciates with age.
29The tax rate is assumed to be announced at the beginning of time and the govern-

ment commits fully and credibly to it; there is therefore no fundamental time-consistency
problem, that is, the possibility to renege on fiscal policy announcements.
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The production of health services by the government exhibits constant
returns to scale with respect to the stock of public capital in infrastructure,
KI

t , and the flow of government spending on health services, G
H
t :

HG
t = (K

I
t )

μ(ϕGH
t )

1−μ, (21)

where μ, ϕ ∈ (0, 1). This specification captures, as discussed earlier, the fact
that, in addition to spending on health per se, access to infrastructure is
critical to the production of health services in poor countries. Coefficient
ϕ is an efficiency parameter that measures the extent to which government
spending on health actually helps to produce health services. The propor-
tion 1 − ϕ measures therefore the fraction of resources “lost” due to poor
management or waste–a common weakness of health systems in developing
countries (see World Health Organization (2000)).

3.6 Market Clearing and Equilibrium

Given the assumptions of full depreciation of each stock of capital, and using
(9) and (20), the market-clearing condition for the goods market is

Yt = Ct +KP
t+1 + (G

U
t +GH

t ) +KI
t+1, (22)

where Ct = Nt[c
t
t + θpCmnt(1 − τ)atwt] + Nt−1p

A
t−1c

t−1
t is total consumption

spending at t.
The asset market-clearing condition requires tomorrow’s private capital

stock to be equal to today’s aggregate savings by adults:

KP
t+1 = Ntst. (23)

The following definition may therefore be proposed:

Definition 1. A competitive equilibrium for this economy is a sequence of
prices {wt, rt}∞t=0, allocations {ctt+1, ctt+2, st, εHt+1, εRt+1}∞t=0, public and private
capital stocks {KP

t+1,K
I
t+1}∞t=0, health status of children and adults {hCt , hAt }∞t=0,

a constant tax rate τ and constant spending shares υI , υH such that, given
the initial capital stocks KP

0 and KI
0 > 0, individuals maximize utility, firms

maximize profits, markets clear, and the government budget is balanced.

In equilibrium, individual productivity must also be equal to the economy-
wide average productivity, so that at = At. The following definition charac-
terizes the balanced growth path:
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Definition 2. A balanced growth equilibrium is a competitive equilib-
rium in which ctt, c

t
t+1, Yt/Nt, KP

t /Nt, and KI
t /Nt, all grow at the constant

endogenous rate 1 + γ, and the rate of return on private capital is constant.

Note that this definition does not require health status of children and
adults (and thus productivity in middle age as implied by (16)) to be con-
stant in the steady state. Assuming that health status be constant in the
long-run equilibrium may seem to be a natural one to make if survival rates
are endogenously related to health. However, there are two separate issues
here. The first is whether health status should be stationary; the second is
whether the survival probability should be as well. Regarding the first, one
view is that there are limits in the long run as to how much medical science
can improve individual health status. Abstracting from other effects, sta-
tionary of health status then implies stationary of the survival rate. Another
view is that there are no real limits on the ability of medical research to im-
prove health status–if only marginally, beyond a certain point. According
to a recent article in Newsweek (December 15, 2008) for instance, legitimate
longevity-boosting treatments could be available in ten years from now.30 If
so, imposing a strictly concave relationship between health status and the
survival rate (akin to a Preston curve) is sufficient to ensure that the sur-
vival probability converges to a value lower than unity in the steady state,
even though health status itself improves indefinitely. This is implicit in the
formulation of Chakraborty (2004) and similar in spirit to Blackburn and
Cipriani (2002), where human capital, which grows without bounds, is the
main determinant of life expectancy. By implication, there is no good reason
to impose stationarity of health status as a requirement for equilibrium, as
in Osang and Sarkar (2008) for instance. In fact, I will consider both views
in what follows.
To illustrate the functioning of the model, I will first also consider the

case where the survival rates are constant at pit+1 = pim ∀t, for i = C,A. The
impact of health status on the economy is thus solely through productivity
in middle age.

30One can even imagine that some day the technology for transplants will improve
sufficiently to allow replacement of any defective organ by using an individual’s “own”
body components, grown separately.
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4 Time Allocation, Savings, and Life Expectancy

Each adult maximizes (1) subject to (4), (12), and (14), with respect to ctt+1,
ctt+2, ε

H
t+1, ε

R
t+1, and nt+1, taking τ , HG

t , ζt as well as p
C
m, p

A
m as given, but

taking into account the impact of their decisions regarding εRt+1 and εHt+1 on
the health status of their children, as well as on their own health status and
their productivity.
The solution of the household problem is provided in the Appendix. It

shows that in equilibrium, εHt+1, ε
R
t+1, and nt+1 are all constant:

σ =
pAm

(1 + ρ) + pAm
< 1, (24)

ε̃H =
η

η + Λ(1 + η)
< 1, pCmñε̃

R = Λε̃H < 1, (25)

ñ =
ηN(1− νC)(1− σ)

θpCm[1 + ηN(1− νC)(1− σ)]
> 0, (26)

where σ is the marginal propensity to save, Λ ≡ ηN(νC/νA)/[κηN + (1 −
σ)−1] > 0, and η ≡ ηNνC/ηL.

31 The following assumption must be imposed
to ensure that pCmñ ≥ 1, as noted earlier:
Assumption 1: θ ≤ ηN(1− νC)(1− σ)/[1 + ηN(1− νC)(1− σ)].

Thus, the fraction of net income spent on caring for each child cannot be
too large.
From solutions (24)-(26), the following proposition can be established:

Proposition 1. An increase in the survival probability from adulthood to
old age, pAm, increases the savings rate and reduces the fertility rate. It raises
the time adults allocate to their own health and lowers total time allocated to
surviving children.

The first two results are fairly standard in the recent analytical literature
(see, for instance, Blackburn and Cipriani (2002), and Zhang and Zhang
(2005)) and consistent with the empirical evidence on longevity and fertil-
ity (see for instance Soares (2006) for Brazil). Through a life-cycle effect, a
higher adult survival rate dictates a need for higher savings to finance con-
sumption in old age, and thereby has a positive effect, ceteris paribus, on

31As shown in the Appendix, ε̃H + pCmñε̃
R < 1, which implies that the time allocation

is feasible and that leisure is positive in equilibrium.
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savings in adulthood. Increasing savings involves also reducing rearing costs,
and thereby lowers the desired number of children.
In addition, here an increase in the survival rate to old age leads, ce-

teris paribus, to more time being allocated to taking care of one’s health
and less time allocated to caring for surviving children. Given that “raw”
working time is inelastically supplied, and that health affects productivity,
parents also increase their savings by allocating more time to taking care
of themselves. This increase in ε̃H is met by both a reduction in total time
allocated to surviving children’s health, pCmñε̃

R, and by a reduction in leisure,
1 − ε̃H − pCmñε̃

R. Substitution in time allocation is thus imperfect.32 The
effect on ε̃R itself is in general ambiguous and depends on preferences and
the parameters that measure the response of health status in childhood and
adulthood to parents’ time, νC and νA. In particular, the lower νC is, and
the higher the ratio ηN/ηL is (that is, the higher the relative preference for
healthy children compared to leisure), the more likely it is that dε̃R/dpAM > 0.
Intuitively, the reduction in the fertility rate allows parents to allocate more
time to each of them to improve their health–even though total time devoted
to child rearing falls. In a sense, then, the response reflects a two-level trade-
off: a standard intertemporal trade-off, which involves adults substituting
leisure today for consumption tomorrow, and an intratemporal “time alloca-
tion” trade-off, which involves substituting rearing time for time allocated to
own health and productivity.
From equations (24)-(26), the following proposition can also be estab-

lished:

Proposition 2. An increase in the survival probability from childhood to
adulthood, pCm, reduces the fertility rate and has no effect on the savings rate
and time allocation.

The fact that the fertility rate is inversely related to the survival proba-
bility from childhood to adulthood is consistent with the result established
by Kalemli-Ozcan (2003) in a stochastic setting that accounts explicitly for
educational choices and ex ante uncertainty about the number of surviving
children. In Kalemli-Ozcan’s model, parents choose the number of births

32To establish these results quite simply, note that the solution for ε̃R can be written as
pCmñε̃

R = Λε̃H . An increase in pAm lowers Λ and raises ε̃
H ; however, the former dominates,

implying that the overall effect on Λε̃H is negative, which means that pCmñε̃
R falls. At

the same time, ñ also falls; given that pCm is constant, the effect on ε̃R is thus ambiguous.
Note that if ε̃R rises, it must do so by less than the fall in in ñ in absolute terms.
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before they know how many children will survive. In a high mortality en-
vironment, they increase the number of births beyond the number required
to produce the desired number of survivors in expectation. As the mortality
rate and thus, uncertainty fall, this precautionary demand decreases. More-
over, lower mortality increases a child’s expected lifespan, which encourages
parents to invest in the human capital of their offspring. The resources al-
located to additional investment in education are freed by the reduction in
fertility. Thus, parents find it optimal to move along a quality-quantity fron-
tier, having fewer children and investing more resources in each one.
By contrast, what drives the results summarized in Proposition 1 is the

fact that in the present setting parents decide on rearing effort, and material
spending per child, after observing child mortality, that is, on the basis of
surviving children. In standard fashion, at the optimum each parent equates
the (expected and actual) marginal cost of rearing a child with the utility lost
in terms of current consumption. By spending more on surviving children,
parents reduce current consumption (which entails a utility loss) but also
increase their health (which raises utility).
The implication, however, is fundamentally the same. A reduction, say,

in the survival probability from childhood to adulthood (or, equivalently, an
increase in uncertainty about a child’s ability to survive to middle age) gener-
ates an “insurance effect,” which translates into an increase in the number of
(or precautionary demand for) children. This is consistent with the evidence
provided by Jeon et al. (2008), who found that an increase in the infant
mortality rate (a proxy for a reduction in the child survival rate) tends to
raise the fertility rate in Sub-Saharan Africa.
However, there is no effect on the time allocated to child rearing, pCmñε̃

R;
the increase in the survival probability is exactly offset by a reduction in the
number of children. In addition, ε̃R does not depend on pCm because it is
the actual number of children that matters for the allocation of time. This
is a consequence of the log-linear utility function chosen here; with a more
general specification (as van be inferred from the results of Boucekkine et al.
(2008)), it may be possible to show that pCmñε̃

R actually increases–implying
that there is a quantity-quality trade-off between the number of children and
the time allocated to each survivor, as opposed to spending on education,
as is Kalemli-Ozcan (2003) and other studies in the tradition of Barro and
Becker (1989).33

33Another result worth mentioning is that an increase in rearing costs per child, θ, lowers
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5 Growth and Stagnation

The balanced growth rate of the economy is derived in the Appendix. Be-
cause saving is linear in output and tax revenues are a fraction of income,
the public-private capital ratio is given by

kIt =
KI

t

KP
t

=
υIτ

σ(1− τ)(1− θpCmñ)
≡ J, (27)

where θpCmñ < 1 from (26). The term σ(1− τ)(1− θpCmñ) can be interpreted
as the propensity to save out of after-tax income, net of health outlays.
Using (26) shows that the private-public capital ratio does not depend on

the child survival rate. However, it depends indirectly on the adult survival
rate, through σ. As long as the adult survival rate is constant, σ is also
constant, and the private-public capital ratio remains constant–not only
along the balanced growth path but also throughout the adjustment process
to any shock.34

To further understand the dynamics, consider first the case where κ < 1,
that is, the case where a parent’s health status exerts a diminishing marginal
effect on a child’s health. In addition, suppose that κ is sufficiently small to
ensure that the following (mild) assumption is satisfied:

Assumption 2: κ < 1− β(1− νC)(1− μ).

Let xt = KP
t /Nt denote the private capital-raw labor ratio. As shown in

the Appendix, the model can now be condensed into an autonomous, first-
order linear difference equation system in ĥAt = lnh

A
t and x̂t = lnxt which

can be written as ∙
ĥAt+1
x̂t+1

¸
=

∙
a10
a20

¸ ∙
a11 a12
a21 a22

¸ ∙
ĥAt
x̂t

¸
, (28)

where a10, a20 are constant terms (defined in the Appendix) and the other
coefficients are defined as

a11 = Π2 > 0, a12 = Π3 < 0,

the fertility rate and increases the time allocated to each surviving child. Thus, there is
a quantity-quality trade-off with respect to the number of children and the time allocated
to taking care of their health.
34Of course, with non-zero depreciation rates, the economy would exhibit transitional

dynamics that would involve changes in the public-private capital ratio over time–even
with a constant saving rate.
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a21 = β > 0, a22 = 1− β > 0,

where
Π2 = κ+ β(1− νC)(1− μ) > 0,

Π3 = −β(1− νC)(1− μ) = κ−Π2 < 0,

and Π2 < 1, as implied by Assumption 2.
The balanced-growth rate of output per worker is

1 + γ =
(υIτ)

α

pCmñ
(h̃A)βx̃−β[σ(1− τ)(1− θpCmñ)]

1−α, (29)

where h̃ and x̃ are the steady-state values of hAt and xt, which are solutions
of the system

x̃ =

½
β(υIτ)

α

pCmñ
[σ(1− τ)(1− θpCmñ)]

1−α
¾1/β

h̃A, (30)

h̃A =

½
θ(ε̃R)νC(ε̃H)νA

(ϕυHτβ)−(1−νC)(1−μ)
JΠ1

¾1/(1−Π2)
x̃Π3/(1−Π2), (31)

with
Π1 = ν + (1− νC)[μ+ α(1− μ)] > 0.

Figure 1 illustrates the determination of the steady-state equilibrium.
Equation (30) is a straight line with a positive slope depicted asKK, whereas
equation (31) defines a downward-sloping convex curve depicted as HH.35

It is immediately clear from the shape of these curves that there is a unique
non-trivial equilibrium located at the point at which they intersect, Point E.
Health status and productivity are thus both constant in the steady state.
As shown in the Appendix, the equilibrium is also stable. If the economy is
initially at values

¡
hA0 , x0

¢
corresponding to, say, Point A, it will converge

monotonically to E. However, at initial values corresponding to Point B, the
economy may cycle around the equilibrium point.
Equations (29) and (31) can be used to perform a variety of experiments,

which can be illustrated graphically. In particular, an increase in the share

35If productivity is not linear in adult health status, but exhibits instead decreasing
marginal returns, so that (16) is replaced by an equation such as at = (hAt )

χ, where
χ ∈ (0, 1), h̃A in equation (30) would be replaced by (h̃A)χ, and curve KK in Figure 1
would have a positive and concave slope.
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of government spending on health, υH , financed by a cut in unproductive
expenditure, shifts HH upward while leaving KK constant; the outcome is
both an improvement in health status and a higher capital-labor ratio.
More importantly for the purpose at hand, it can be verified that substi-

tuting (A37) in (A36) implies that γ = 0; thus, output per worker is constant
in the steady state.36 Intuitively, if hA is constant, so must be x; this implies
that the stock of private capital (and thus the level of output, given (A24))
must grow at the same rate as the rate of growth of the adult population–
and so does the stock of public capital, given that J is constant. If J , hA,
and x are all constant so must be output per worker, as implied by (A35).
This can be summarized in the following Proposition:

Proposition 3. If parents’ health status exerts a diminishing marginal
effect on a child’s health, the model possesses only one equilibrium, which
is stable and characterized by a zero steady-state growth rate in income per
worker, that is, a pure stagnation equilibrium (PSE).

Note that the existence of a PSE depends only partly on the assumption
of proportional congestion in output and the supply of health services; even
if kIt in (27) was assumed to be time-varying, a PPT would still emerge.
What Proposition 3 does depend on is the fact that the capital-labor ratio is
defined in terms of raw labor. If the model were to account also for human
capital accumulation, the capital-labor ratio would accordingly be defined in
terms of efficiency units of labor; as long as the human capital stock can grow
without bound, a PSE would not emerge. However, even then the economy
may still exhibit low growth and poor health outcomes.
In addition to unique equilibria with zero growth, the model may also

generate multiple development regimes and poverty traps. In the next sec-
tion, I examine how full persistence in health may lead to such outcomes. I
also explore the role of public policy in that context.

6 Persistence in Health and Public Policy

Consider now the case where κ = 1, that is, a parent’s health status has a
linear effect on a child’s health. As can be inferred from (15), this implies a
36Note that from (10) Lt+1 = (1 + pCmñ)p

C
mñNt + pAmNt, or equivalently, using (11),

Lt+1 = [(1 + pCmñ)p
C
mñ + pAm](p

C
mñ)

−1Nt+1; thus, total population is proportional to the
number of adult workers. This implies that Lt+1/Lt = Nt+1/Nt, so that the growth rate
of aggregate output per capita is also zero.
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unit root in adult health status.
As shown in the Appendix, with κ = 1 the system boils down to an

autonomous first-order linear difference equation in q̂t = ln qt = ln(hAt /xt),
where qt is the effective labor-capital ratio:

q̂t+1 = lnΠ+ Ω2q̂t, (32)

with
Ω2 ≡ 1− β[1− β(1− νC)(1− μ)] > 0,

Π =
θ(ε̃R)νC (ε̃H)νAJΩ1−α

(ϕυHτβ)−(1−νC)(1−μ)

½
βσ(1− τ)(1− θpCmñ)

pCmñ

¾−1
, (33)

Ω1 ≡ πνC + (1− νA)[μ+ α(1− μ)] > 0,

and Ω1 − α > 0. Stability of this equation requires Ω2 < 1; this condition is
always satisfied. Thus, given (strict) concavity, there is a unique, nontrivial
and globally stable steady state q̃, to which qt converges monotonically:

q̃ = Π1/(1−Ω2). (34)

The balanced growth rate (in per capita terms) is now given by

1 + γ =
(υIτ)

α

pCmñ
q̃β[σ(1− τ)(1− θpCmñ)]

1−α, (35)

Because qt is constant in the steady state, adult health status hAt and the
capital-labor ratio xt grow at the same constant rate. The growth rate of
xt is the same as the growth rate of output per worker, and so therefore is
the growth rate of hAt . The growth rate of public capital per worker is also
equal to the growth rate of output per worker; and from (27), given that
the public-private capital ratio is constant throughout, the stock of private
capital per worker also grows at the same rate.
Equations (25) to (35) can now be used to examine the impact of a

variety of parameters and policy variables on long-run growth. In particular,
the following result can be established:

Proposition 4. An increase in the survival rate from childhood to adult-
hood has no effect on the growth rate of output per worker, whereas an in-
crease in the survival rate from adulthood to old age has an ambiguous effect.

The reason why an increase in pCm has no effect on the growth rate (mea-
sured either in absolute terms or per worker) is that its direct effect is offset
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by an exact opposite effect on the fertility rate, which as noted earlier leaves
the product pCmñ intact (see (26) and (34)).

37 By contrast, an increase in pAm
affects growth essentially through an increase in the savings rate, σ; as noted
earlier, with higher likelihood to surviving to old age, adults save more for
late-life consumption. In turn, changes in σ affect growth both directly, and
indirectly, through changes in the steady-state values of the effective labor-
private capital ratio and the fertility rate. The direct effect is positive–a
higher savings rate raises the rate of private capital accumulation. The in-
direct effect through fertility is also unambiguously positive. The indirect
effect on q̃ operates, as can be inferred from (33), and (34), through changes
in time allocation, fertility, and the public-private capital ratio. An increase
in pAm, by proposition 1, raises ε̃

H but reduces ñ and possibly ε̃R. The reduc-
tion in the fertility rate unambiguously raises the growth rate per worker, by
reducing the number of adults and reducing the share of income allocated
to child care. However, changes in time allocation may go in opposite direc-
tions. Moreover, as can be inferred from (27), an increase in the savings rate
always lowers the public-private capital ratio, implying that J falls. This
effect would occur even if infrastructure exerted no externality effects on the
efficiency of time allocated to child rearing and the production of health ser-
vices (π = μ = 0), as long as α > 0. Given these conflicting effects on the
effective labor-private capital ratio, the net effect on the steady-state growth
rate, d(1 + γ)/dpAm, cannot be determined a priori.
This result is illustrated in Figure 2. The vertical curve QQ corresponds

to (34), whereas the concave curve GG corresponds to (35). The initial
steady state obtains at E. An increase in pAm shifts GG upward, whereas
QQ may shift either left or right. The steady-state growth rate per worker
increases at points B and C, but falls at Point A.Thus, the analysis shows
that the “standard” view, according to which an increase in the adult survival
rate promotes growth (as for instance in Blackburn and Cipriani (2002) and
Zhang and Zhang (2005)), does not necessarily hold when the allocation of
time is modeled with greater complexity.38

37This result is in contrast to Ehrlich and Lui (1991), who showed in a three-period
OLG model with human capital accumulation that both survival rates in childhood and
adulthood affect growth. The key reason for the difference is their assumption that parents
and children engage in implicit contracts. The family is thus an informal, jointly breneficial
insurance mechanism, which links generations through internal transfers.
38In Blackburn and Cipriani (2002) for instance, an increase in the (adult) survival rate

raises the opportunity costs of current work and reproduction by raising the future returns
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At a low level of life expectancy, it is again possible for the economy to
generate a stagnation equilibrium, this time characterized by a low level of
growth in income per worker and high fertility. In addition, the following
result can be established:

Proposition 5. The lower the share of government spending allocated
to health, υH, or the lower the efficiency of that category of spending, as
measured by ϕ, the lower the equilibrium growth rate of output per worker.

As noted earlier, the low efficiency of public outlays on health in devel-
oping countries is well documented. However, its implications for long-run
growth have not been clearly spelt out in previous work. What is clear now
from Proposition 5 is that it may be a key source of stagnation, even if the
level of spending itself is high.39 If so then, governance reforms are essential
to spur growth. Put differently, increasing the resources allocated to health
systems may be important to improving health and growth outcomes in poor
countries, but even more important in some countries may be the need to
use existing resources more efficiently.
A related issue that is well illustrated by these results is that although

spending on infrastructure and health are complementary in terms of their
impact on the production of health services, they may be substitutes (de-
pending on how productive spending is financed) in terms of their impact on
growth. If an increase, say, in the share of spending on health is financed
by a cut in unproductive expenditure (dυH = −dυU), then it unambiguously
raises the balanced growth rate through an indirect effect on q̃. However,
if it is financed by a cut in investment in infrastructure (dυH = −dυI), it
will have ambiguous effects. Whether the net effect is positive or negative
depends of course on the technology parameters characterizing both the pro-
duction of goods and health services, as documented in various other studies
(see Agénor (2008) and Agénor and Neanidis (2006)). In addition, in the
present setting it also depends on the degree of efficiency of health spending
(as noted earlier) and the efficiency effect of infrastructure on the time al-
located to child rearing (as captured by π). This can be summarized in the
following proposition:

to human capital accumulation. Under such circumstances, agents devote more of their
time to education and have fewer numbers of children when young, implying a higher
growth rate of output.
39A similar result can be established regarding the efficiency of public investment in

infrastructure; see Agénor (2006).
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Proposition 6. An increase in the share of government spending on
health, financed by a cut in the share of investment in infrastructure, has in
general an ambiguous effect on the balanced growth rate. All else equal, the
lower the efficiency of health spending, and the greater the efficiency effect of
infrastructure on the time allocated to child rearing, the greater the likelihood
that the net effect will be negative.

7 Threshold Effects

The foregoing analysis focused on the case of a constant survival rate and a
unique balanced growth equilibrium. I now examine the case where survival
is endogenously related to health outcomes and examine whether multiple
development regimes can emerge. I also study the role of public policy in
that context.
A natural route to follow in the present setting would be to consider the

case where survival rates in both childhood and adulthood are related (pos-
sibly in a nonlinear fashion) to the individual’s own health status. In solving
their optimization problem, parents would then internalize the implications
of their time allocation decisions . Unfortunately, given the complexity of the
model, endogenizing both probabilities in this way precludes an analytical
treatment, and numerical methods must be used.
Alternatively, suppose that survival probabilities of any particular indi-

vidual depends on average health status in the economy–which, in equilib-
rium, is of course the same for all individuals. For instance, if you stop smok-
ing, but you continue to be surrounded by smokers, your health prospects
will not necessarily improve. If you quit drinking, but nobody else does, the
risk of you getting involved in a car accident involving a drunk driver will
not necessarily diminish. In an environment where deadly communicable dis-
eases can spread rapidly (as is often the case in urban slums in developing
countries), and vaccines do not completely protect from the risk of getting
infected, one individual getting immunized will not change the risk to which
he is exposed (and therefore his survival probability), unless all individuals
get immunized; and so on.
In such conditions, it is natural to retain the assumption that agents do

not internalize the effect of their time allocation decisions on their own sur-
vival probability. To further simplify, I will also assume that the survival
rate in childhood remains constant at pCm and focus on the endogenous deter-
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mination of the adult survival rate. This is a sensible way to proceed in the
present setting because health status in childhood is fundamentally a func-
tion of the health status of parents, and (as shown earlier) long-run growth
in output per worker does not depend on the survival rate of children.
Suppose then that the adult survival rate is now a piece-wise function

defined as

pAt =

½
pAm If hAt ≤ hAm
pAM If hAt > hAm

, (36)

where pAm, p
A
M ∈ (0, 1). Thus, if health status is below hAm, the likelihood

of surviving into old age is pAm, as before. As health status improves above
that threshold, the survival probability increases to pAM > pAm and remains
insensitive to further changes in health outcomes.
The model may now display multiple development regimes, as illustrated

in Figure 3. The left-hand panel displays (32), in level form, whereas the
right-hand panel displays curve GG, as in Figure 2. For hA0 ≤ hAm, or equiv-
alently for q0 = hA0 /x0 ≤ qm = hAm/x0, the economy will converge to the
low-growth equilibrium point A, with growth at A0. If the net effect of an
increase in the survival rate on qt is positive, once the economy crosses qm,
it will converge to the high-growth equilibrium point B; GG shifts to the
left, and the steady-state growth is obtained at B0. The stagnating equi-
librium is thus characterized also by poor health outcomes for both parents
and children. However, if the net effect of an increase in the survival rate
on qt is negative, the economy may converge to an even lower equilibrium
rate than point A, such as the one characterized by points C and C 0. Note
also that even though the steady-state value of qt is now lower, this does not
necessarily imply a lower growth rate; If GG shifts sufficiently to the left,
the long-run growth rate may actually go up, because the direct effect of the
increase in the survival rate on the savings rate and fertility dominates. This
is the case illustrated at Point C 00.
What is the role of policy then? As noted earlier, a shift from unproduc-

tive spending toward health outlays may increase health status sufficiently
to ensure that over time hAt exceeds h

A
m, and thereby put the economy on

a new (higher) growth trajectory. At the same time, however, if the degree
of efficiency of health outlays is low, or if the increase in health spending is
financed by a cut in productive spending, a better strategy may actually be
a Big Push in public investment in infrastructure–provided of course that
such spending is itself sufficiently efficient. Put differently, given the com-
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plementarity between public capital in infrastructure and other inputs in the
production of health services, the best way to improve health outcomes may
not be to increase health spending per se–a dimension that is often for-
gotten in the debate on improving health indicators in poor countries. In
general, the model suggests that a two-pronged strategy, involving spend-
ing on both health and infrastructure (given diminishing returns to each
production input), accompanied by governance reform aimed at improving
spending efficiency, stands the best chance of helping a country to escape
from a low-growth poverty trap of the type identified in this paper.
Consider now the more general case where pAt varies over time as a func-

tion of health status, so that pAt = f(hAt ). Suppose also that the function
satisfies f(hAt ) = pAm for hAt ≤ hA1 , f

0 > 0, f 00 > 0 for hA1 < hAt < hA2 and
f 0 > 0, f 00 < 0 for hAt > hA2 , and limhAt →∞ f(·) = pAM < 1. Thus, the survival
rate has a convex-concave shape, as shown in Figure 4. At low initial lev-
els of health status, improvements in health generate strong increases in the
survival rate; beyond a certain point, improvements in health generate de-
creasing marginal returns. As health status goes to infinity, the survival rate
converges to pAM > pAm. This accords well with the evidence for low-income
countries.40

With pAt endogenous, all adult decision rules (24)-(26) derived earlier
continue to apply as is, except that now the optimal values become time
dependent. In addition, the public-private capital ratio given in (27) is no
longer constant. The model therefore cannot be solved for explicitly and
numerical simulations become necessary to calculate and trace the path of the
different variables, establish convergence, and examine the impact of shifts
in policy instruments. Nevertheless, it is intuitively clear that the model can
now generate a wide range of steady-state equilibria, some of them again
characterized by low growth and poor health outcomes.

40A function that satisfies the properties illustrated in the figure for hAt > hAm is the
generalized logistic curve,

pAt =
pAm[1 + exp(ωb)]− pAM [1− exp{ζ(hAt − hAm}]

exp(ωb) + exp{ζ(hAt − hAm)}
,

where b is a parameter that determines the turning point of the function, ω a parameter
that determines the speed of transition, ζ ∈ (0, 1). Strictly concave functional forms are
discussed in Blackburn and Cipriani (2002), Hashimoto and Tabata (2005), Chakraborty
(2004), and Tang and Zhang (2007).
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8 Concluding Remarks

The purpose of this paper was to present a three-period OLG model that
combines three important issues in the determination of long-run growth
in poor countries: interactions between public capital in infrastructure and
health outcomes; the dependence of health in adulthood on health in child-
hood; and the implications of infrastructure for the allocation of time. The
first part of the paper provided an informal review of the evidence on these
issues. In particular, it was noted that access to infrastructure is critical to
the production of health services in poor countries. To function properly,
hospitals need access to electricity. With inadequate water, sanitation and
waste disposal facilities, medical facilities cannot provide the services that
are expected from them. In addition, it was noted that by reducing the
time allocated by households to collecting water and wood, greater access
to infrastructure may lead to an increase in the time available for child care
activities (such as teaching children and looking after their hygiene and nu-
trition needs) and for own health care. Unlike most of the existing literature,
both of these activites are treated as productive.
The second part of the paper described the model. In line with the previ-

ous discussion, infrastructure in the model affects not only the production of
goods but also the production of health services and the efficiency of parents’
time spent on children. At the beginning of the first period of life and the
end of the second, there is a non-zero probability of dying. Health status in
adulthood depends on the effective time spent caring about one’s health and
health status in childhood. There is therefore “serial dependence” in health
outcomes. Crucially, what matters for parents is not how many children they
have per se but rather the number of healthy surviving children.
The third part characterized optimal household decisions and examined

the impact of life expectancy. A key property of the model is that agents
fully internalize the implications of changes in child survival rate on their
fertility decisions; this implies that changes in that rate have no effect on long-
run growth. The fourth part showed that with partial persistence in health
(which implies stationarity in health status), the economy’s equilibrium is
a pure poverty trap, characterized by zero growth in income per worker.
The fifth part showed that if adult health status can improve indefinitely,
a stagnating equilibrium with low growth, poor health outcomes, and high
fertility may also result from inadequate access to infrastructure. Moreover,
in contrast to the existing literature, an autonomous increase in the adult
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survival rate is shown to have an ambiguous effect on growth, because of
indirect effects on capital accumulation and time allocation. This result
helps to explain why empirical studies may have had difficulty establishing
a robust impact of life expectancy on growth and standards of living (see
Finlay (2007) and Ashraf, Lester, and Weil (2008)). Another implication
of the analysis is that the common assumption in OLG models that time
allocated to children’s care is time taken away from market work, and is
therefore “unproductive,” is not warranted. If time allocated to child care
helps to improve children’s health status, it will determine their productivity
and earning capacity in adulthood, and may therefore have a substantial
impact on growth.
The last part of the paper partially endogenized the adult survival prob-

ability by relating it through threshold effects to health status. Multiple
steady-state growth rates were shown to be possible, implying that the limit-
ing outcomes of the economy depend critically on initial conditions. The role
of public policy in that context was also examined; it was shown that get-
ting health outcomes to improve beyond the critical level necessary to ensure
convergence to a high-growth path may involve increasing public investment
in infrastructure, rather than raising spending on health per se.
The analysis can be extended in various directions. First, the model can

be used to examine growth- and welfare-maximizing public spending policies.
The key trade-off embedded in the model is that while public health spending
may increase longevity, and therefore saving, investment in physical capital,
and growth, it may also reduce growth if it occurs at the expense of other
components of productive spending.41 This is because the provision of each
category of public services requires committing resources, the level of which
is constrained by available tax revenues. Less investment in infrastructure, in
particular, would not only curtail the benefits associated with public capital
in the production of goods and health services, but it could also force parents
to allocate more time to market activity (to compensate for an adverse effect
on wages) and less time to child rearing. In turn, this would affect children’s
health in adulthood and therefore worker productivity and growth. While the
issue of spending allocation was mentioned earlier, a more thorough analysis
would be warranted.
41Osang and Sarkar (2008) discuss a similar trade-off in terms of education and health

spending. However, in their model health status is independent of time, and therefor they
do not explore the implications of their analysis for the allocation of time, growth, and
welfare.
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A second extension is to account for interactions between education and
health, as well as infrastructure and education. As documented in a num-
ber of studies, health is an important factor in determining the quantity
and quality of human capital. As discussed in more detail by Galor and
Mayer-Foulkes (2004) for instance, improving the health of individuals also
increases the effectiveness of education. In turn, increasing education levels–
above and beyond their effect on income–can also improve health outcomes.
In this context the gender dimension may be important. As pointed out by
Kohler and Soldo (2004), in practice, there are two potential channels that
may relate parent’s education to children’s health and offsprings’ late-life
health outcomes: if it is the father’s education that is a stronger predictor
of the child’s health, then this may indicate that education operates through
economic circumstances (because fathers may be those who were the primary
suppliers of economic resources in the family). If, in contrast, health status
is determined to a large extent by the mother’s education, then this may sug-
gest that education determines health through knowledge about health care
and health behavior that are essential determinants of children’s health out-
comes. This is also consistent with the evidence suggesting that an increase
in female education reduces infant mortality and raises the survival rate for
children, even after controlling for income effects (see Wagstaff and Claeson
(2004)). At the same time, infrastructure may have important effects on ed-
ucation outcomes. Empirical studies have shown for instance that children in
households with access to electricity have higher education levels than those
without, whereas access to roads can make positions in rural schools more
attractive to teachers. Agénor and Agénor (2009) explore some of these is-
sues in an OLG model that also accounts for gender bias in mothers’ time
allocation between their sons and daughthers.
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Technical Appendix

Before solving the individual’s maximization problem, note that in equa-
tion (15), which can be rewritten here (with Φ = 1) for convenience:

hAt+1 = at+1 = (h
A
t )

κ(εRt )
νC (εHt+1)

νA(
KI

t

KP
t

)ν(
HG

t

KP
t

)1−νC , (A1)

where at and εRt are predetermined from the point of view of decisions taken
at the beginning of period t+ 1.
Writing equations (12) for t+ 1, as well as (14), yields

hCt+1 = θ(hAt+1)
κ(ζt+1ε

R
t+1)

νC (
HG

t+1

KP
t+1

)1−νC ,

hAt+1 = hCt (ε
H
t+1)

νA ,

which can be combined to give

hCt+1 = θ(hCt )
κ(εHt+1)

κνA(ζt+1ε
R
t+1)

νC(
HG

t

KP
t

)1−νC . (A2)

Consider first the case where pCt+1 = pCm and pAt+1 = pAm. From (1), each
individual therefore maximizes

U = ln ctt+1 + ηL ln(1− εHt+1 − pCmnt+1ε
R
t+1) (A3)

+ηN ln p
C
mh

C
t+1nt+1 + pAm

ln ctt+2
1 + ρ

,

with respect to ctt+1, c
t
t+2, ε

H
t+1, ε

R
t+1, and nt+1, subject to (A1), (A2), as well

as (4), which is rewritten here for convenience:

(1− θpCmnt+1)(1− τ)at+1wt+1 − ctt+1 −
pAmc

t
t+2

1 + rt+2
= 0. (A4)

First-order conditions yield the familiar Euler equation

ctt+2
ctt+1

=
1 + rt+2
1 + ρ

, (A5)
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together with

− ηL
1− εHt+1 − pCmnt+1ε

R
t+1

+
ηNκνA
εHt+1

= −(1− τ)(1− θpCmnt+1)νAat+1wt+1

ctt+1ε
H
t+1

,

(A6)

− ηLp
C
mnt+1

1− εHt+1 − pCmnt+1ε
R
t+1

+
ηNνC
εRt+1

= 0, (A7)

− ηLp
C
mε

R
t+1

1− εHt+1 − pCmnt+1ε
R
t+1

+
ηN
nt+1

=
θpCm(1− τ)at+1wt+1

ctt+1
. (A8)

Substituting (A5) in the intertemporal budget constraint (A4) yields

ctt+1 = [
1 + ρ

(1 + ρ) + pAm
](1− τ)(1− θpCmnt+1)at+1wt+1, (A9)

so that saving, st+1 = (1− τ)(1− θpCmnt+1)at+1wt+1 − ctt+1, is equal to

st+1 = σ(1− τ)(1− θpCmnt+1)at+1wt+1, σ ≡ pAm
(1 + ρ) + pAm

< 1. (A10)

Substituting (A9) in (A6) and (A8) yields

ηL
1− εHt+1 − pCmnt+1ε

R
t+1

=
νA
εHt+1

[κηN + (
1

1− σ
)], (A11)

ηLp
C
mε

R
t+1

1− εHt+1 − pCmnt+1ε
R
t+1

− ηN
nt+1

= − θpCm
(1− σ)(1− θpCmnt+1)

. (A12)

Dividing equation (A7) by (A11) yields

pCmnt+1 =
ηNνCε

H
t+1

νAεRt+1
[κηN + (

1

1− σ
)]−1,

so that
pCmnt+1ε

R
t+1 = ΛεHt+1, (A13)

where
Λ ≡ ηN(

νC
νA
)[κηN + (

1

1− σ
)]−1 > 0. (A14)

Equation (A7) can be rewritten as

pCmnt+1ε
R
t+1

1− εHt+1 − pCmnt+1ε
R
t+1

=
ηNνC
ηL

.
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Substituting (A13) back in this expression yields

ΛεHt+1
1− (1 + Λ)εHt+1

= η, (A15)

where η ≡ ηNνC/ηL.
This equation can be solved for the optimal value of εHt+1:

ε̃H =
η

η + Λ(1 + η)
< 1. (A16)

This result implies that ε̃H = 0 if either ηN = 0 (bearing children brings
no utility) or νC = 0 (time spent in child rearing does not affect a child’s
health status). The reason is that in the model adult health is not valued
per se, but only to the extent that it benefits children.
Substituting (A13) in (A12) yields

ηLΛε̃
H

nt+1[1− (1 + Λ)ε̃H ]
− ηN

nt+1
= − θpCm

(1− σ)(1− θpCmnt+1)
.

Using (A15), this equation gives

ηLη − ηN
nt+1

= − θpCm
(1− σ)(1− θpCmnt+1)

,

which, noting that ηLη − ηN = −ηN(1− νC), can be solved for nt+1:

ñ =
ηN(1− νC)(1− σ)

θpCm[1 + ηN(1− νC)(1− σ)]
> 0. (A17)

Combining (A13) and (A17) yields

ε̃R = Λ(
ε̃H

pCmñ
) = Λ

θ[1 + ηN(1− νC)(1− σ)]

ηN(1− νC)(1− σ)
ε̃H , (A18)

which shows that ε̃R = 0 if ε̃H = 0 and that ε̃R does not depend on pCm. From
(A16), (A17), and (A18), it can also be shown that ε̃H +pCmñε̃

R < 1. Indeed,
from (A18), pCmñε̃

R = Λε̃H ; then ε̃H + pCmñε̃
R = (1+Λ)ε̃H . For the left-hand

side to be less than one requires ε̃H < 1/(1 + Λ). Combined with (A16),
this condition boils down to Λ > 0, which is always satisfied (see (A14)).
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Thus, leisure is positive in equilibrium. By implication, it is also true that
pCmñε̃

R < 1. From (A17), 1− θpCmñ > 0.
A higher pAm raises the propensity to save (from (A10)). From (A14), it

lowers Λ; using (A16) and (A18) it can be shown that

dε̃H

dpAm
> 0,

d(pCmñε̃
R)

dpAm
=

d(Λε̃H)

dpAm
< 0,

dñ

dpAm
< 0,

d(ε̃H + pCmñε̃
R)

dpAm
=

d[(1 + Λ)ε̃H ]

dpAm
> 0.

Thus, an increase in pAm raises ε̃
H and lowers the fertility rate ñ and the

total time allocated to child rearing, pCmñε̃
R. Given that ε̃R = Λε̃H/pCmñ, and

that both Λε̃H and ñ fall, the effect on ε̃R itself is in general ambiguous. But
given that total time allocated to own health care and child rearing increases,
leisure falls as well.
A higher pCm has no effect on the propensity to save (from (A10)), and no

effect on Λ (from (A14)). It also has no effect on neither ε̃H (from (A16))
nor ε̃R (from (A18)), but it reduces ñ (see (A17)). A marginal increase in
the cost of raising children as a proportion of wages, θ, leads ceteris paribus
to less children (dñ/dθ < 0); it also increases time allocated to child rearing
(dε̃R/dθ > 0, see (A18)).
To study the dynamics in this economy, substitute first (A10) in (23) with

nt = ñ ∀t, to give

KP
t+1 = Ntst = σ(1− τ)(1− θpCmñ)Ntatwt,

that is, substituting for wt from (7),

KP
t+1 = βσ(1− τ)(1− θpCmñ)Yt. (A19)

Similarly, from (7), (18), and (20),

KI
t+1 = βυIτYt. (A20)

Combined with (A19), this expression yields

kIt+1 =
KI

t+1

KP
t+1

=
υIτ

σ(1− τ)(1− θpCmñ)
≡ J, ∀t. (A21)
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Using (A17) implies that J does not depend on pCm. However, it depends
indirectly on pAm, through σ (see (A10)).
The next step is to calculate HG

t /K
P
t , to determine the dynamics of h

A
t

in (A1). From (7), (18), and (21),

HG
t = ϕ1−μ(

KI
t

GH
t

)μGH
t = (ϕυHτβ)

1−μ(
KI

t

Yt
)μYt,

so that
HG

t

KP
t

= (ϕυHτβ)
1−μ(kIt )

μ(
Yt
KP

t

)1−μ. (A22)

Using (A21), this result can be substituted in (A1) to give, with ζ̄ = 1
for simplicity,

hAt+1 =
θ(ε̃R)νC (ε̃H)νA

(ϕυHτβ)−(1−νC)(1−μ)
(hAt )

κJν+μ(1−νC)(
Yt
KP

t

)(1−νC)(1−μ). (A23)

To solve (A23) requires calculating Yt/KP
t . To do so, note that from (8)

and (A21),
Yt
KP

t

= Jα(
at
xt
)β, (A24)

where xt = KP
t /Nt is the capital-labor ratio. From (10) and (A19),

xt+1 =
KP

t+1

Nt+1
=

βσ(1− τ)(1− θpCmñ)

pCmñ
(
Yt
Nt
). (A25)

By definition, Yt/Nt = (Yt/K
P
t )xt. Using (A24) to substitute for Yt/K

P
t ,

and (16) to substitute for at, yields

xt+1 =
βσ(1− τ)(1− θpCmñ)

pCmñ
Jαqβt xt, (A26)

where qt = hAt /xt. Using this definition, equation (A24) can also be written
as Yt/KP

t = Jαqβt . Substituting this result in (A23) yields

hAt+1 =
θ(hAt )

κ

(ϕυHτβ)−(1−νC)(1−μ)
(ε̃R)νC(ε̃H)νAJΩ1q

β(1−νC)(1−μ)
t , (A27)

where Ω1 ≡ ν + (1− νC)[μ+ α(1− μ)] > 0.
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Suppose first that κ = 1. Dividing (A27) by (A26) gives

qt+1 =
θq1−βt (ε̃R)νC (ε̃H)νAJΩ1−α

(ϕυHτβ)−(1−νC)(1−μ)

½
βσ(1− τ)(1− θpCmñ)

pCmñ

¾−1
q
β(1−νC)(1−μ)
t ,

which can be rearranged as

qt+1 =
θ(ε̃R)νC (ε̃H)νAJΩ1−α

(ϕυHτβ)−(1−νC)(1−μ)

½
βσ(1− τ)(1− θpCmñ)

pCmñ

¾−1
qΩ2t , (A28)

where Ω2 ≡ 1− β[1− β(1− νC)(1− μ)] > 0 and Ω1 − α > 0.
Equation (A28) is a linear difference equation in q̂t = ln(h

A
t /xt), whose

steady-state solution is
q̃ = Π1/(1−Ω2), (A29)

where Π is the expression that multiplies qΩ2t in (A28).
Solving equation (A28) yields

q̂t = (
1− Ωt

2

1− Ω2
)Ω2 lnΠ+ Ωt

2q̂0.

Stability requires therefore Ω2 < 1. Given the definition of Ω2, this
condition is always satisfied. Thus, qt converges monotonically to q̃, and
the equilibrium is unique.
Equation (8) implies that aggregate output per worker in t+ 1 is

Yt+1
Nt+1

= (
KI

t+1

KP
t+1

)α(
at+1Nt+1

KP
t+1

)β(
KP

t+1

Nt+1
), (A30)

or equivalently, using (A19),

Yt+1
Nt+1

= (kIt+1)
αqβt+1βσ(1− τ)(1− θpCmñ)(

Yt
Nt+1

).

Using (10) and (A21), this implies that the balanced-growth rate of out-
put per worker is

1 + γ =
(υIτ)

α

pCmñ
q̃ββ[σ(1− τ)(1− θpCmñ)]

1−α. (A31)

Because qt is constant in the steady state, adult health status hAt and
the capital-labor ratio xt grow at the same constant rate. From (A25), the
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growth rate of xt is the same as the growth rate of output per worker, and
so is the growth rate of hAt . From (A20), the growth rate of public capital
per worker is also equal to the growth rate of output per worker; from (A21),
given that the public-private capital ratio is constant throughout, the stock
of private capital per worker also grows at the same rate.
Suppose now that κ < 1. Up to equation (A25), results do not change.42

Equation (A26) can be written equivalently as

xt+1 =
βσ(1− τ)(1− θpCmñ)

pCmñ
Jα(hAt )

βx1−βt . (A32)

Substituting (A24) in (A23) gives

hAt+1 =
θ(ε̃R)νC(ε̃H)νA

(ϕυHτβ)−(1−νC)(1−μ)
JΠ1(hAt )

Π2xΠ3t (A33)

where
Π1 = ν + μ(1− νC) + α(1− νC)(1− μ) > 0,

Π2 = κ+ β(1− νC)(1− μ) > 0,

Π3 = −β(1− νC)(1− μ) = κ−Π2 < 0.

I assume that Π2 < 1, or equivalently κ < 1−β(1− νC)(1−μ) = 1−Π3.
Equations (A32) and (A33) form a first-order linear difference equation

system in ĥAt = lnh
A
t and x̂t = lnxt which can be written as∙
ĥAt+1
x̂t+1

¸
=

∙
a10
a20

¸
+

∙
a11 a12
a21 a22

¸ ∙
ĥAt
x̂t

¸
, (A34)

where

a10 = ln

½
βσ(1− τ)(1− θpCmñ)

pCmñ

¾
,

a20 = ln

½
θ(ε̃R)νC(ε̃H)νA

(ϕυHτβ)−(1−νC)(1−μ)
JΠ1

¾
,

a11 = Π2 > 0, a12 = Π3 < 0,

a21 = β > 0, a22 = 1− β > 0.

42In particular, κ < 1 does not affect household decisions, because at is taken as given
from the point of view of decisions taken at t+ 1.

45



To determine aggregate output per worker in t+1, equation (A30) remains
as is:

Yt+1
Nt+1

= Jα(hAt+1)
βx1−βt+1 . (A35)

Using (10), (16), and (A19) yields

Yt+1
Nt+1

= Jα(hAt+1)
βx−βt+1βσ(1− τ)(1− θpCmñ)(

Yt
pCmñNt

).

Using (A21), the balanced-growth rate of output per worker is now

1 + γ =
(υIτ)

α

pCmñ
(h̃A)βx̃−ββ[σ(1− τ)(1− θpCmñ)]

1−α, (A36)

where h̃A and x̃ are given by, using (A21) and setting ∆hAt+1 = ∆xt+1 = 0 in
(A32) and (A33),

x̃ =

½
(υIτ)

α

pCmñ
β[σ(1− τ)(1− θpCmñ)]

1−α
¾1/β

h̃A, (A37)

h̃A =

½
θ(ε̃R)νC(ε̃H)νA

(ϕυHτβ)−(1−νC)(1−μ)
JΠ1

¾1/(1−Π2)
x̃Π3/(1−Π2), (A38)

These equations define the steady-state relationships between hAt and xt.
Equation (A37) defines a straight line with positive slope depicted as KK in
Figure 1. To determine the slope of the curve defined by (A38), we need to
determine the sign of (1−Π2)/Π3. From the above definitions,

1−Π2
Π3

=
1−Π2
κ−Π2

= −1− κ− β(1− νC)(1− μ)

β(1− νC)(1− μ)
< 0,

given Assumption 2. Equation (A38) is depicted as the downward-sloping
convex curve HH in Figure 1.
As illustrated in the figure, the system (A32)-(A33) has a unique equilib-

rium. To examine its stability in the vicinity of that equilibrium, letA denote
the matrix of coefficients in (A34) and let detA denote its determinant and
trA its trace. Let λj, j = 1, 2 denote the eigenvalues of A; the characteristic
polynomial is thus p(λ) = λ2 − λtrA+detA. Thus, p(1) = 1−trA+ detA,
whereas p(−1) = 1+trA+ detA.
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From the above definitions,

trA = 1− β +Π2 > 0,

detA = (1− β)Π2 − β(κ−Π2) > 0.

Given the signs of trA = λ1 + λ2 and detA = λ1λ2, it is clear that
p(−1) > 0. We also have

p(1) = 1− 1 + β −Π2 + (1− β)Π2 − β(κ−Π2)

so that
p(1) = β(1− κ) > 0.

Given that trA ∈ (−2, 2) and detA ∈ (−1, 1), both eigenvalues ∈ (−1, 1);
given that trA > 0, detA > 0, they are not only less than unity in absolute
terms but actually positive. The steady state is thus a sink (see Azariadis
(1993, p. 65)).
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Figure 1
Equilibrium with Decreasing  Returns to Parent's Health 
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Figure 2
Increase in Adult Survival Rate 
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Figure 3
Threshold Effects

 with Endogenous Adult Survival Rate 
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Figure 4
Health Status and the Adult Survival Rate 

tp
A

th
A0

mp
A A

B

mh
A

Mp
A




