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Abstract We examine the effects of child policies on both the transitidyramics and long-
run demo-economic outcomes in the conventional overlapping generations modetlatsieal
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depends on health expenditure through an S-shaped longevity function. This magegteefour
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1. Introduction

Over the past century and, in particular, in the recent decadiegsnsiin most countries in the
world have experienced dramatic increases in life expectancy (evirBacci, 1997). The
importance of longevity in determining the macroeconomic and demographicnpenfes of an
economy over the very long run is the object of a growing body of economitulitersee, e.g., the
influential papers by Blackburn and Cipriani (2002) and Chakraborty (2004).

In particular, Blackburn and Cipriani (2002) considered a genepalibgium overlapping
generations (OLG) economy, with endogenous fertility and endogenous longevity esypehiod
lived individuals that accumulate human capital through education — whicé mmain determinant
of adult survival probability. Individuals produce and consume output, invesiucagon and
spend a fraction of their time endowment to take care of theiedéants. A rise in the individual
life span creates a virtuous cycle of events on the process obpeezit: it increases, in fact, the
productivity of labour by raising the returns to human capital accumuldtiengauses a reduction
in the child bearing time as well as a rise in the timé dgents devote to education; this chain of
events promotes human capital accumulation that causes, in tudoctior in both adult mortality
and population growth. In this context, they found that the existence airldvhigh development
regimes, the former being characterised by low income, hightjeand a relatively low length of
life, the latter by high income, low fertility and a relativelgtiilength of life. Depending on initial
conditions, therefore, an economy may be entrapped into poverty or prospemdtel accords
with the empirical evidence of the demographic transition.

Chakraborty (2004), instead, introduced endogenous lifetime in tleeasiond’s (1965) style

OLG model of neoclassical growth with exogenous fertility. The proibabil surviving from work

YIn a model with educational investments and endogenoust§er@hen (2010) developed an OLG model showing
that () with exogenous lifetime, multiple development regimes wiitlb convergence can exist when mortality is high

enough, andi( with endogenous lifetime, a unique stable steady state fexisttiality is low enough.
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time to retirement time is a non-decreasing concave function aidhadual health status which is
determined by public investments. A rise in the health tax to finheakh expenditure may lead
individuals to live longer and this, in turn, provides an impetus toataggtumulation and a higher
life span as well. His main finding is that, when the outpastedity of capital in the Cobb-Douglas
production function is relatively high, endogenous mortality may cause dewibptraps
(represented by the stable zero equilibrium), so that low-income higtality and high-income
low-morality societies can exist. Chakraborty (2004) considered phbhdith investments as a
prerequisite for sustained economic growth and found that improving the btiih of people
may be beneficial for growth and development because it directly rethécask of adult mortality
and this causes, in turn, an impetus to higher capital accumuaiiblower adult mortality as well.
As regards population, it is well established that in redenoades several developed countries

have experienced dramatic drops in fertility that have produced,nnaueduction in the number
of children even well below the replacement rate (e.g., Gernhiahy, Spain and Japan), while also
causing a declining ratio of economically active to retired people. rEsponse of many
governments has been the implementation of child support programmes Inaei@dtlyon the public
provision of child subsidies (e.g., a direct monetary transfer tdiésnwith children) in order to
incentive child care activities of households and favour the fentditgvery, even if other policies
such as child care facilities (e.g., investments in infragtrador day-care centres, schools and so
on) and child tax credits have been adopted, especially in North Eurapednes. However, even
the opposite problem of excessive population growth may represent a sericasn for economic
growth and sustainable development in some countries in the worldsendbentries, therefore, a

child-ta¥ policy may be implemented with anti-natalist purposes to alleviabssible

2 We note that while child support programmes have been extensiwatyired in economic literature (see, e.g.,
Momota, 2000; van Groezen et al., 2003; Apps and Rees, 2004; van Gapekzdfeijdam, 2008), the theoretical
analysis of the effects of child taxes on long-run demo-economforpemces is, to the best of our knowledge,

relatively scarce. For instance, in the literature with entloge fertility, Bental (1989) represents one of the first
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environmental problems and social conflicts that an excessive poputatty cause. This is the
well known case of the one-child policy (or, alternatively, farplgnning policy, see Coale, 1981)
enforced by the Chinese government since the 1979, which probably reptiesesti® example of
application of tax penalties for couples with more than one childvait the world. As regards
some of the technical rules of implementation, the one-child polgtsiats the number of children
that couples decide to have to one, although several exceptions exrstdoce, for couples living
in certain rural areas of China or for people belonging to ethnic mesorin particular, Chinese
families subject to the restrictions of the family planning polieyst pay fines based on their
income if they choose to have more than one child. The monetary peraitiesser, raises more
than proportionally for any additional newborn. Of course, the enforcemetttiofpolicy is
controversial because it had several unpleasant effects (elgpasisggards the moral feasibility to
pursue the goal of restricting the freedom of people to have childmeellass some of the methods
adopted to realise it) that, however, we do not want to discussipaper since they would require
a more careful and thorough analysis.

Moreover, as is well known at least starting from theirs@npaper by Becker (1960), economic
literature has argued that the choice of the number of children shotle vesult of a rational
choice of individuals, especially in developed econorhlasparticular, the theoretical literature on

endogenous fertility is of greater importance in the theory of econgroigth (e.g., Becker and

attempt to discuss, amongst other things, the effects of the talxi instrument in a model where children are
considered as a capital good that furnish services to retiredtpdi.e., the old-age security hypothesis), and concluded
that a tax on children can achieve the optimal capital-labdior vat fails, however, to realise the optimal population
growth rate. Recently, Fanti and Gori (2009) have shown that atakitthn be used to actually raise population growth
in the long run, while also raising income per worker.

3 For instance, van Groezen et al. (2003, p. 237) argued that &Tdefr fertility should therefore be treated as an
endogenous variable, that is, as the result of a rational chdimh ws influenced by economic constraints and
incentives. Economic theory can thus help in explaining why the obsdeatide in the (desired) number of children

would occur.”
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Barro, 1988; Barro and Becker, 1989), even as an explanation of mulgpteeseof developments
when human capital is considered (e.g., Becker et al., 1990; Blac&bdrCipriani, 2002).

This paper represents a first attempt to introduce endogderilisy (with children being
considered as a desirable good) in the basic OLG model with endogenetirselifa la
Chakraborty. Different from Chakraborty (2004), however, we consider a more ge$esilaped)
longevity function of health capital and find that development traps wthsiive stock of capital
— and, hence, positive levels of production and consumption — are pds3ibig. certainly
represents an interesting point, especially as regards the ahptevance of the results.

Moreover, in this paper attention essentially is focused onrtizgacrole that family policies,
consisting in either a tax or subsidy on children, can play on both thetitnaalsdynamics and
demo-economic outcomes over the very long run. The main finding is thatypovegsrosperity
may not depend on initial conditions, while being the result of a childypdésign. In particular, a
large enough increase in the child tax reduces both fertility and madutality. This stimulates
capital accumulation and eliminate the low equilibrium so that anaggy that were entrapped into
poverty due to unfavourable initial conditions will converge towards the unighedavelopment
regime, where income per worker is high, life expectancy is higheatlity is low.

The present paper is differentiated from each of the abowgomed contributions in terms its
specific objectives, analyses and results. From a broader perspexir paper belongs to the
demo-economic literature that treats the key demographic variabkdertility and longevity — as
endogenously determined in the model rather than exogenously given, and linketihehe

process of economic growth in the simple and intuitive context of #melastd OLG model (e.qg.

“ Blackburn and Cipriani (2002), in fact, assumed human capital atatiom through education, rather than public
health care investments, as the main determinant of thiziagrprobability of people.

® Blackrun and Issa (2002) noted the importance of the existérclw equilibrium with positive levels of production
and consumption, and introduced bequests in an OLG growth model with exofgtittysand uncertain lifetimes to

avoid degeneracy in a low development equilibrium.
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Zhang et al., 2001). This paper may also be viewed as a contributibe teider literature on
multiple equilibria, poverty traps and demographic changes over the veryuor(g.g. Azariadis
and Drazen, 1990).

The remainder of the paper is organised as follows. In S&ctmnset up the model. In Section
3 we study the dynamic path of capital accumulation and provide necessatifions for the
existence of multiple (four) steady states. In Section 4 we an#tgseffects of child policies on

economic growth and the stages of development. Section 5 concludes.

2. Themodd

Consider a general equilibrium overlapping generations (OLG) closed ecopopwated by
identical individuals, identical firms and a government that runs hedfth and child polices at a
balanced budget.

The lifetime of the typical agent is divided into childhood and adulthtbedatter being, in turn,
divided into working time (youth) and retirement time (old age). Ahid she does not make
economic decisions. When adult she draws utility from consumption ovéifeheycle and the
number of childrefi.

Young individuals of generation(N,) are endowed with one unit of time supplied inelastically
on the labour market, while receiving wage income at the compettesy, .

It is assumed that the probability of surviving from youth to old iagendogenous and
determined by the individual health level, that is, in turn, augmentdtieoypublic provision of
health investments such as, for instance, hospitals, vaccinationamrogs and so on (see

Chakraborty, 2004). The survival probability at the end of youth of an indivielt@red the

® See Eckstein and Wolpin (1985) and Galor and Weil (1996). Natetlte way of modelling children as a desirable
good that directly enters the parents’ utility has been cafjfedhang and Zhang (1998) a weak form of altruism

towards children.
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working period att, 77,, depends upon her health capital, and is given by a non-decreasing —
though bounded — functiomr = 77(h). Following Blackburn and Cipriani (2002) and Blackburn

and Issa (2002), we model this relationship with the following ragleeeral function of health

capital?
+ 77 AR’
=) =G ®
_ _OAN - 1)
where J4,A>0, O0<m<l, O<m<m, a0)=m>0, 7(h)= />0,
(L+an?)

. . . > < o-1 |o.
lim, . mh)=m<1, n(h)<0if o<1 andn;,h(h)zo for any h_h; ::[m} if 5>1.

Eq. (1) allows us to capture various aspecthefevolution of the length of life of the typical

agent as a function of the individual health meagur it encompasses, in fact, the “saturating”
function used in the numerical examples by Chakts{@004) whend =A =1 and 7z, = Oas well

as the S-shaped function whér>1, while also preserving (different from Chakrabor2p04) a
positive constant rate of longevity regardless ublig health spending. Some clarifications on Eq.
(1) are now useful. First, we defimg as being an exogenous measure of the “naturad”’ ot
longevity of people in a country (see, e.g., Ehli2000; Leung and Wang, 2010): it represents the
“biological” individual survival probability at thend of the working period irrespective of whether

the government invests in public health or not.sTimeasure of individual mortality of the adult

" Although the independent variable of the longevity function in theysisaby Blackburn and Cipriani (2002) is

human capital instead of public health capital, the line agaring to justify this formulation may be the same. To this
purpose, in fact, and to capture the idea that life expectanpgsitively correlated with the level of development,
Blackburn and Issa (2002) argued, in the first part of thgiepdhat the probability of surviving at the end of youth is
non-decreasing bounded function of the stock capital installed in tmomy (and used a stepwise function of the
stock of capital to show the possibility of multiple developmeginmes), while introducing, in the second part of the

paper, an S-shaped function to justify the relationship betvemgevity and public health spending.
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may be thought to be affected by both economic ramtteconomic factors, e.g. the lifestyle of
people, education, economic growth and the stasdafdliving, the degree of culture and
civilisation, weather and climate changes, ethnamrad civil wars, endemic diseases and so on
(which are, however, left exogenous in the presentext). Thus, we may expeat, to be higher

in developed rather than developing or under-d@ezlmations, and the more individuals naturally
live longer, the smaller the reduction in adult tabty when the public health expenditure raises.

Second, the parameter, captures the intensity of the efficiency of heattipital on the rate of
longevity. A rise in7/z; may be interpreted as exogenous medical advanegsfar instance, to

scientific research, vaccination programmes andrsoThird, we may think, realistically, that
health investments have a more intense effectdnaiag adult mortality when a certain threshold
level of health capital is achieved, while becom&egrcely effective when longevity is close to its
saturating value (e.g., the functional relationgbgbween public health expenditure and longevity
may be S-shaped). The parametérand A allow to capture such an idea and determine Wagh t

turning point ofn;,(h) and speed of convergence from the natural leniglifeorz, to the saturating

value 7z. In particular, given the value oA’ the parameterd may represent the degree of

effectiveness of public health investments as dadgament to higher longevity, other things being
unchanged. In other words, it measures how aniadditunit of health capital is transformed into

higher longevity through the health technologydl& 1, n(h) is concave for any and, hence, no
threshold effects exist so that longevity incredsss than proportionally from the starting pomt

to the saturating valuer as h rises, and the moré is close to zero the more efficiently and

rapidly an additional unit of health capital isrtséormed into higher longevity whem is relatively

® The endogenous determination /& in the longevity function Eq. (1) may give rise to interesting findagsegards

the dynamical features of the model that are, howevefplefiiture research.

9 In the numerical example presented throughout the paper, weusel without loss of generality, given the purely

technical (and not economically interpretable) nature of sucrampter.
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low, while reaching the saturating valme more slowly ash becomes larger. Figure 1 illustrates in
a stylised way the functiom(h) when J <1: the solid (dashed) [dotted] line refers to theeca

0=1(d<1) [J - 0]. As can readily be seen from Figure 1, the logegher) J is the more
(less) efficiently an additional unit of health @apis transformed into higher longevity until @)

a certain level oh is reached.

0 fi

Figure 1. Longevity and public health capital whérs 1.

In contrast, wherd >1 the longevity function is S-shaped and threshéfieces exist. In particular,
longevity increases more (less) than proportionaliyil (once) the turning poinb. is achieved.
However, a rise ind shifts the longevity function to the right whilésa increasing the speed of

convergence fronvz, to 77, as clearly shown in Figure 2, where the solicsiea) [dotted] line

refers tood

low

(Ohign) [0 — +o]. This means that the more threshold effectsrainse (high values

of J), the slower an additional unit of health capisalransformed into a higher life span whien
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is relatively low, while reaching the saturatindueasz;, more efficiently and rapidly aB becomes

larger.

0 I

Figure 2. Longevity and public health capital whér>1.

In other words, increasing public health investraasinot effective until a threshold value of hiealt
capital is achieved (and this value is larger drgér iso ), because, for instance, a certain degree
of knowledge to enable such investments to be &ffdg transformed into higher longevity has not

yet been reached.

19 As an example, we may think about the existence of thresfietrdsein the accumulation of knowledge required for
new medical advances and discoveries in the treatment of digeagesaccines) to be effective: the public health
expenditure to finance new research projects may be high ancafpaseless until a certain degree of knowledge is
achieved. Beyond such a threshold, however, a “sudden” effests ¢hat allows to trigger and bring to light the
beneficial effects of the new discoveries, to make thditiezit, usable and operative across population and eventually

transformed into higher longevity.
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As in Chakraborty (2004), we assume that hezjhital per worker at is augmented through
public investments financed at a balanced budg#t avi(constant) proportional wage income tax
0<r<l],thatis:

h=rw. 2)

As regards child care activities, we assume rthiging children is costly and, in particulareth

amount of resources needed to take care of thejives by a monetary cosiw, per child, with
0<q<1 being the percentage of child-rearing cost orpdrents’ working incom&. Moreover, we
assume that in every period the government finaacesge income subsidy be levying a fixed
child tax for each newborn at a balanced budfgeherefore, at time the per worker child policy
budget of the government reads as

ow, =bwn, (3)
the left-hand side being the wage subsidy experedand the right-hand side the child tax receipt,
where b >0 is the fixed percentage of wage income collectedhle government as a tax for an

additional newborng, > (Os the wage subsidy rate adjusted over time tarfe@ out the budget
and n, the average number of children at time

Therefore, in period the budget constraint faced by an individual & ylounger working-age

(child-bearing) generation reads as:

¢, +s+(@+bwn =w(l-7+8), (4.1)

M This child cost structure is similar to that adopted, amomgsty others, by Wigger (1999) and Boldrin and Jones
(2002) and may be considered as a proxy of the time cost of children.

2 For instance, the tax penalties imposed by the Chinese birthinaprogramme on parents with multiple
descendants are computed as a fraction of either the dispasaditee of people living in urban areas or the cash
income, estimated by the local authorities, of people livingural area, and are also proportional to the number of

children that exceeds the quota planned by the government.

11
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l.e. wage income — net of the contribution paidin@ance health expenditure plus the wage subsidy

financed with the fixed child tax — is divided ineaterial consumption when young, , savings,

S, and the (net) cost of raising children.

Old individuals are retired and live uniquelyttwthe amount of resources saved when young

plus the interest accrued from tirheo timet +1 at the rater,,,. The existence of a perfect annuity

market (where savings are intermediated throughuahuunds) implies that old survivors will
benefit not only from their own past saving plutenest, but also from the saving plus interest of
those who have deceased. Hence, the budget consifain old retired individual started working
att can be expressed as

1+,
Corn =— 5, (4.2)

~

wherec,,, is old-aged consumption.

The representative individual entering the wagkperiod at time must choosei Y how much to
save out of her disposable income amyl fow many children to raise in order to maximike t

lifetime utility function
U, =In(c, )+ 7z In(c )+ ¥in(n), (5)
subject to Egs. (4), whene> daptures the parents’ relative taste for children.

The constrained maximisation of Eq. (5) givee tlemand for children and the saving rate,

respectively:
— y(l_ r+ Ht) 6.1
e yarn) e
:ntwt(l_r'l'gt)_ (6.2)
1+ +y

Now, using Eq. (3) to eliminat@ and rearranging terms, Eqgs. (6) can definitiveyitten as:

_ yl-7)
"W r)a+n)+ya’ (7-1)

12
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= (ﬂtWt(l- r)(+b) (7.2)

1+ a+b)+yq’
with 7z being jointly determined by Egs. (1) and {2).
Since one of the objective of this paper isstely of the effects of the child policy varialide
on both the transitional dynamics and demo-econamutcomes over the very long run, it is first
interesting to briefly notice the role played byin a partial equilibrium context. In particularriae
in the child tax increases the marginal cost ofribgaan extra child and then makes more
convenient to substitute children with consumptiBrom Egs. (7.1) and (7.2), in fact, we observe
that as a direct partial equilibrium effect a higlhild tax reduces the demand for children and
increases savings.
In the following section we introduce produati@nd characterise the general equilibrium

features of the model.
2.1. Production and equilibrium

Firms are identical and act competitively on therkeaa The (aggregate) constant returns to scale
Cobb-Douglas technology 1% = AK,“L,"", whereY,, K, and L, = N, are output, capital and the
labour input at time respectively,A>0 represents a scale parameter 8rda <1 is the output
elasticity of capital. Definingk, := K, /N, and y, :=Y,/N, as capital and output per worker, the
intensive form production function can be writtem @ = Ak“. Standard profit maximisation
implies that factor inputs are paid their margimalducts, that {8

r=aAk’ ™ -1, (8)

13 Note that the individual lifetime budget constraint is alwagsfied irrespective of whether the child tax is fixed
either at high or low levels.

4 The price of final output is normalised to unity and capitalljotiepreciates at the end of each period.

13
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w, = (L-a)Ak” . ©)
Knowing that N,,, =nN,, market-clearing in goods and capital market gites usual

equilibrium condition (in per worker terms)k,,, =s,, that is combined with Egs. (7) to obtain:

- =1ytwt(q+b)- (10.1)

Now, using Egs. (1), (2), (9) and (10.1), the dymapath of capital accumulation is described by

the following first order non-linear difference equon:

_ Dk’ (5 + BK™)
Ky = Hvek®) (10.2)

where B:=A[r(1-a)A]’ and D:=(q+b)1-a)A are two positive constant used to simplify
notation. Despite Eq. (10.2) is a simple first arden-linear difference equation, the dynamical

features originated by it are interesting to beestigated and discussed.
3. Dynamics

In this section we analyse both the transitionalaigics and steady states of the economy. From
Eq. (10.2) it is easy to observe that when0 a unique stable steady (as in Diamond, 1965)<xist
becauseB =0 in that case. In contrast, whéx 7 <1, that is B>0, the following proposition

shows that development traps are possible.

Proposition 1. The dynamic system described by Eq. (10.2) adiittisréwo steady state{so, IZ},
with k >0 (only the positive one being asymptotically sthfar four steady state{sO,I?i,IZz,I?a},
with k, >k, >k >0 (only the second and the forth being asymptoticsthble). Moreover, (1) a
sufficient condition to avoid development traps/As >0 and A,>0, and (2) a necessary
condition for the existence of multiple steadyestas that at least eithefA, <0 or A, <0 holds,

14
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where A, :=BE[l-a(1-d)]+ F[1-a(1+29)], A, = mBlLl-a(l-20))+ E[1- a(1+0)],

E:=[m, + 7 +d(m, - m)|B>0 and F := 7B* > 0.
Proof. Let first the following lemma be established.

Lemma 1. Define the right-hand side of (10.2) &&(k). Then, we have: (1.i5(0)=0, (L.ii)

G,(k)>0 for any k>0, (Lii) m, _, G,(k)=+wo, (Liv) m,_..G,(k)=0, (1.v) Gy (k) admits

O+

at most three roots an@,(0)# 0.

From Eq. (10.2), property ().is straightforward. Differentiating the right-léhside of Eq. (10.2)

with respect tk gives

a,D(FKZaJ + Ekaa' +7?6)

G (k)= (11.1)
k( ) ykl—a' (1+ Bka’é')2
Defining k® := x as a new supporting variable, (11.1) can be toansfd to:
2
glk, %) = aD(Fx’ + Ex+ ) (11.2)

Yk (1+ Bx)®
Since no positive real roots of (11.2) can exisent (11.1) implies tha6; (k) >0 for any k > 0.

This proves (1i).

Moreover,
2ao0 12(s)
lim o*Gl:(k)ZQHmk i} Fk2% + EK +2776:+oo_
- yoT k(1 BK
and
TT, E
2a0 a9 2a0 +?+ F
im, ..Gi()=tm, . PEC K ) a0y, e e T
yki=(1+ Bk y kl_a(kzanrkijrsz

which prove (liii) and (1iv), respectively. Now, differentiating (11.1) witespect tok gives
15
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a,D(/\lk305 +/\2k205 +/\3kaa' +/\4)
k> (1+ Bk f

Gr (k) =— , (12.1)

where A,:=(1-a)BF >0 and A,:=m,(1-a)>0. Knowing that k* :=x, Eq. (12.1) can be
rewritten as

—aD(AC + A2+ AX+A,) |

flk.x)= yk??(1+ Bx)°

(12.2)

From (12.2), it is straightforward to see thé{k,x) admits at most three roots for and
f(k,0)#0. Hence, from (12.1)G}, (k) admits at most three roots fér and G}, (0)# 0. This

proves (1v).

Proposition 1 therefore follows. In fact, by projpes (1i) and (1iii), zero is always an unstable
steady state of Eq. (10.2). By i()«(1.iv), G(k) is a monotonic increasing function & and
eventually falls below the 45° line, so that atsteane positive stable steady state exists for any
k>0.

Now, assumead absurdunthe existence of an odd number of equilibria. Byi)(1.iv), the
inflection points cannot be odd-numbered for &y 0. By property (1v), therefore, the number of

inflection points of G(k) is either zero or two for ank >0. Since at least one positive stable
steady state exists, then for aky O the phase map;(k) may intersect the 45° line from bel@aw

mostonce before falling below it. Hence, an even nundfe=quilibria must necessarily exist. In
particular, the steady states are either two, with positive one being the unique asymptotically
stable equilibrium, oat mostone positive steady state separates the lowestpdstically stable
steady state from the highest asymptotically stabks and, thus, the number of equilibria is four.

Moreover, from Egs. (12.1) and (12.2) we obseéhat if A, > Oand A, > 0then no inflection

points of G(k) exist for anyk >0, G, (k)<0 and two steady states exist in that case. In asitr
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G(k) has two inflection points for ank >0 if at least either\, < Cor A, < 0 is fulfilled and,

hence, four steady statesn exist in that cas&.E.D.

Proposition 1 says that multiple development regimee possible when longevity is endogenous
and determined by an individual health measure anged by public investments through the S-
shaped longevity function Eqg. (¥).

Note that the scenarimy= @&nd J =1 resumes the case studied by Chakraborty (2004) in

model with exogenous fertility. The assumption gbasitive natural rate of longevity, however,
exposes the economy to a dramatic change: theeggribrium — which is a catching point when

1, =0 and the output elasticity of capital is high enoug becomes always unstable when
0<m <, and the number of steady states passes from tihfeer, thus making certainly more

plausible the comparison of demo-economic perfonaaetween low and high income countries.
In fact, although the existence of a stable zeglidgium where the economy is collapsed to may
be a useful abstraction to represent poorer ecasynti certainly suffers from a sort of lack of
realism, especially as regards the empirical releaf the results.

Proposition 1 provides sufficient conditionsawoid development traps and necessary but not
sufficient conditions to have multiple steady statehich depend — as can be ascertained from Eq.
(12.2) — on the key parameters of the problem &aedpolicy variabler . However, as extensive

numerical simulations revealed, the existence dfiple regimes of development crucially depends

5 1t is worth noting that Proposition 1 still holds if longevity daged on health capital according to

o
”(h):%Jrl]EAA?f’ where 0<m<1, 0<m<1l, O<m+m<l, n0)=m>0,

. TOoAR° ™
im, . n(h) =m+m<1and lﬂ](h) = m >0, which is another realistic way of modelling a positive

rate of longevity regardless of public health spending. Moreover,thatevalues ofo for which we have a unique

steady state or multiplicity of steady states are indemssigtent with positive consumption.
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on the mutual relationship between the output ieiastof capital (@) and the degree of
effectiveness of public health investments on leitge o ). In particular, for any given value of
development traps are more likely to occur whendpction is relatively capital-oriented (high
values ofa). In particular, wherd =1 multiple steady states appear whenexceedsl/2,"® and
this threshold monotonically shrinks asraises. Therefore, when threshold effects of headpital

on longevity exist (i.e.0 >1), a wider range of economies is prone to be clwmaed by
development traps, since the output elasticityagiital that discriminates between a unigue regime
and multiple regimes of development is empiricaiipre plausible and smaller than one half (as
shown in the numerical example below).

Now, assume that economies exclusively differregards the initial conditiotk,. Figure 3

depicts in a stylised way all the possible outcommfean economy with endogenous longevity and

endogenous fertility. The figure clearly shows tlaat economy that starts below the unstable

equilibrium k, is entrapped into the low regimé, j where income per worker is low, fertility is
high and mortality is high. In contrast, an econatimgt starts beyond the threshdigl converges
towards the high regimek() where income per worker is high, fertility is Iamd mortality is low.

Therefore, as expected, an exogenous shiff imay cause a change in the development regime.

8 This result is in accord with Chakraborty (2004, Proposition ,1p(i126). By passing we note that Bunzel and Qiao
(2005) have shown that the second part of Proposition 1 (i) by Chakréisargorrectly stated” (Bunzel and Qiao,
2005, p. 4), becausa >1/2 represents a necessary but not sufficient condition for tisteage of multiple steady
states (a high value of the scale paraméernf course is required to avoid the existence of a unique, degenerat
equilibrium in that case). However, it still remains trbattwhena > 1/2 three steady statesn exist, so that the
central result by Chakraborty (2004) is kept unaltered eventhéeritique by Bunzel and Qiao (2005). It is important
to note, however, that sinde= 0 is a catching point in such a context, high valdesan drastically reduce the basin
of attraction towards the low stable equilibrium, but the pdggito eliminate the poverty trap does not exist whatever

the level of technological development.
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Figure 3. Multiple steady states.

A numerical experiment to illustrate Propositib now follows. We take the parameter values
(chosen only for illustrative purposesh=105, a =033, y= 030, 7, = 030, 7 = 095,

0=10, A=1, g= 014, r=010 and b=0. Therefore, the low regime is characterised by the
equilibrium valuesk, =1.105, 7{k,)=0.325 and n(k)=1.186, and the high regime instead by

k, = 4.324, n1{k,)=0.812 and n(k,)= 0912. The unstable equilibrium that discriminates betwe

poor and rich countries i&, = 2.834. Therefore, an economy that for some exogenousonsa

starts with a stock of capital below (beyond) sacdihreshold level of development will end up in

the low (high) regime, where income per workerow I(high) and mortality and fertility rates are

high (low), confirming some of the most strikingoasts of the so-called demographic transition.
But this is not the end of the story, howesnce poverty or prosperity may not depend on

initial conditions. A value added of this paperfant, grounds on the importance of determining the

' We useda = 033 as it is usually assumed in literature (for estimatesr oin several countries see, e.g., Jones,

2003).
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role of the child policy variablé on both the transitional dynamics and long-run al&monomic

outcomes of the economy. The next section deals this argument and the main finding is that a
large enough increase in the child tax is sufficieneliminate the vicious cycle and ill-health of
poverty, thus allowing those economies that weteapped into poverty due to unfavourable initial

conditions to end up in the high development regime

4. Child policy

Child allowances in the form of direct monetarynsters entitled to families with children have
often been suggested both by politicians and ecateras a remedy against below-replacement
fertility, and have been extensively used in sdv&mwropean countries, which are among the
countries most plagued by sharp reductions in @djoul growth rates in the last decadesn
contrast, the Chinese one-child per family progr&mwas enforced, among other things, as a
stimulus to economic growth because of the oppgsitdlem of over-population, and maybe it
represents the most interesting case of applicafieax penalties on children in the wotd.

It may be interesting, therefore, to studyeffects of child taxes on demo-economic outcomes in

a context of multiple steady states. Analysiddirom Eq. (10.2) gives the following proposition:

Proposition 2. When the government invests in public health aneldpment traps exist, a large

enough increase in the child tax produces the loisshe lowest stable steady state, thus

18 Policies consisting in cash subsidies for children are lamgbdpted in several countries. As an example, consider
that in Italy a 1,000 euro child grant for each new born wagduated in the year 2005, while in Poland every woman
will benefit from a one-off 258 euro payment for each child, anch&ofrom poorer families will receive double the
previous amount.

9 For instance, the one-child policy had the effect of reducing tita! Fertility Rate in China from more than five

births per woman in the 1970s to slightly less than two bitihsvoman in recent years.
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allowing poorer economies to permanently escapm fpoverty and converge towards the highest

equilibrium, k.

Proof. Differentiation of Eq. (10.2) with respect bogives:

(1) = K + 7BK?) 9D
Gy(k)= y(£+B:<"5) ob '

(13)

where dD/db = (1-a)A>0 for any b[0,+x). SinceG}(k,b)>0 for any k >0 and b[0,+x),
then for anyk’ > Osuch thatG(k',b)<k” with b O[0+x), there existsb’ >b such that

G(k',b')=K' . Therefore, for anp>b", Gk ,b)> k" holds.Q.E.D.

Proposition 2 shows that in a context of multigieasly states, a rise in the child tax increases the
extreme stable steady states, reduces the inteateadistable steady state, while shrinking the size
of the basin of attraction of the poverty trap. Blorer, a large enough increase in the child tax
shifts upward the phase mﬁ(k) in such a way to cause the loss of the lowestesdpuilibrium,
thus allowing those economies that were entrapmto poverty due to unfavourable initial
conditions to end up in the high regime of develepm where fertility is low and income per
worker and longevity are high.

Given Proposition 2 the following result holds:

Result 1. For any given value of the health tax rate poverty or prosperity might not depend on

initial conditions, while being the result of a chpolicy design.

As discussed in Section 2, in fact, a rise in thikddax reduces fertility and increases savings du
to a partial equilibrium effect. This causes a clinenpetus to capital accumulation that shifts the

phase mapG(k) upward for anyk >0, while also raising the stable steady states &and the
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equilibrium wage rate earned by the young workenrsdth low and high income countries. Higher
wages, however, translate into a higher health mipge per worker €eteris paribusas regards
the value of the health tax — that produces a reduction in adult mortalityh&t steady state. The
increased survival probability causes an indireehegal equilibrium feedback effect that acts
negatively on fertility and positively on savingand thus properly works as a stimulus to
accumulate capital further on. As a consequeneeedfuilibrium output per worker increases, while
the steady-state adult mortality and fertility sagdarink in both regimes. A large enough increase i
the child tax, however, is sufficient to createtianslus to capital accumulation to dramatically
eliminate the low equilibrium and allow those ecames that were entrapped into poverty to
prosper, irrespective of initial conditions.

We now illustrate Proposition 2 and Result thwine following numerical examples. We take the
same parameter values as that used in Section Bakat the effects of the child policy variable
b on both macroeconomic and demographic performamegssthe very long run. Starting from the
caseb =0, where the world is divided into poor and rich cwoies, Table 1 shows how the main
steady-state variables react following a rise & ¢hild tax. As can be seen from Table 1, a slight
increase in the child tax (frorb=0 to b= 001) represents an engine for capital accumulation,
while also causing a relatively large reductionaotult mortality and fertility in both regimes of
development. If we assume that childhood is 20g/eétife and adulthood is divided, in turn, into a
30-year working time and a 30-year retirement timese in the child tax from 0 to 0.01 raises the
individual survival probability in poor countriebét passes from 32.5 per cent of the whole time
after the end of youth (i.e. individuals live ab®it5 years beyond the working time) to 34.8 per
cent of the whole time after the end of youth (ir&ividuals live about 10.5 years beyond the
working time), with an increase of almost 0.75 geair life. Adult mortality shrinks of course even
in rich countries but its reduction in more sersiblecause the percentage increase in capital
accumulation (and, hence, in the wage rate) isenighthat case. In particular, raising the chad t

from 0 to 0.01 causes a sharp increase in thenliéebf people in rich countries that moves from
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81.2 per cent of the whole time after the end aitidi.e. individuals live about 24.3 years beyond
the working time) to 87.3 per cent of the wholedi@fter the end of youth (i.e. individuals live
about 26.1 years beyond the working time), witlaa g@f almost 1.8 years of life.

Increasing further the child tax, however, ghastimulates capital accumulation and produces
the loss of lowest stable steady state. TheretbeeJow regime of development vanishes and the
economies that were entrapped into poverty duenfavourable initial conditions will converge

towards the unique high stable steady state fieephase map;(k) lies everywhere above the 45°
line and falls below it only once the high equilibn k, is achieved), with dramatic consequences

for both macroeconomic and demographic outcome$adt) capital accumulation monotonically
increases with the child tax and this raises, in,tthe equilibrium wage rate. As a consequenae, fo
any given value of the health tax, the public health expenditure raises becauséeiricreased

child tax and the length of life of people increas@proaching its saturating valug, while the

fertility rate considerably shrinks.

Table 1. Child taxes and multiple development regimes.

Low regime
b 0 0.01
K 1.105 1.358
w(k,) 7.272 7.782
hlk,) 0.727 0.778
nlk,) 0.325 0.348
n(k,) 1.186 1.104

High regime
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b 0 0.01 0.05 0.10 0.15

K, 4.324 5.338 8.355 12.098 16.136
w(k,) 11.405 12.226 14.174 16.016 17.613
hlk,) 1.140 1.222 1.417 1.601 1.761
nlk,) 0.812 0.873 0.930 0.944 0.947
n(k,) 0.912 0.839 0.660 0.530 0.444

At this point, it is useful studying the effecdf the opposite — and widely adopted — child

allowance policy in a context of multiple steadstes. We define the child allowance (financed by

a wage income ta®<|f|<1) as0<|b<q, i.e. the net cost of children should remain pasito

guarantee the existence of a finite positive sotufor n,. As a consequence of the introduction of

the child allowance scheme, a partial equilibriufieat exists that increases fertility and reduces
savings. Capital accumulation, therefore, will bevdr. This causes a reduction in the steady state
stock of capital and, hence, in the wage rate. &beg, for any given value of the health taxthe
health expenditure per worker shrinks and thentadoltality raises in equilibrium. The reduced
life span induces agents to have more childrenthisl in turn, decreases capital accumulation
further on. Moreover, a large enough increase encthild subsidy can produce the loss of the high

equilibrium (i.e. the phase map(k) lies everywhere below the 45° line once the lowildzrium
k, is achieved), and this in turn implies that, ip@stive of initial conditions, all economies will

end up in the low regime of development, where mmeqger worker is low, adult mortality is high
and fertility is high.

Table 2 shows the effects of child allowancesh® main steady states variables in both low and
high income countries. As regards the high regifmgeselopment, from Table 2 it can be seen that

a slight increase in the child allowance (from 00t003) increases fertility and causes a sharp
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reduction in both capital accumulation and adultrtaddy (with a loss of almost 2 years of life).
The high equilibrium vanishes as a consequencefafther increase in the child allowance and,
thus, the economies converge towards the low regihexe capital accumulation is low, fertility is

high and the lifetime of people tends to the natat 77, .

Table 2. Child allowances and multiple development regimes

High regime
bj<q 0 -0.003
K, 4.324 3.752
w(k,) 11.405 10.884
h(k,) 1.140 1.088
nlk,) 0.812 0.754
n(k,) 0.912 0.955
Low regime
bj<q 0 -0.003 - 001 - 005 - 010
K, 1.105 1.052 0.943 0.510 0.150
w(k,) 7.272 7.153 6.902 5.636 3.767
hlk,) 0.727 0.715 0.690 0.563 0.376
nlk,) 0.325 0.322 0.315 0.302 0.300
n(k,) 1.186 1.210 1.267 1.696 2.872
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5. Conclusions

We studied the effect of child policies in the lbagverlapping generations model with endogenous
fertility and endogenous longevity determined byblmu health investments (see Chakraborty,

2004). We assumed a sufficiently general form @f télationship between longevity and public

health spending to include rather realistic featwfethe evolution of the length of life of agents.

We found that four (instead of the usual senith three) steady states can exist, and this
enriched set of long-run outcomes is possible undere plausible economic conditions with
respect to those described by Chakraborty (200 pakticular, when threshold effects of health
capital on longevity exist, development traps appeaer less stringent (and more empirically
relevant) conditions on the output elasticity opital. Thus, depending on initial conditions an
economy may be either entrapped into a low devetopnregime, where income and life
expectancy are low are fertility is high, or corgertowards a high development regime where
income and life expectancy are high and fertiktyow.

However, the main message of this paper isth®atimiting outcomes of the economy may not
depend on initial conditions, while being the résilchild policy design. In particular, regardless
of whether an economy starts out with either a dovigh stock of capital, a child tax programme
can be adopted to escape permanently the viciotle oy poverty and ill-health, since it properly
works as a stimulus to accumulate capital, increaseme per worker and life expectancy and
reduce population growth.

This paper suggests that the child tax policgy mhave favoured the economic growth
performances of an economy such as the Chineséendhe recent years. Conversely, our results
may also constitute a warning as regards the sffgfdthe more traditional child-subsidy policy: the
price to be paid for stimulating the fertility ra@y in developed countries may be not only the

expected (in a neoclassical growth model) reduatigmer capita income, but also the formation of
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development traps which may be attractive alsodireloping countries in the case of negative
economic shocks.

Finally, other lines along which the presendelacan be extended are the following:& private
provision of health capital can be introduced amchigared with the public health systenn) poth
young and old people can be entitled to public thealte services;ii() the effects on
macroeconomic and demographic variables of othé&tiguolicies such as pension and public
education programmes can be evaluated in a cootentltiple steady statesy} improvements in
health care can have important economic effectsormbythose engendered by greater life
expectancy: for instance, lower morbidity and beftactionality can raise both the productivity

and wage of individuals (e.g. Strauss and Thon&8)land thus may affect economic growth.
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