Macroeconomic Dynamics, 25,2021, 609—-631. Printed in the United States of America.
doi:10.1017/S1365100519000269

ENDOGENOUS DEMOGRAPHIC
CHANGE, RETIREMENT, AND SOCIAL
SECURITY

GIAM PIETRO CIPRIANI
University of Verona and 1ZA

TAMARA FIORONI
University of Verona

In this paper, we analyze the effects of demographic change on a pay-as-you-go (PAYG)
pension system, financed with a defined contribution scheme. In particular, we examine
the relationship between retirement, fertility, and pensions in a three-period overlapping
generations model. We focus on both the case of mandatory retirement and the case where
the retirement age is freely chosen. In the case of mandatory retirement, increasing
longevity has an unambiguously negative impact on fertility and pension payouts and a
positive effect on the level of physical capital in the steady state. On the other hand, when
agents choose the time of retirement, an increase in life expectancy positively affects
physical capital only when the tax rate is sufficiently low and can have a positive impact
on pension benefits, because agents may find it optimal to retire later and to decrease
fertility less. Finally, the effects of the social security tax on capital per worker are
negative with mandatory retirement; however, they could be positive in the optimal
retirement case.
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1. INTRODUCTION

Pensions systems everywhere are faced with the problem of population ageing.
According to the World Population Ageing Report of the United Nations (2015)
between now and 2030, the number of people aged 60 years or over is projected
to grow by 56% and, at the end of this period, it will outnumber children aged
0-9. This ageing process is especially advanced in Europe and Northern America
where people aged 60 or over are already more than a fifth of the population
and will be more than a fourth by 2030. This process is driven by both increas-
ing longevity and decreasing fertility. In fact, since 1950 life expectancy at birth
has risen by more than 10 years in Northern America and Europe and by about 25
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FIGURE 1. Average effective age at which men leave the labor market over time (1970—
2014).

years in Africa and Latin America. At the same time, fertility has declined dramat-
ically over the last few decades, reaching unprecedented low levels, so that now
nearly half of the world lives in countries with below-replacement level fertility
(2.1 children per woman). The result is an old-age dependency ratio in devel-
oped countries of about 25%, expected to double by the end of the century. These
trends pose a challenge for the sustainability of unfunded pension systems, since
they struggle to maintain an adequate level of income support. Faced with this
challenge, governments have introduced pension reforms that have strengthened
the link between contributions paid during the working life and benefits received
during retirement, for example, by switching from a mandatory-defined benefit
pay-as-you-go (PAYG) pension plan to a mandatory defined contribution (DC)
PAYG pension. Also as a result of these institutional reforms, the labor force par-
ticipation of older workers, which was decreasing during most of the second half
of the 20th century, has now reversed in many countries and is increasing in many
developed countries (see Figure 1). In this paper, we study how demographic age-
ing interacts with the pension system. We use an overlapping generations model
where agents live for two periods with certainty and for an extra period with a
probability less than one. Agents make the usual choice on intertemporal con-
sumption given their budget constraint, which also includes a labor tax and a
DC PAYG pension. Moreover, agents decide about their fertility, since children
enter the utility function as durable goods and the budget constraint as a time
cost. Finally, another important feature of our model consists in the retirement
choice: agents can decide for how long to work in the last period, the alternative
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being retirement. However, we also compare and contrast these results with the
mandatory retirement case, which is still prevalent in many countries. Retired
agents receive a pension and consume their savings and the government runs
a balanced budget. Our main contribution is the setup of a unified framework
with pensions, exogenously changing life expectancy, endogenous fertility, and
endogenous retirement. The theoretical literature has in fact studied these issues
separately.

In the literature, there are two main ways to endogenize fertility: one approach,
pioneered by Caldwell (1978), builds on the so-called old-age security motive,
that is, parents have children because they provide them with old-age transfers.
The second approach includes children in the utility function, because they are
regarded as (durable) consumption goods that is desirable in themselves. The pio-
neer work here is Barro and Becker (1989). There are few attempts to set up
models with both channels [Wigger (1999) is one of these] but generally they
are considered alternatively. Among the papers that model pensions with endoge-
nous fertility of the first type, the so-called old-age security type, seminal works
are Cigno (1993), Zhang and Nishimura (1993), and Bental (1989). On the other
hand, some recent contributions following the second approach, that is, the con-
sumption good motive, are Cipriani (2014), Cremer et al. (2011), and van Groezen
et al. (2003). The first paper studies the effects of a PAYG pension system in
an overlapping generations model under exogenous and endogenous fertility. It
shows that increasing longevity may lead to population ageing and adversely
affect the pension system. The last paper presents a model where child benefits
can be used by a government to replicate the command optimum when rear-
ing children causes a positive externality on the PAYG pension system. Finally,
Cremer et al. (2011) have a model with human capital investment that, together
with fertility choice, affects the distribution of abilities, thus introducing a fur-
ther externality in the presence of a PAYG pension system. Then, in a first best
environment they study optimal policies on child and education subsidies. In this
paper, we model fertility choices like in this second approach, since our purpose
is to study a developed economy with retirement and pensions, where children are
not expected to contribute to the retirement income of their parents. In particular,
we assume the utility function to be logarithmic and additively separable as in van
Groezen et al. (2003). Moving now to the other side of the problem, the process
of ageing from above, which takes place through an exogenous or endogenous
increase in life expectancy, and its effects on a PAYG system have been exten-
sively studied, given their clear policy relevance in a world where individuals
live much longer than when the first unfunded pension systems were introduced.
Some recent examples, which model this increase in life expectancy in the same
way we do here, that is, in an overlapping generations model where life extends
probabilistically to a last period, are Tabata (2015), Cipriani and Makris (2012),
and Fanti and Gori (2008). The first paper studies how a pension reform from a
defined-benefit scheme to a DC scheme affects growth in a model where fertil-
ity is assumed to be exogenous. In the second paper, Cipriani and Makris (2012)
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consider exogenous fertility and endogenous longevity, where the average level of
human capital affects life expectancy. In that model, the pension scheme affects
agents’ wealth and thereby the private accumulation of human capital, which in
turn affects longevity in a way which could be inconsistent with the projected
path of longevity used to design pensions in the first place. Finally, Fanti and
Gori (2008) in a simple overlapping generations model with exogenous fertil-
ity and PAYG pensions show that increasing longevity may not always reduce
pensions. However, none of these papers considers retirement choice. Only very
few papers have modeled retirement in this framework, among these Cabo and
Garcia-Gonzileaz (2014), Chen and Lau (2016), and Nishimura et al. (2017).!
The first paper models the strategic interaction between the individual’s deci-
sion about retirement and the government choice for the generosity of the public
pension. The second paper studies the response of retirement age and saving to
mortality decline in a computational analysis of a continuous-time overlapping
generations model. Finally, Nishimura et al. (2017) have a model with education
investment, where education enhances the productivity of labor and the duration
of old age. In the old age, there is some disutility from labor, which gives endoge-
nous retirement like in our model. However, the focus of their paper is on the
Ben-Porath effect under endogenous longevity, that is, on the fact that an increase
in longevity, by increasing the retirement age, increases the returns to education,
thus reinforcing the Ben-Porath effect. None of these models, however, has mod-
eled fertility choice. A recent paper which considers retirement policies in a model
with endogenous fertility is Cipriani and Pascucci (2018). It shows that policy
measures usually adopted to face the problem of the sustainability of a PAYG
pension system, like increasing the retirement age or the social security contri-
bution rate, might have negative effects on the fertility rate, thus exacerbating
population ageing. However, the closest work to ours is Dedry et al. (2017), who
set up a unified model to compare the effects of different social security and retire-
ment regimes. Still, their model assumes exogenous fertility, while in our setting
fertility is optimally chosen and therefore population ageing, which is driven both
by declining fertility and by increasing longevity, is fully endogenous.

We study two cases: mandatory retirement and optimal retirement. In the steady
state, we show that, under some assumptions on the parameters, population ageing
from above, that is, from increasing life expectancy, is reinforced by ageing from
below, that is, by decreasing fertility. With optimal retirement individuals will
extend their working life such that the overall effects on pension payments are
not necessarily negative. On the other hand, with mandatory retirement pensions
will unambiguously fall. Finally, the effects of increasing longevity on equilib-
rium capital per worker are positive, like in the case without social security, with
mandatory retirement. However, in the optimal retirement case, the introduction
of endogenous fertility in the model gives a different result: longevity has a pos-
itive effect on capital only if the social security tax rate is sufficiently low. In
order to illustrate the results of the model, especially in the cases when analytical
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results are ambiguous, we simulate the steady state and the transition dynamics
of the model, under the values of parameters calibrated on Italian data.

The structure of the paper is the following. In the next section we present the
model and derive analytical results in the mandatory retirement and optimal retire-
ment settings. In Section 3 we illustrate the steady state and the dynamics with
a numerical simulation of a calibrated version of the model on Italian data. A
concluding section summarizes our results.

2. THE MODEL

We consider an economy populated by overlapping generations of people who
potentially live for three periods. In the first period, they are children and make
no decisions; in adulthood, individuals work full time and raise their offspring.
Though certain to live through childhood and adulthood, agents are, however,
subject to a probability p of surviving to old age. If they survive to the third
period, agents will choose either to continue working or to retire. In the case of
retirement, agents benefit from a state-funded PAYG pension scheme. For the sake
of simplicity, the length of each period is normalized to one.

Preferences of an adult agent born in period ¢ are defined over consumption
in adult age, that is, ¢/, the number of children »’, and if they survive to old
age, from consumption ¢!, and leisure time (1 — /;) after retirement. Thus, their
expected utility function is given by

U'=Inc, +61Inn' + Bplinc’, +81In(1 — )], 1)

where 8 € (0, 1) is the overall weight attached to utility in old age, § € (0, 1) is the
weight of retirement, and 6 reflects fertility preferences.

In the adult age, parents allocate their wage between consumption cf, saving
s, raising their children ', and paying a tax 7 in order to contribute to the PAYG
pension scheme. Thus the budget constraint of an adult agent in period ¢ is

d=0—-1t—gn"yw —s, 2)

where 0 < g < 1 is the fraction of the parental wage required to raise each child?
andn, <(1—1)/q.

In the third period, agents consume their savings and receive a pension benefit
b,+ over the period in which they do not work, and when they do work their wage
is taxed in order to finance the PAYG scheme. Thus the budget constraint in old
age is given as follows:

" Riy1s

=, + (L= Wil + b (1 =1, 3

where R;;1/p is the rate of return on savings, given that the savings of agents that
do not survive to the old age are redistributed to the surviving ones.
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Production occurs according to a constant-returns-to-scale technology, using
labor L, and physical capital K;. Assuming a Cobb—Douglas production function,
output produced at time 7 is

Y, =AK*L,™", @)

where @ € (0, 1) and A > 0 is a technological parameter.

Firms operate in a perfectly competitive market. In each period ¢, firms choose
the level of labor L, and of physical capital K; so as to maximize profits. Thus the
wage rate, w,, and the rate of return to capital, r;, are given by

wi=A( — a)k? )
and
R, =aAK*™", (6)

where k; = K, /L;.

Labor supply in each period ¢ is given by labor supplied by the adult, that is,
N; =n""'N,_; and the labor supplied by the old, that is, N,_;pl’~'. Thus, labor
force supply in period ¢ is N,_; (n'~! 4+ pI'~"). In equilibrium, this supply must be
equal to the total demand, that is:

Li=N,y(n"~ 4 pl'™h. @)

The equilibrium condition in the capital market, under the assumption that
physical capital depreciates completely after one period, is

KH'I =NISI. (8)

Thus the dynamic equation for capital per worker is given by

st

=—. 9
n' + pl’ ®)

kiyi

The government has to observe a balanced budget and a PAYG social security
scheme. Thus, the revenue from taxing both young, that is, 7, jw,, 7' N,, and old,
that is, 741w 1 'pN; is used to finance retirement pensions. Thus pension benefits
are

twiy 1 (' + pl')
by = — P (10)
p(1=1)

Each household chooses ', s, and I' so as to maximize the utility function
(1) subject to (2), (3), and I' > 0 taking as given the wage, the interest rate, the
pension benefit, and the tax rate. After substituting for b, from equation (10)
optimal saving, fertility, and retirement at an interior solution are given by

- (I =)W1 + Ry 1wy)
Ri1gwil1 46 + Bp(1 + )]

1n

https://doi.org/10.1017/51365100519000269 Published online by Cambridge University Press


https://doi.org/10.1017/S1365100519000269

ENDOGENOUS DEMOGRAPHIC CHANGE 615

o P DR 1B+ wi —wiy (1+0)]
R [1+6 + Bp(1+ )]
j_ A=) {wwiiReys [Bra +pg(1 +6) — ©0] — wiRY, | Bspq — pTows, |
WWi 1 R pg[1 + 60 + Bp(1 + 8)]
(13)

, (12)

From the first-order conditions we derive on the one hand that, ceteris paribus,
a longer life expectancy positively affects agent savings. In fact, in accordance
with an extensive literature a higher probability of surviving to the third period
of life leads individuals to save more in order to finance increased consumption
needs in old age. On the other hand, labor supply in the third period negatively
affects savings, because the possibility of working in old age reduces the
necessity of saving [see Afsa et al. (2012) and Dedry et al. (2017)] and also it
positively affects the number of children through a positive income effect [see
Mizuno and Yakita (2013)].

In many countries, agents can’t choose their retirement age because it is set by
the government. This implies that agents in old age work for a fixed amount of
time I. Thus, in this case optimal choices become:

i R (L= 00w, +Ipowy,
Riy1g(1 46 + Bp)w, — t0wyy

o Rer1Bpg(d - Dw; —wwi[1(1 = )8 + Ipg(1 +6)]
Rip1g(1 + 6 + Bp)w; — 10w .
To study the case of mandatory retirement, for the sake of simplicity we nor-
malize the mandatory retirement age / to zero.> The results obtained in this case
are, of course, identical to the optimal retirement ones in the case of a corner
solution with full retirement.

(14)

(15)

2.1. Steady-State Comparative Statics

In the following sub-sections we analyze the comparative statics in the steady
state for the two PAYG retirement regime schemes as defined in the previous
section, that is, mandatory retirement and optimal retirement.

2.1.1. Mandatory Retirement. In the case of mandatory retirement, the dynamic
equation for physical capital per worker is

Ag(l —a)app

ki1 = —kt : (16)

Ola +t(1 —a)]

Thus there is one stable steady state given:
1

e { Ag(1 — @)app } e

" 0l + (1 — )] a7
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TABLE 1. The effects of social security and aging on equilibrium capital per

worker

Standard case (t =0) DC (r > 0)
Mandatory retirement
Exogenous Fertility dk/ap >0 dk/dot <0, dk/op >0
Endogenous Fertility dk/ap >0 dk/dt <0, dk/ap >0
Optimal retirement
Exogenous Fertility dk/ap >0 dk/dt <0
Endogenous Fertility dk/op>0ifp<p dk/dt >0, dk/dp > 0ifp<p

Note: See Appendix A.1.

The steady-state level of fertility and saving are therefore given by, respectively:

. (1 =)0+ (1 — )]
"= qaBp + q(l + O)la + t(1 — )]’
*0
¢ = aABp(1 —)(1 — )k . 19)
app+(1+0)a+1(l —a)]
Unsurprisingly, from equation (17), the presence of social security depresses the
steady-state level of physical capital, that is, dk/dt < 0, due to the usual saving
displacement effect.

As in the standard case with no social security, the increase in longevity
positively affects the steady-state level of physical capital per worker. This is
because increasing longevity leads to higher saving and to lower fertility. Thus,
the positive effect of longevity on k* through a higher saving is reinforced by
the positive effect through a lower fertility. In particular, it is easy to demonstrate
that the steady-state level of physical capital rises at increasing rate with respect
to longevity (i.e. dk/dp > 0 and dk?>/dp?> > 0). These results are summarized in
Table 1.

From equations (18) and (19), an increase in life expectancy has always got
a negative effect on the steady-state level of fertility and has a positive effect
on saving. Thus, from equation (10) population ageing has two opposite effects
on pension payout in the steady state when agents fully retire: a positive effect
through wages and a negative one through the old age dependency ratio:

(18)

Ol:B(l - Ol)Aq }lla Ny (20)

bla+t(1—a)]|  pl-20/0-"

Therefore, in accordance with Cipriani (2014, 2018) if « < 1/2, an increase in the
probability of surviving to old age negatively affects pensions in the steady state.

Overall, we can conclude that the introduction of endogenous fertility rein-
forces the main results obtained in a framework with exogenous fertility. In other
words, population ageing as a result of increasing life expectancy is reinforced
from below by decreasing fertility.

by =7tA(l — ) {
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2.1.2. Optimal retirement. From equations (5), (6), (11)—-(13), the dynamic
equation for physical capital per worker is given by

T_<p>>2+q,_f_<m

kept = AKY (
p p

; 1)

where T(p) =[a0(1 —t) + pg(1 + 0 + aBp)]/20(1 — 1) and ¥ =agf(l — o +
8)/6(1 — 7). Hence there are two steady states: one, unstable, is at k =0, which
can be disregarded, and one stable steady state given by*

1
5 T—a
k=14 (T_(p)) + _T_(p) . (22)
4 4

The steady-state level of fertility, saving, and labor supply in old age are given
respectively by

(1 =D)OpK*' Y + aA)

ny, = , 23)
aAg[1+6 + Bp(1 + 8)]
. Pl =) —=)[aAB(l + k™™ — (1 + 6)k*]
sh= , (24)
a[l+6 + Bp(1l + )]
l—1 aASB  TO(PK* T + aA)

I = 146 — — . (25
or 1+9+ﬁp(1—|—8)|: +6+Pp S aAgp } 25)

As opposed to the mandatory retirement scheme, when agents decide on retire-
ment the introduction of endogenous fertility gives different results than when it
is assumed exogenous. In fact, in the case of exogenous fertility, the steady-state
level of physical capital negatively depends on social security,> whereas it does
have a positive relationship when fertility is endogenous. (for technical details see
Appendix A.2). We summarize these results in Table 1.

The basic intuition behind these results is that when fertility is exogenous social
security negatively affects both saving and labor supply in old age. The negative
effect of a lower saving on k* is higher than the positive effect of reduced labor
supply in old age. When fertility is endogenous social security negatively affects
saving, labor supply in old age, and fertility. The positive effect of lower labor
supply in old age on k* is reinforced by the positive effect of lower fertility, and
thus the overall positive impact on k* is higher than the negative one.

When considering the impact of longevity, we see that it positively affects the
steady-state level of capital per worker, that is, dk*/dp > 0, if longevity is below
a certain threshold p (for technical details see Appendix A.2).

ASSUMPTION 1.

6(1 —1)7"?
s[5
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We now move on to see the impact of an increase in longevity on the equi-
librium level of fertility and labor supply in old age. Under Assumption 1, from
equation (23), we get that the increase in adult survival has two opposite effects
on fertility: a direct negative effect and an indirect positive effect through k*
given that fertility is a normal good. Some calculations show that when adult
survival is below a certain threshold, the negative effect prevails, whereas above
this threshold, the impact is ambiguous. However, when parameters satisfy a suffi-
cient condition, then the relationship between fertility and adult survival is always
negative (see Appendix A.4). As far as the impact of longevity on labor supply
in old age is concerned, from equation (25), under Assumption 1, we see that an
increase in p induces agents to retire later and when p is sufficiently low, a corner
solution for optimal retirement arises (for technical details see Appendix A.3).
The basic intuition behind the positive relationship between elderly labor supply
and adult survival is that an increase in p, ceteris paribus, negatively affects the
pension benefit and therefore induces agents to increase their labor supply in old
age [see Cipriani (2018)].

Finally, from equation (10), the pension payout in the steady state is given by

tA(l — ) (m* +pl*) A0 — a)s* 27
- p(—F) - p(— ke 7
thus an increase in p has two opposing effects. On the one hand, it has a positive
effect because it increases wages, but on the other hand, it has a negative effect
because it increases the pension system dependency ratio p(1 — I*)/(n* + pl*) (see
Appendix A.6). The overall effect is therefore ambiguous. For this reason, in the
next section, we employ a numerical simulation to study the relationship between
pension benefits and life expectancy.

b*

3. SIMULATIONS

In this section we simulate the steady state and the dynamics of the model under
different retirement schemes. The purpose of this simulation is not to replicate any
specific case but to illustrate the results of the model, especially when analytical
results are ambiguous. In order to give reasonable values of the parameters, we
calibrate the model on Italian data. We use Italian data because they represent
a practical example which comes close to the DC mandatory retirement model,
given that Italy has introduced a mandatory notional DC pension system since
1995. However, given that we use a simple theoretical framework in order to find
our results, we do not expect a perfect replication of the complex demographic
and institutional aspects of the Italian pension system, since the model does not
lend itself to give a perfect match of the real data. The model is calibrated on the
assumption that one period lasts 30 years. The probability of surviving to old age
(longevity) is computed using life expectancy at age 30 and considering that the
length of adulthood is fixed at 30 years.
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FIGURE 2. Fertility and longevity.

We have set the parameters «, 8, and g by either using the data for Italy in 2015,
when available, or the parametrization of other quantitative studies. In particular,
the parameter «, that is, the capital share in added value, is set to 0.313 as provided
by the OECD (2018) table on labor share in Italy in 2012 (the last available at
the time of writing). The quarterly utility discount factor, 8, in the literature is
usually set equal to 0.99; for the entire adult lifespan, it is evaluated as 0.99'%°,
approximately 0.3 [see De La Croix and Doepke (2003)]. The child rearing cost,
g, is set equal to 0.3, in line with the empirical literature on children’s resource
share, which estimates that children account for between 20% and 30% of the
households’ budget [see, e.g., Letablier et al. (2009) and Apps and Rees (2001)].

The social security tax rate, that is, T is calibrated using equation (10), under
the mandatory retirement scheme, in order to match the gross replacement rate
for Italy [OECD (2018)]. In particular given that the gross replacement rate is
equal to 83% and that the old age dependency ratio is 35% (World Development
Indicators, 2018) we get t = 0.3. The parameter 6 is calibrated from equation (18)
in order to replicate the Italian fertility rate. In particular, we use only the data on
Italian citizens in order to isolate it from the effect of immigration. In 2015, the
Italian fertility rate was 1.27. However, since we have single-sex individuals in
the model, we calibrate 6 such that fertility is equal to 0.6 per individual. This
delivers 6 equal to 0.42. Finally, the scale parameter A is calculated by solving
the dynamic equation for income (see equation (B1) in Appendix B) in order to
match the per capita income in Italy in 2015.

Figure 2 plots the steady-state level of fertility rate. As shown in theory, fer-
tility is declining with longevity, thus exacerbating the ageing process. However,
fertility is higher in the optimal retirement scheme and the decrease is steeper
with a mandatory retirement setting.
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Figure 3 shows, in accordance with the theory, that the pension system depen-
dency ratio is increasing in longevity, but this increase is obviously much stronger
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when retirement is mandatory.

In Figure 4 we plot the steady-state values of capital per worker in the case of
mandatory retirement versus optimal retirement. In both cases, steady-state level
of physical capital per worker is increasing in longevity. Since forcing an early
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FIGURE 5. Pensions and longevity.

retirement increases savings, under the mandatory retirement case, the increase
in capital per worker is steeper than with optimal retirement. Moreover, in the
optimal retirement scheme, the increase in saving is partially compensated by the
increase in the old-age labor supply.

Pension benefits decrease with longevity if retirement is mandatory. On the
other hand, with endogenous retirement, our results show that this effect is
ambiguous. In Figure 5 we show that benefits increase with longevity given our
set of parameters. Therefore, population ageing might not be problem for the level
of pensions if retirement is allowed to be optimally chosen.

Next, in Figure 6, we plot lifetime utility in the two cases. Utility always
increases with longevity but the mandatory retirement case dominates optimal
retirement. This is the result of the steeper increase in k* with mandatory retire-
ment, which compensates for the utility loss on the labor supply in the last period
of life. This trade-off between the dynamic efficiency gain and the static efficiency
loss is the same as that studied by Dedry et al. (2017). In fact, the steeper increase
in capital per worker when longevity increases is due to the steeper increase in
savings, because working time is inelastically supplied under mandatory retire-
ment. On the other hand, this additional constraint on labor supply must have a
negative effect on lifetime utility. The conclusion from Figure 6 is that the former
effect must be greater than the latter so that, overall, there is a larger increase in
the steady-state level of utility with respect to the optimal retirement case.

Finally, Figure 7 plots the steady-state level of income per worker as a function
of the social security tax rate when p = 0.8. As shown in the theory, the relation-
ship is negative under the mandatory retirement case and positive in the optimal
retirement case.
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FIGURE 7. Capital per worker and the social security tax rate.

We now investigate potential differences between the short-term and long-term
impacts of increasing longevity on the physical capital per worker, pension bene-
fit, and lifetime utility (see Appendix B for the dynamic equations). In particular,
we focus on the transition between two steady states resulting from an increase
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in longevity from 0.57 to 0.75. We consider 10 time periods, each with a dura-
tion of 30 years and assume that longevity equals 0.57 until period 3 and rises to
0.75 in period 4 and is constant throughout all the remaining periods. This change
leads to a decrease in fertility by 2% in the mandatory regime and by 1.2% in the
optimal retirement regime. Additionally, in the optimal retirement regime, there
is an increase in the labor supply in old age of 38%. Figures 8—10 show that the
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transition in capital accumulation and lifetime utility is monotonic, whereas the
path of pension benefit is not.

Capital per worker in period 5 depends on the savings made by the adult gener-
ation, that is, those born in the previous period, and the total size of the workforce
in the same period. In the mandatory pension scheme, capital per worker increases
as higher income per capital leads generation four to increase its savings in order
to spread consumption over a longer lifespan as well as opting for lower fertility.
In the optimal retirement scheme, the transition is smoother, because the increase
in labor supply from the older generation is added to these two factors observed
in the mandatory scheme. This increase in labor supply, in fact, leads to a lower
growth rate of capital per worker in the optimal retirement scheme with respect
to the mandatory scheme. The growth rate of capital per worker, in period 5, is in
fact 30% in the mandatory scheme versus 5% in the optimal retirement scheme.

As far as the pension benefit is concerned, in Figure 10, we can observe in
the case of mandatory retirement a downward spike in period 5 followed by
an increase during period 5-6, which then stabilizes from period 6 onwards.
In the optimal retirement case, even though there is a similar path, nevertheless
the order of magnitude is considerably lower. Overall, we can observe that the
decrease in pension benefit in period 5 is due to the fact that the growth rate in per
capita income (8.8% in mandatory retirement and 1.7% in the optimal retirement)
is lower than the increase in the old-age dependency ratio (33% in mandatory
retirement and 1.9% in the optimal retirement). From period 6 onwards, pension
benefits increase because of the increase in per capita income.
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4. CONCLUSIONS

Population ageing due to higher longevity and lower fertility poses a challenge to
the sustainability of the pension systems. Unsurprisingly, a large theoretical and
empirical literature has developed in the recent years to study these issues. We
build on this literature and present a theoretical overlapping generations model
where fertility is chosen by optimizing agents and the government operates a
fully balanced DC PAYG pension system. We show that, in the steady-state equi-
librium, if the retirement age is allowed to be decided by the workers, the pension
system dependency ratio may not dramatically worsen, like in the case of manda-
tory retirement, since agents might find it optimal to work longer and to decrease
fertility less. As a consequence, pension benefits may not be decreasing with
ageing in the case of optimal retirement.

We think that our findings have some important policy implications. When set-
ting pension policies, governments should also consider how they trigger changes
in individual behavior, including fertility and labor supply. The link between fer-
tility and pensions is, of course, very well known in the literature [for an extensive
review see Cigno and Werding (2007)]. The novelty of our approach is to consider
a setting with endogenous retirement and show that in a pure DC pension setting,
if retirement is freely chosen by agents, the pension consequences of increasing
life expectancy can be ameliorated, even though there is still a fertility decline
and a consequent population ageing.

We are aware that our model presents some caveats and that can be extended
to include some important features. First of all, a straightforward extension is to
consider endogenous longevity. In this case, agents’ lifetime could change as a
result of their choices and this could have different implications under alterna-
tive pension regimes. However, in the present framework, we have not included
endogenous longevity, because this would complicate the analysis and take the
focus away from the main issue given the extensive literature which discusses the
main factors affecting longevity [see, e.g., Preston (1975) and Livi Bacci (2007)
among others]. Secondly, another interesting extension could be to include leisure
in adulthood. This would certainly enrich the model and lead to some form of
trade-off or complementary between labor supply in adulthood and old age [see,
e.g., Matsuyama (2008)]. Thirdly, one could study a defined benefit setting and
compare the results with those obtained in the DC case. Defined benefits pen-
sion plans have lost their dominance in the occupational pension systems of many
countries; however, they are still present in many countries, which often present a
combination of the different types of pension arrangements [for an overview see
OECD (2016)].

Finally given that we have a setting with endogenous fertility, the model could
be extended to study the effect of other policy measures, such as child benefits or
child-related pension benefits. We leave these extensions for further work.
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NOTES

1. See also Miyazaki (2017) and Zhang and Zhang (2009).

2. This way of modeling child cost has been extensively used in the literature. See, for instance,
Wigger (1999); Boldrin and Jones (2002) and Fanti and Gori (2014).

3. The presence of [ > 0 complicates the analysis but does not affect the qualitative results.

4. Note that 9k, /9k, > 0 and 9°k,,.,/9k? < 0.

5. If ¢ =0 it does not depend on social security [see Cipriani (2018)].

REFERENCES

Afsa, R., F. Pueyo and M. Sanso (2012) Life expectancy and labor supply of the elderly. Journal of
Population Economics 25(2), 545-568.

Apps, P. and R. Rees (2001) Household production, full consumption and the costs of children. Labour
Economics 8(6), 621-648.

Barro, R. J. and G. S. Becker (1989) Fertility choice in a model of economic growth. Econometrica:
Journal of the Econometric Society 57(2), 481-501.

Bental, B. (1989) The old age security hypothesis and optimal population growth. Journal of
Population Economics 1(4), 285-301.

Boldrin, M. and L. E. Jones (2002) Mortality, fertility, and saving in a Malthusian economy. Review
of Economic Dynamics 5(4), 775-814.

Cabo, F. and A. Garcia-Gonzélez (2014) The endogenous determination of retirement age and social
security benefits. Macroeconomic Dynamics 18(1), 93—113.

Caldwell, J. C. (1978) A theory of fertility: From high plateau to destabilization. Population and
Development Review 4(4), 553-577.

Chen, Y. and S.-H. P. Lau (2016) Mortality decline, retirement age, and aggregate savings.
Macroeconomic Dynamics 20(3), 715-736.

Cigno, A. (1993) Intergenerational transfers without altruism: Family, market and state. European
Journal of Political Economy 9(4), 505-518.

Cigno, A. and M. Werding (2007) Children and Pensions. Cambridge: MIT Press.

Cipriani, G. P. (2014) Population aging and PAYG pensions in the OLG model. Journal of Population
Economics 27, 251-256.

Cipriani, G. P. (2018) Aging, retirement, and pay-as-you-go pensions. Macroeconomic Dynamics
22(5), 1173-1183.

Cipriani, G. P. and M. Makris (2012) PAYG pensions and human capital accumulation: some
unpleasant arithmetic. The Manchester School 80(4), 429-446.

Cipriani, G. P. and F. Pascucci (2018) Pension policies in a model with endogenous fertility. Journal
of Pension Economics & Finance, forthcoming, doi:10.1017/S1474747218000148.

Cremer, H., F. Gahvari and P. Pestieau (2011) Fertility, human capital accumulation, and the pension
system. Journal of Public Economics 95(11), 1272-1279.

Dedry, A., H. Onder and P. Pestieau (2017) Aging, social security design, and capital accumulation.
The Journal of the Economics of Ageing 9, 145-155.

De La Croix, D. and M. Doepke (2003) Inequality and growth: Why differential fertility matters.
American Economic Review 93(4), 1091-1113.

Fanti, L. and L. Gori (2008) Longevity and PAYG pension systems sustainability. Economics
Bulletin 10(2), 1-8.

Fanti, L. and L. Gori (2014) Endogenous fertility, endogenous lifetime and economic growth: The role
of child policies. Journal of Population Economics 27(2), 529-564.

Letablier, M.-T., A. Luci, A. Math and O. Thévenon (2009) The costs of raising children and the
effectiveness of policies to support parenthood in european countries: A literature review. Brussels:
Directorate-General Employment, Social Affairs and Equal Opportunities, European Commission.

Livi Bacci, M. (2007) A Concise History of World Population. London, Malden, MA: Blackwell.

https://doi.org/10.1017/51365100519000269 Published online by Cambridge University Press


10.1017/S1474747218000148
https://doi.org/10.1017/S1365100519000269

ENDOGENOUS DEMOGRAPHIC CHANGE 627

Matsuyama, K. (2008) A one-sector neoclassical growth model with endogenous retirement. The
Japanese Economic Review 59(2), 139-155.

Miyazaki, K. (2017) Optimal pay-as-you-go social security with endogenous retirement.
Macroeconomic Dynamics 23, 1-18.

Mizuno, M. and A. Yakita (2013) Elderly labor supply and fertility decisions in aging-population
economies. Economics Letters 121(3), 395-399.

Nishimura, Y., P. Pestieau and G. Ponthiere (2017) Education choices, longevity and optimal policy
in a ben-porath economy. Mathematical Social Sciences 94, 65-81.

OECD (2016) OECD Pensions Outlook. Paris: OECD Publishing.

OECD (2018) Gross Pension Replacement Rates (Indicator). Paris: OECD Publishing.

Preston, S. H. (1975) The changing relation between mortality and level of economic development.
Population studies 29(2), 231-248.

Tabata, K. (2015) Population aging and growth: The effect of pay-as-you-go pension reform.
FinanzArchiv: Public Finance Analysis 71(3), 385-406.

van Groezen, B., T. Leers and L. Meijdam (2003) Social security and endogenous fertility: Pensions
and child allowances as siamese twins. Journal of Public Economics 87(2), 233-251.

Wigger, B. U. (1999) Pay-as-you-go financed public pensions in a model of endogenous growth and
fertility. Journal of Population Economics 12(4), 625-640.

Zhang, J. and K. Nishimura (1993) The old-age security hypothesis revisited. Journal of Development
Economics 41(1), 191-202.

Zhang, J. and J. Zhang (2009) Longevity, retirement, and capital accumulation in a recursive model
with an application to mandatory retirement. Macroeconomic Dynamics 13(3), 327-348.

APPENDIX

APPENDIX A: STEADY STATE ANALYSIS

A.1. EXOGENOUS FERTILITY

When fertility is exogenous, the steady state level of physical capital, in the case of
mandatory retirement, is given by [see also Cipriani (2018) for the case in which ¢ =0]:

. {Aaﬁp(l — 7t —ng)1 —a)}lla
nlo(l+ Bp)+ (1 —a)] ’

MR =
where it easy to note that dk},,/dp > 0 and dkj,, /0t <O.
In the case of optimal retirement the steady state level of physical capital is given by:

*_|: Aaf(6 —a+ 1)1 — 1t —ng)p :|11a
" LA = Dlepp? +apn(i+8p+p+anl]

Simple calculations show that 9k/dp > 0 given that n > Bp* and dk/d7 < 0 because n <
2(1 — 7)/q always holds given that n < (1 — t)/¢ from equation (2).

(A1)

(A2)

A.2. PHYSICAL CAPITAL OPTIMAL RETIREMENT
From equation (22), ok*,/dt > 0 if:

or

2 —1/2
1[(%)) +w} [2T<p>a[r<p>/p] +@]_ AT (p)/p) _

0, (A3)
2 4 T ot ot
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ok .
where after some simplifications -2 > 0 if:

T

1/2

ay /ot T(p) )\’
4= — 0, A4
TPt p >[< P ) W} - 4y

where squaring both sides and after some simplifications we get:

[ L S
20(T(p)/p)/ it p Lo@w/p/at  T()/p
since:
0y/dT _ AT(p)/p)/dT _ od >0 (A6)
" T(p)/p af(1 — 1) + pg(1 460 4 afp)

From equation (22), 0k}, /dp > 0 if the following necessary and sufficient condition holds:

Ip)
P

A[T(p)/p]

ap (T(17))2+\II

P

—1]>0, (A7)

where, given that the term inside the brackets is negative and that:

T (p)/pl _ agpp® —ab(l — 1)

= A8
ap 20(1 — 1)p? (48)
then it follows that:
o1 —o)"* AT
ifp>|: ( T)] = WY ke ap <, (A9)
qp ap
L [0 -7 _ aTe)/p] .
ifp < = < 0= 0k}, /op > 0. (A10)
qp ap
Thus under the assumption that:
PR (A11)
-1
eq. (A10) is always satisfied.
Finally:
limk; =0 (A12)
p—0

A.3. LABOR SUPPLY IN OLD AGE

From equation (25), in the steady state, a corner solution with full retirement, that is [}, =0
arises if:
Ok, + aA)kE

(146 + Bp)k:,' ™ < aASp +
aAgp

; (A13)

where the left hand side is increasing with respect to p and it is equal to zero when p = 0.
Thus /* > 0 when p is above a certain threshold. To find this threshold we use equations
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(17) and (22). Simple calculations show that k. > k7 if:

mr — "o

Oul(l — o)t +8u] -0 (A14)

aBap® + (1 + 0)ugp — i—a >

where u =a +1(1 —a). Thus k. > k. if p > p:

— Tor

I +0)ugP +dapug 5282 — (1 +0)ug

p= , Al5
p 2Bq (A15)
Thus since there exists a unique value of p = p, such that when p > p then k, >k’ we

can conclude that /* > 0 for each p > p. Also, since p < 1 it must be that ¢ > Ou[t(1 —
a)+8ul/(1 —a)aB + (1 +0)ul.

To study the relationship between labour supply in old age and adults survival it is useful
to write equation (25) as follows:

1 55 (1—a)r(l +8)n*
L — [(1 Cay1 -7y W (el )”"] (A16)
(14681 —a) pkz, p
Thus:
o (s /pk* an*.
Wor _ s 906u/PR) 1 482 2 g (A17)
ap ap ap

because from equation (24) it is easy to note that d(s?,/pk;,)/dp < 0 and as shown below
on},./op < 0.

A.4. FERTILITY
Under assumption 1, equations (23) and (A7), dn},/dp < 0 if

a0(l—1)—gpp’] _aAB(L+8) —K'™(1+6)
201 = )/ (TP)? +Wp? k'~ [1+6 + Bp(1 4 8)]

where both the LHS and RHS of (A18) are functions of p. From equation (A20) RHS > 0
foreachO<p<1.Given0<p<1:

(A18)

dLHS(p)
ap
lim LHS(p) =1
p—0

<0;

ARHS(p) _ (A19)

ap
lim RHS(p) = oo.
p—0

0;

Note that RHS(p) > 1 for each 0 < p < 1 if the parameters satisfy the condition ¢ < 2c(1 +
8)6(1 —1)/(1 46 —2)[2(1 +0)+ B(1 +5)].
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A.5. SAVING
From equation (24) 5% > 0 because:
aAB(1+6) o prli-a)
1 + 9 or

holds for each 0 < p < 1. In fact, when p =0 k* =0 and therefore equation (A20) holds.
Thus given that dk*/dp > 0, equation A20 holds because it is satisfied when p=1. In
particular when p = 1 it is easy to show that:

aB(l+6)
1+6

(A20)

+T01) > [T)+ w]'/? (A21)

where squaring both sides and substituting for T(1) and ¥ we get:

Bl +3) q 1+36
[ 1+0 +1M9(1—r)+1+9]>0 (A22)

A.6. PENSION SYSTEM DEPENDENCY RATIO
The equilibrium old age dependency ratio is given by:

1—1 ke (1 — bk
DR~ p(L=D _ phi,(1 =) A23)
B Sor

Thus from equation (25) it follows that:

dDR B(pkor /s5) (64T apk;,./ss )y, pkh o on./p)
ap ap 146 ap P sk ap

] >0 (A24)

because from equation (24) it is easy to note that 9(s>,./pk}.)/0p <0 and the following

holds:
d s*)ynt ky, o(n O(A
(p / or) Zor + ( /P) ZM/(p)(Ck::,a 1 d) k:rl o -
p p s: ap p

(IA sz x a—1
o [k* s Tk, d} (A25)

where c =aAB(1 +6), d=(1+06) and ckjjr“’1 —d >0 for each 0 <p <1 (see equation
(A20)).

APPENDIX B: DYNAMICS

In the mandatory retirement, from equations (14), (15) and 16, the dynamic equations for
the per capita income, fertility and saving are given:

: I_A{ q(1 — a)app, }
1+

YOla+ (1 —a)] ®D
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- A —1)8la+1(1 — )]
T glapp + (1 + O+t — )]}
__appd—a)1 )y,
aBp+ (1 +O)a+t(1—a)]

In the optimal retirement, from equations (11), (12) and (13) and 21 the dynamic
equations for the per capita income, fertility and saving are given:

(B2)

(B3)

t

3

T(p)\> T
Vir1 =AW <£)> + W — ﬂ s (B4)
p P

= (I =)0k +ay,) . (BS)
yieg[l +6 + Bp.(1+6)]

L= 11— r)[ﬁptzq +pig(1 +0) — 10 — (ay B3qp;/kis1) — (PiTOky1 /ay,)] (B6)
’ Pl +0 + Bpi(1 + )]

.- pi(1 = 1)1 —a)[BU +8)y, — k1 (14 0) /]
' 1+6+Bp(1+6)

where k. is given by equation (21).

B7)

https://doi.org/10.1017/51365100519000269 Published online by Cambridge University Press


https://doi.org/10.1017/S1365100519000269

	ENDOGENOUS DEMOGRAPHIC CHANGE, RETIREMENT, AND SOCIAL SECURITY
	INTRODUCTION
	THE MODEL
	Steady-State Comparative Statics

	SIMULATIONS
	CONCLUSIONS
	STEADY STATE ANALYSIS
	EXOGENOUS FERTILITY
	PHYSICAL CAPITAL OPTIMAL RETIREMENT
	LABOR SUPPLY IN OLD AGE
	FERTILITY
	SAVING
	PENSION SYSTEM DEPENDENCY RATIO

	DYNAMICS


