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Abstract

This article analyzes the effect of public policy intervention in the production of health capital
on fertility, private investment in children’s health and education and human capital
accumulation. | have used a growth model with endogenous fertility, in which the usual parental
trade-off between the quantity and quality of their children is augmented with an additional
factor that affects children’s human capital, which is health. | analyze the overall society-wide
effect of public policy intervention and derive a condition that determines precisely whether
public provision of free health services increases or decreases the average level of human capital
in the society.
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1. Introduction

By using a partial equilibrium OLG model, this paper discusses how the provision of
public health spending affects fertility and private investment in children’s education and
health. | show that if public health services and private investment in children’s education
are complementary, then the provision of free health services lowers education investment
and increases fertility. The novelty of the paper is introducing health into children’s
human capital accumulation function, while considering the public knowledge spillover
effect.

A large empirical literature argues that improved health expands education and
leads to better educational outcomes. See, for example, Alderman et al. (2001), Behrman
and Rosenzweig (2004), Miguel and Kremer (2004), Bleakley (2007), Bleakley and
Lange (2009), Oster et al. (2013), among many others." Positive causal effect running
from increased education to better health has also been well established in a vast amount
of research (e.g. Cutler and Lleras-Muney, 2010; Brunello et al., 2016; Strulik, 2018,
where further references can be found).

Consistent with the historical relationship among longevity, education and per-
capita output, which have been increasing simultaneously in presently developed
countries since the middle of the nineteenth century, numerous theoretical studies that
explore transition from stagnation to growth argue that reductions in mortality and
improvements in longevity spur investment in human capital and cause growth. See, for
example, Ehrlich and Lui (1991), de la Croix and Licandro (1999, 2013), Kalemli-Ozcan
et al. (2000), Kalimli-Ozcan (2002), Boucekkinie et al. (2002, 2003), Blackburn and
Cipriani (2002), Lagerloff (2003), Weisdorf (2004), Chakraborty (2004), Soares (2005),
Cervellati and Sunde (2005, 2011, 2015), Castello-Climent and Domenech (2008),
Tamura (2006), Chen (2010), Strulik and Weisdorf (2014), among many others.>

! Some additional references to the copious literature on the causes and consequences of poor health in
childhood can be found, for instance, in Aksan (2014) and Madsen (2018).

2 It has however been argued that, if child mortality is realized before education starts, an exogenous decline
in child mortality can lead to a decline in education, because it lowers the cost of rearing surviving children,
which makes child quantity more attractive relative to quality (Azarnert 2006; Fioroni 2010). Hazan and
Zoabi (2006) argue that greater longevity of children increases not only the returns to education, but also the
returns to the number of children as each child lives longer, thereby mitigating the positive effect of
longevity on education. Strulik and Werner (2016) suggest that it is healthy life expectancy rather than life
expectancy as such that promotes education and economic growth.



In a related strand of the literature, adult mortality has been endogenized by
considering how public health expenditure (Chakraborty, 2004; Fanti and Gori, 2014,
Fanti et al., 2019), private health expenditure (Chakraborty and Das, 2005), or both
(Bhattacharya and Qiao, 2007) affect an individual’s survival probability. In Blackburn
and Cipriani (2002), education is the main determinant of the probability of adult survival.
Cigno (1998), Blackburn and Cipriani (1998) and Strulik (2004) endogenized child
survival by putting the offspring’s mortality subject to parental choice. In Weisdorf
(2004), child mortality is inversely related to parental living standards. In Azarnert
(2006), at low levels of income, the offspring’s survival probability increases with the
parental levels of human capital. In Strulik (2008), child survival depends on geographic
location, the average income per capita in the economy and parental expenditure per
child. In Tamura (2006), young adult mortality is negatively related to an individual’s
own level of human capital, the average level of human capital in the society and the
maximum level of human capital in the world. Similarly, in Tamura and Cuberes (2019),
human capital investment raises the likelihood that a young adult survives to adulthood.
In Castello-Clement and Domenech (2008), adult individuals’ survival probability
depends on the human capital of their parents. In Futagami and Konishi (2019), the
probability of survival from adulthood to old age depends on the wage rate.

Researchers have also studied the effect of health on investment in education in a
number of theoretical models, in which health was separated from longevity or probability
of survival. Hazan and Zoabi (2006), whose work is closest in spirit to the model
presented in this paper, assume that health joints education as an input in the production
of human capital. In Aksan and Chakraborty (2013, 2014), the major working assumption
is that children can belong to a healthy or an unhealthy type, and that the return to
investment in a healthy child’s human capital is higher than the return to investment in an
unhealthy child’s human capital. Strulik and Werner (2016) assume that better health

increases productivity and amplifies the return to education.®

% In a related study, Varvarigos and Zakaria (2013) assume that better health in old age increases utility
from consumption, which motivates investment in health. They however do not consider investment in
education. Strulik (2017) integrates health in the utility function to suggest a novel explanation for a hump-
shaped age-consumption profile.



This paper expands the literature on investments in education and human capital
accumulation in the direction of public interventions in the production of health capital.
The analysis is performed in a growth model with endogenous fertility in the tradition of
Galor and Tsiddon (1997) building on Azarnert (2010a), where the effect of free
education on fertility, private educational investment and human capital accumulation was
considered.* In this model, the usual parental trade-off between the quantity and quality
of their offspring is augmented with an additional separate factor that affects the
children’s quality, which is health. This allows us to analyze how public policy
interventions in the production of children’s health capital affect parental optimal
decisions with respect to the number of children and investment in both the children’s
health and education, which is new to the literature.

In this paper, | assume that public health services are financed by taxes levied
outside of the economic environment that is being considered® and thereby are free to
families. This allows us to abstract from the effect of taxation on individuals’ decisions
with respect to the optimal investments in quantity and quality of their offspring and
concentrate on the pure effect of the provision of free public health services.® This
assumption is consistent with reality, in particular, in presently developing countries,
where public health services for children are usually financed with considerable aid from
foreign donors. Immunization of children against infectious and parasitic diseases is a
good example of public health intervention that is free for households.

I incorporate health into the model by assuming that it joints education as an

additional input in the production of human capital. | assume that the production function

* For surveys of the literature on endogenous fertility and growth, see Galor (2011, 2012). Other works in
this context that the present model is connected to include Galor and Moav (2000), Moav (2005), Galor and
Mountford (2008) and Azarnert (2016, 2010d, 2019). Tamura et al. (2016) and Tamura and Simon (2017)
produce demographic transitions that fit black and white fertility and schooling at the US states level and
fertility and schooling at the country level for 21 countries, respectively. Cf. also Day (2016) where a
market for child care is incorporated.

* In this case, the particular type of tax levied to finance public health services is irrelevant for the analysis.

® The disincentive effect of taxation that reduces the net return to investment in human capital on human
capital accumulation has long been well recognized in the literature. Thus, for example, Banerjee (2004)
argues that a proportional tax on human capital reduces human capital investment even if the proceeds are
then redistributed as a lump-sum educational subsidy. Palivos and Scotese (1996) argue that, when services
to children are financed by taxation, the equilibrium outcome is biased away from the socially preferred
result toward higher fertility rate and lower economic growth, because each household internalizes the
benefits, but not the costs of the tax-financed services. The negative effect of taxation and income



exhibits positive and decreasing marginal product in health and education and that the two
inputs are complements. | also assume that public and private health investments are
substitutes. Given the substitutability between the two health inputs, a disincentive effect
of free public health services on the parental own investment in their children’s health is
not surprising. The major contribution of the present paper in this context is to show that,
if parents derive utility from both quantity and quality of their offspring, while health and
formal education are complementary in the production of human capital, even in the
absence of a negative effect of taxation on the incentives to invest in human capital, the
provision of free public health services not only crowds out parental own investment in
their children’s health, but also reduces their investment in the children’s education and
increases fertility. This result is opposite of the outcome in a framework with exogenous
fertility where a reallocation of parental resources from quality to quantity of the offspring
is impossible and therefore the provision of free public health services reduces private
investment in children’s health, but increases investment in schooling.

The present analysis shows that the effect of public policy intervention in the
provision of free health services depends on the society’s level of human capital as well as
on the distribution of human capital across individuals within society. Thus, in a less
developed economy, in which the majority of individuals are characterized by relatively
low levels of human capital and do not invest in health and education of their offspring,
the positive effect of the provision of free health services is strong enough to outweigh its
disincentive effect on the small fraction of relatively highly skilled agents.” In contrast, in
a more developed economy, in which highly skilled individuals are numerous enough, a
disincentive effect of free health services on parents who invest in health and education of
their children may dominate its positive effect on the offspring of the relatively low
skilled parents. | analyze the overall society-wide effect of public policy intervention in
the production of health capital and derive a condition that determines precisely whether
public provision of free health services increases or decreases the average level of human
capital in the society.

redistribution on the incentive to invest in human capital is shown also in Azarnert (2004, 2010c), where
further references can be found.



The present analysis suggests that, once the necessarily high level of human
capital in the society is achieved, to enhance human capital accumulation, an appropriate
public health policy should substitute away from the provision of free health services and
concentrate on improvements in the productivity of private health investment. Such policy
can be implemented, for example, in the form of subsidizing the costs of private health
care, gyms and sports clubs for children and adolescents. Given the complementarity
between health and formal education in the production of human capital, improvements in
the productivity of private investment in health will increase the attractiveness of

investment in both children’s health and education and reduce fertility.

2. The Basic Structure of the Model

Consider an overlapping-generations economy, in which activity extends over an infinite
discrete time. In every period, the economy produces a single homogenous good using a
constant-returns-to-scale technology with human capital as the only input. In each
generation, agents live for two periods: childhood and adulthood. During childhood,
individuals acquire human and health capital. During adulthood, they work, become
parents and bring up their offspring. As parents, adult individuals allocate a positive
fraction of their time to feeding and raising their children and may invest in their

offspring’s education and health.

2.1. The Formation of Human Capital

In period t, an adult is characterized by a skill level h, that is distributed according to the

cumulative density function F,(-) over the strictly positive support [h™", h™]. In each

period of life, individuals are endowed with one unit of time. In the first period, children
devote their entire time to the acquisition of human and health capital. The acquired
human capital increases if their time investment is supplemented with real resources

invested in their education.

" This result is in line with the findings of previous studies, such as, for example, Chakraborty (2004),
Bhattacharya and Qiao (2007) and Varvarigos and Zakaria (2013), that neglect the possible disincentive
effect of the public provision of free health services.



The human capital level of a child, who becomes an adult in period t+1, depends
on the parental real expenditure on the child’s education, e,, on the average level of
human capital of all adult individuals in economy in period t, which is defined as

h, :jhtdFt(h), and on his health capital, R,,,, according to the human capital production

t+11
function or learning technology described by
h..=0(e, h,R.,). 1)

This learning technology captures an external spillover effect that arises from the

average society’s level of human capital, h,. Such formulation is consistent with the so-

called global or atmospheric externality, which implies that an increase in the average
level of human capital in the society as a whole increases the rate of return to investment
in human capital for the children’s generation. First introduced by Tamura (1991), the
assumption that the average level of human capital in society is an input in the production
of human capital for each individual became common in the literature. This externality
has been utilized, e.g., by Tamura (1996), Galor and Tsiddon (1997), Morand (1999),
Viaene and Zilcha (2002, 2009), de la Croix and Doepke (2004), Azarnert (2008, 2014,
2018), and Aksan and Chakraborty (2014), among many others.

The novelty of the present work relative to the aforementioned studies is that in
this model better health increases the productivity of investment in human capital. This
assumption is in line with Hazan and Zoabi (2006), who, on the other hand, abstract from
the spillover effect of the society’s level of human capital in the production of an
individual’s human capital and heterogeneity across individuals.

A particular form of human capital production function is specified below in equation (7).

2.2. The Formation of Health Capital

Health capital is assumed to be produced through private and public channels, which are
easily distinguishable. In addition to the exogenously given public health services equal
for each child and provided for free to the families, parents may decide to commit some
fraction of their resources to private investment in health of their children in order to
increase their levels of health capital. However, even in the absence of any real health



expenditures, children obtain some basic level of health. The health capital level of a

child, who becomes an adult in period t+1, depends on the level of public health
expenditure per child, p, the parental real expenditure on the child’s health, r,, and on

the basic (natural) level of health equal for each child, according to the health capital
production function described by
Ru=Y(p.p.1)=E(pw(p. 1) (2)
This health capital production function is required to satisfy the following set of
assumptions:
Assumptions. V(p,r,) e R’
All y:R> >R, ; w istwice differentiable;
Al.2. Dy (p,1,)>0;
Al3. y,(p,1) <0 and y (o, 1) <0, j=1,2;
Ald. Y p>0, ¥(p,0,0)>0.

These assumptions have the following implications:

- A child’s level of health capital is an increasing function of the level of public
provision of health services and the level of private investment in the child’s health
(i.e.,w. () >0 and y, () > 0).

- Public and private health inputs are substitutes and are characterized by diminishing
returns (i.e., wy,(p,1) <0 and y;(p,1) <0, j=12).

- Even in the absence of public health services, children, whose parents do not invest in

their health, benefit from the basic (natural) level of health (i.e., V p>0, ¥(p,0,0)>0).

A particular form of health capital production function is specified below in equation (8).

2.3. The Optimization of Parents
Agents derive utility from their own consumption in adulthood and from the total future
income of their children. The utility function of an individual born at time t—1 is

therefore

U, =(1-B)logC, + plog(l.},), 3)



where C, is an individual’s own consumption, 1), is the future income of that

individual’s offspring and /3  (0,1) captures the relative weight given to children.®

In every period t, adult individuals are endowed with one unit of time, which they
allocate between childbearing and labor force participation. The cost of feeding and
raising children is measured in terms of work time foregone at & per child. The cost of
acquiring human and health capital is measured in units of the wage per efficiency unit of
labor, w. The wage per efficiency unit of labor, w, is fixed over time, as follows from,
for instance, the assumption of a constant return to scale (CRS) technology with a single
factor of production.

To maximize utility, an adult individual simultaneously chooses a current
consumption, C,, the number of children, N,, and may invest e, units of w in each
child’s education and r, units of w in each child’s health subject to the following budget
constraint:

C,+w(oh, +r,+e)N, <wh,. (4)

The right-hand side of equation (4) represents an adult’s income, which is

allocated between consumption and the total cost of rearing children.

The total future income of that individual’s offspring is:

Itl\il =Nh,w. (5)

2.4. Choice of Fertility and Investment in the Offspring’s Health and Human Capital

From optimization, an adult’s consumption is

C, =(1-p)hw. (6)
That is, a fraction 1- 4 of an adult’s income is devoted to consumption and hence a
fraction g is devoted to childrearing.

To characterize optimal choices of fertility and investment in the offspring’s
education and health, | postulate the following human capital production function that

& In the utility function postulated by Galor and Moav (2002), individuals differ with respect to the relative
weight given to the quality of their children. In the utility function used in Azarnert (2010b), where the
choice is between giving birth to one child per parent or remaining childless, individuals differ with respect
to the weight given to the child.



implies that better health increases productivity of the investment in human capital and
amplifies the return to education:

h,, =(u+e)h*"°R,,, where £>0,0<y<1, 0<o<land y+o<l1, (7)
and u is associated with the spillover effect of public knowledge that all children benefit
from regardless of parental investment in their education, as has been discussed in Section
2.1 above.

To focus on the investment in health, | postulate the particular health capital
production function that captures the major difference between the two sources of health
capital. On the one hand, regardless of their parents’ wealth or skill levels, free public
services provide the same level of health for all children. On the other hand, for any given
level of free public health services, additional private health expenditure is subject to the

family’s choice. The function also implies that in the absence of any real investment in
their health (public or private), children obtain some basic (natural) level of health, B":
Ru=(p+p+ar)”, where p>0, p>0, >0, 0<o <1, (8)
o measures the level of public health expenditure financed by *“outside of the model” per
child and @ corresponds to the relative efficiency of private health capital investment, r,.
Given the health and human capital production functions, as postulated in
equations (7) and (8) respectively, the existence of a non-corner choice with respect to
investment in human capital implies the necessary condition that

ht>ﬁlz[”(1‘a)+3+pj/5. ©)
V4 w

Similarly, a non-corner solution with respect to investment in health capital
requires that

h > h, =[(£+p)(1_7)+ﬂj/5. (10)

ow

Obviously, the thresholds (9) and (10) are increasing with the amount of public health

expenditure ( p) and decreasing with the relative efficiency of private health investment

().
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According to equations (9) and (10), there potentially exist the following four

types of parents in the economy:

1. Parents with human capital below the lowest threshold, h, < min{ﬁl, ﬁz} who choose

not to invest privately in health or human capital of their offspring (r, =0, e, =0).

According to equation (8), for any non-negative level of public health subsidy (p >0),

their children receive (o + ) units of health capital, when they become adults
Rui=(p+p)°. 1)

Therefore, given the level of health, as determined in equation (11), according to equation

(7), they receive
hy=u(p+p) H7. (12)
As no resources are allocated to children’s health and education, the desired

number of children is calculated simply by dividing the parent’s income after

consumption by the quantity cost per child
N =E. (13)
2. Parents with human capital above the highest threshold, h, > max{ﬁl, ﬁz} who choose

to invest in both health and human capital of their offspring (r, >0, e, >0). For such

parents, the optimal choices of investment in children’s health and human capital are as

follows
. o(oh, —u)=((p+p)1-y) /o) (14)
l-y-0o
and
e - y(h, —((p+p)/@)) —#(1—0), (15)

l-y-0o
so that, according to equations (8) and (7), their levels of health and human capital are

o (ol -m -+ p)Y
t+1 1_7/_0_

(16)

and
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17)

o (7 =+ p)/@)-m)Y (ol —m) = (p+P) | o1\
o 1-y-o l1-y-o o

Given the amount of resources allocated to children’s health and education, the
desired fertility is

Nt: ﬁ(l—]/—G) ] (18)
s_H_LTP
he  oh

Equation (14) shows that the optimal choice of investment in the offspring’s
health and, hence, the children’s health capital level (Eqg. 16) is positively related to the
parent’s human capital, although parental human capital does not enter the health capital
production function directly. Equations (15) and (17) show the positive relationship
between the parental and the offspring’s levels of human capital. Equation (18) displays
the traditional negative relationship between the parental level of human capital and the
choice of fertility.

The above equations also demonstrate that public health spending, associated with

the parameter p, crowds out not only parental private expenditure on their offspring’s
health (r,), but also their expenditure on the offspring’s education (e,). In contrast, an
increase in the relative efficiency of parental private health investment (@) has the

opposite effect, and is associated with an increase in the attractiveness of parental

investment in both their children’s health and education.

Furthermore, if pi%‘w—g, ﬁlstﬁz and, hence, min{ﬁl,ﬁz};& max{ﬁl,ﬁz},

parental human capital levels can be higher than the lower threshold, but lower than the
higher threshold.® In such a case, in the economy can exist one of the following two types

of parents. If p> %—g, min{ﬁl, ﬁz}: ﬁl and max{ﬁl, ﬁz}: ﬁz . In this case,

3. Parents with human capital above the threshold ﬁl, but below the threshold ﬁz,

ﬁl <h < ﬁz, choose to invest only in their offspring’s human capital (r, =0, e, >0). For

S Uf p= (,uaa)/}/) -p, min{ﬁl, ﬁz}z max{ﬁl, ﬁz} and, hence, ﬁl = ﬁz. In such a case, there exist only
parents of types 1 and 2.
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such parents, who do not invest in their children’s health, the optimal investment in the
offspring’s human capital is

1-y
and, hence, the desired fertility is

&

N =LA (20)
o-— (/J/ht)
Therefore, the resulting health and human capital levels per child are, respectively
R =(p+p)° (21)
and
y ’ .
ht+1 = (E (&]t - ,u)j (E +p)7 htliyi(7 ‘ (22)
HO@

If, however, p <——-p, min{ﬁl, ﬁz}z ﬁz and max{ﬁl, ﬁ2}= ﬁl. In this case,
y £

4. Parents with human capital above the threshold ﬁz, but below the threshold ﬁl,

ﬁz <h, < ﬁl, choose to invest only in their offspring’s health capital (r, >0, e, =0). For

such parents, who do not invest in their children’s education, the optimal investment in

the offspring’s health capital is
.o o —((p+p)/o)

23
t o (23)
and therefore the optimal fertility is
N =LEo) (24)
5-£7F
oh,
with the resulting health and human capital levels per child
O' (e
Ria = (— (wdh, —(p + p))) (25)
l-o

and

ey = M(&(wéht —(p+ p))) h'7. (26)
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The following proposition summarizes the main result of this section concerning

the effect of free public health services (as captured by a given parameter p) on fertility

and children’s health and human capital.

Proposition 1: The availability of free public health services (p > 0)
(1) Increases the threshold levels of human capital, below which parents do not invest

in health (ﬁl) or human (ﬁz) capital of their children.

(2) Decreases parental investment and the resulting health and human capital levels
per child among children whose parents invest in the offspring’s health and increases
health and human capital levels per child among children whose parents do not invest in
the offspring’s health.

(3) Increases fertility among parents who invest in the offspring’s health and do not

affect fertility among parents who do not invest in the offspring’s health.

Moreover, if p<M—p and, hence, min{ﬁl, ﬁz}z ﬁz and max{ﬁl, ﬁz}: ﬁl, an
y £
increase in the amount of public health expenditure (as captured by an increase in the

parameter p) can also change the order of the thresholds and transform the highest

threshold into the lowest and vice versa.' In this case, type 3 of parents who invest only
in their offspring’s health ceases to exist in the economy and there appears type 4 of

parents who invest only in their children’s education.

2.5. Human Capital Accumulation Dynamics
This section examines the effect of public policy interventions in the provision of health
capital on the society’s average level of human capital at different stages of economic
development.
Given the results of the previous section, as summarized in Proposition 1, it is

intuitively clear that the effect of public policy intervention in the provision of free health

% Technically, this change happens if, as a result of an increase in the parameter p, inequality

p < (uow/y) - p changes its sign and becomes p > (uow/y) - p.
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services depends on the society’s level of human capital as well as on the distribution of
human capital levels of individuals within society. Thus, in a less developed economy, in
which the majority of individuals are characterized by relatively low levels of human
capital below the thresholds and therefore do not invest privately in health and education
of their offspring, the positive effect of the provision of free health services is strong
enough to outweigh its disincentive effect on the small minority of relatively highly
skilled agents. In contrast, in a more developed economy, in which individuals with
human capital levels above the thresholds are numerous enough, a disincentive effect of
free health services for parents with human capital above the thresholds may dominate its
positive effect on the offspring of parents with human capital below the thresholds.

Comparing the level of human capital when free public health services are
provided (h”;°) to that in the absence of such services (h?;°), as shown in equation (A2)

in Appendix A, allows us to determine precisely whether public provision of free health

services increases or decreases the average level of the society’s human capital. Thus, if

h?7° >h?°, free health services increase the economy’s average level of human capital.

In contrast, if h”° <h”™?, the average level of human capital in the economy is higher in

Mo
the absence of health services provided for free to families. The economy therefore
evolves along one of the following three cases.

1. A less advanced economy. In this case, if the initial fraction of the skilled and their
human capital levels are not high enough, the positive contribution of the skilled who
invest in the quality of their children to the society’s average human capital may be
diluted by the growing number of the unskilled.** As a consequence, stemming from the
global externality in the production of human capital, the society’s average human capital
ceases to grow. The economy is thus locked in a low-equilibrium poverty trap with

increasing population and decreasing per capita human capital levels, so that for all

! Tamura (1996) first identified the possibility of dilution effects from differential fertility in human capital
spillover models. By construction of this model, equation (A2) in Appendix A does not imply non-
decreasing per capita human capital levels over time, because children, whose parents do not invest in their
quality, may receive less than the per capita human capital level of the previous period, when they become
adults.
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j>0, ﬁtffo <h 12 At this stage of development, the provision of free access to public

health services (p>0) that could be financed with a considerable aid from foreign

donors in the case of a less developed country or from a central government in the case of
a poorer community can change the path of human capital accumulation and pull the

economy out of a poverty trap and toward a path of increasing per capita human capital

levels, so that h2° > h >h7°. "

t+1
2. A moderately advanced economy. In this case, if the initial fraction of skilled parents

and their human capital levels are relatively high, the economy evolves along a path of

strictly increasing human capital levels, so that for all j >0, _fj:" > ﬁt However, at this

stage of development, the positive effect of public health spending on the poor still

dominates and therefore the provision of free health services may stimulate human capital

accumulation and spur growth, so that h*° >h?”° > h,.

3. A more advanced economy. At this stage, the counter-incentive effect on the skilled is

dominant and therefore the society-wide effect of free health services reverses and

becomes negative, so that h”° >h”° >h.

1
An illustrative numerical example is provided in Appendix B below. The effect of
free health services on the average level of health capital in the economy can be
established in a similar manner using equation (A3) in Appendix C.
The present analysis thus suggests that once the necessarily high level of
individual human capital in the society is achieved, a decrease in the public spending on

the provision of free health services, associated with a reduction in the parameter p, may

increase the society’s average human and health capital. From this point onward, to
enhance human capital accumulation, an appropriate public health policy should
concentrate on improvements in the productivity of private health investments, as
modeled here by an increase in the parameter @. Such policy can be implemented, for

example, in the form of subsidizing the costs of private health care and financing gyms

12 To rule out the possibility that in period t+n human capital will ultimately converge to h, =0, the

t+n
human capital production function (7) could be reformulated as h,,, = max{hmin J(u+e) ﬁtl'“’ RM}.

3 This result echoes the famous finding by Chakraborty (2004) who considered public health investment as
a prerequisite for sustained economic growth.
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and sports clubs for children and adolescents. Along with the direct positive effect on
parental private investment in their children’s health, such policy will also increase the

attractiveness of investment in children’s education and reduce fertility.

4. Conclusion

This article analyzes the effect of public policy intervention in the production of health
capital on fertility, private investment in children’s health and education and human
capital accumulation. | have used a growth model with endogenous fertility, in which the
usual parental trade-off between the quantity and quality of their children is augmented
with an additional separate factor that affects the children’s quality, which is health. I
analyze the overall society-wide effect of public policy intervention in the production of
health capital and derive a condition that determines precisely whether public provision of
free health services increases or decreases the average level of human capital in the
society. The analysis also suggests that, once the necessarily high level of human capital
in the society is achieved, to enhance human capital accumulation, an appropriate public
health policy should substitute away from the provision of free health services and

concentrate on improvements in the productivity of private health investment.

Appendix A. The average level of human capital

The average human capital level in period t +1 is defined as
e = [ NeadFea(h) = [NhdR () /[ NGaR (h). (A1)

Distinguishing parents of each type and given the number of children and the
levels of human and health capital investment among the four types of agents, as
determined in Section 2.5, for any nonnegative level of free public health services

(p>0), the average human capital level in period t +1 is™*

4 Note however that, as shown in Section 2.5, if p = (,uaa)/y) — p, parents of type 3 and 4 cannot exist

simultaneously. Therefore, either the third or the fourth element in the numerator and the denominator in
equation (A2) should equal zero.
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(u-0)/N)+(p +p)/w)jl i

ﬁpZO — F]l—;/—c 14 + o 5 1_ﬁ +
T W (p+ p) I ( ht) h

t+1
h<min{h,h.}

-1

+( z J[ c J I &t—(/—);p)—ﬂJ (a’(éht—ﬂ)—(g+p))“htd':t

1-y— 1-y— -
y-o y-e h,>max{h,,h,}

+(LJ (p+p)° j(fh — 1) *hdF,

1-y A ..
min{h;,h,}<h<max{h,h}
if p>(uow/ 7)-p

O ’ -
“/(1_ oj I(wa“t ~(p+p)f " ahdF, (A2)
min{h, A, 3<h, <max{h,,h, }

if p<(uow/y)-p

o(1-2)+
( ht) h

I ( h (y(l—O')/y)+((,z_)+p)/a))Jl i

h.<min{h,,h,}

+ [5G+ p)fah) = (u/h)) R,
h,>max{h,,n,}

+ [@-wmyrart  [@—(p+p)foh) dF |
min{h,,h, }<h, <max{n,,h,} mingh, h, }<h, <max{h; ,h,}
if p>(pow/y)-p if p<(uow/y)-p |

Appendix B. Numerical Example: The effect of the provision of free health services on
human capital accumulation at different stages of development
To provide a numerical example, suppose that the parameters in the model are as follows:

0=02,0=044, y=05, u=1, w=1, p=0.1,and p=0.1.

Also suppose that in period t+1 the economy can be either at a less advanced, a
moderately advanced, or a more advanced stage of development. To distinguish between

the three cases, suppose that, in the case of a less advanced economy (denoted by j=LA),

the distribution of human capital in the economy is such that among 92 percent in the
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h?* =0.8 with the lower bound

population human capital is distributed normally around
h?*™" = 0.1 and the upper bound h**™ =1.5. Similarly, in the next 3 percent in the
population human capital is distributed around h* =7.25 with h** €]1.5,13], while in
the highest 5 percent in the population h™ =20 with h>* €]13,27]. In the case of a
moderately advanced economy (denoted by j=ModA), the distribution of human capital
in the economy is such that among 77 percent in the population human capital is
distributed normally around h/* =0.8 with the lower bound h/"*™" =0.1 and the upper
bound h/™™ =1.5, in the next 3 percent in the population human capital is distributed
around h® =7.25 with h* €]1.5,13], and in the highest 20 percent in the population
h? =20 with h** €]13, 27]. Finally, in the case of a more advanced economy (denoted
by j=MA), the distribution of human capital is such that among 57 percent in the
population the average level of human capital equals h** =0.8 with h>* €]0.1,1.5], in
the next 3 percent in the population h® =7.25 with h* €]1.5,13], and among 40
percent in the population h*”* =20 with h** €]13,27]. In all other respects, the
economy at a lower level of development ( j=LA) is similar to the economies at a
moderate ( j=ModA) and a higher levels of development ( j=MA). Therefore, with the
distribution of human capital as above, at a less advanced stage of development, the

average level of human capital in the economy is h'* =1.95, at a moderately advanced
ﬁModA
t

stage of development =4.83, and at a more advanced stage of development, the

average level of human capital in the economy is h* =8.67.
Using equations (9) and (10), regardless of the stage of development, in the

absence of free health services (p =0), the human capital thresholds are ﬁf:(’ =6.1 and
ﬁz”:(’ =5.6, while in the presence of free public health services (0 =0.1), ﬁfzo'l =6.6
and ﬁ§:°‘1:6.1, respectively. Therefore, if p=0, parents with human capital levels

below the lowest threshold, ﬁz”:(’ =5.6, will choose not to invest in the education and

health of their offspring, while parents with human capital between the thresholds,
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5.6 <h, <6.1, will invest only in their children’s health and parents with human capital

above the highest threshold, ﬁfzo =6.1, will invest in both health and human capital of

their children. Similarly, in all three cases, if p=0.1, parents with human capital below

ﬁf’:"'l =6.1 will not invest in human and health capital of their children, parents with

human capital 6.1<h, <6.6 will invest only in their children’s health and parents with

human capital above ﬁ§:°'1 =6.6 will invest in both.
Therefore, with h'* =1.95 and given the distribution of human capital in the

population as in the case of a less advanced stage of development, equation (A2) yields

that in period t+1, in the absence of free health services, the average level of human

LA, p=0

capital in the economy will be h, ;"

=1.88, while in the presence of free health services,

the average level of human capital in the economy will be h'7*°'=2.05

(h”*'>h >h”?). Following the same steps, with h"***=4.83 and given the

distribution of human capital in the population as in the case of a moderate stage of
development, in period t+1, in the absence of free health services, the average level of

human capital in the economy will be h"*#= =574, while in the presence of free

health services, the average level of human capital in the economy will be h ;"' =5.83

(h2*'>h2° >h). In contrast, with h"*=8.67 and given the distribution of human

capital in the population as in the case of a more advanced stage of development, the

effect of free health services on human capital accumulation reverses and becomes

negative, so that in period t+1, h*° =10.54 and h”°* =10.47 (h/° >h"*' >h).

t+1

Appendix C. The average level of health capital
Using the health capital production function (8) and following the same steps as in

Appendix A, for any p >0, the average level of health capital in the economy in period

t+11is
R = (oo | 5(1—%) (”(1_0)/7);((£+p)/w)] dF,

h.<min{h,,h,}
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