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This paper explores the effects of the social security system on retirement and labor
supply decisions. Due to the regulations established by Chilean social security law re-
form, two social security systems coexist in Chile: the “Pay-As-You-Go” and the indi-
vidual account system. The coexistence of the systems allows us to better understand the
effects of both social security systems on retirement and labor supply. We find that (1)
larger benefits in any social security system induce earlier retirement and (2) larger vari-
ance of benefits in the individual account system induces later retirement. We do not find
major impacts of social security on labor supply of individuals in the labor force.

I. INTRODUCTION

ONE of the characteristics of the labor market around the world during the
second half of the twentieth century is a decrease in the labor market par-
ticipation rate of older individuals. In fact, labor force participation of males

aged 60 to 64 in the United States ranged near 80% in 1960 but had decreased to
almost 50% by 1995. Significant changes were observed in European countries,
too. Belgium and France had a 70% labor force participation in 1960 by males aged
60 to 64. However, these participation rates were only 20% in 1995 (see Gruber and
Wise 1997).

An explanation for the decreasing trend in labor force participation is attributed
to the existence of a “Pay-As-You-Go” (PAYG) social security system. Social secu-
rity systems themselves have been a topic of increasing research due to their grow-
ing financial problems. Those financial problems have been largely attributed to
changes in the age pyramid. Further, the social security financial crisis is exacer-
bated if social security systems induce earlier retirement or decrease the labor sup-
ply per individual.

An alternative to the PAYG system is the individual account (IA) social security
system. The effect of switching to an IA system on retirement and labor supply is
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an important policy issue as an increasing number of countries are switching to
these systems. However, no clear empirical answer to the effect on retirement and
labor supply of IA systems has been produced.

This paper analyzes the effects of the PAYG and IA social security systems on
retirement and labor supply using the Chilean experience. The main reason for
using Chile as a reference country is that Chile was one of the first countries to
move from a PAYG social security system to an IA social security system in 1981.
During the 1990s, in contrast with the experience of other countries around the
world Chile faced decreases in its retirement rate among individuals aged 60 to 64.
In fact, the retirement rate among individuals aged 60 to 64 was 24.4% in 1990 but
just 18.8% in 1998. Figure 1 shows the evolution of retirement rates for different
age groups during the 1990s. All groups show this decreasing trend related to re-
tirement.

One possible factor that may influence this different retirement rate pattern may
be related to the exogenous change in the social security system rather than other
characteristics of the economy. As explained below, in Chile, one set of individuals
is currently enrolled in the PAYG system while another set is enrolled in the IA
system due to regulations established by the 1981 social security law reform. Table
I compares retirement between social security systems across different age groups
of individuals. The retirement rate for any group is always smaller in the IA system.
As individuals become older, the difference in retirement rates becomes larger reach-
ing an 18% difference in the group of individuals aged 60 to 64 years old. This
paper will explore carefully the effects of different social security systems over
retirement and labor supply and will provide an explanation for these different re-
tirement patterns between social security systems.

Source: CASEN survey (various years) and own calculations.

Fig. 1. Total Retirement Rates by Age Group, Chile, 1990–98
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Another focus of this paper is to distinguish between two possible effects of the
social security on labor supply decisions. On one hand, we evaluate the impact of
larger social security benefits on labor supply decisions. This case is related to the
usual income effect that impacts labor supply decisions. On the other hand, and
since we also want to determine the impact of the IA social security systems, we
evaluate the impact of the variance of social security benefits on labor supply deci-
sions. In fact, the return of the IA system usually depends on stochastic financial
markets rate of return. As individuals cannot perfectly forecast this rate of return,
we may hypothesize that individuals retire later so that they accumulate larger as-
sets as a way to protect themselves against negative future shocks on the rate of
return of the social security system. Our empirical work will evaluate both hypoth-
eses and will provide magnitudes to evaluate their relevance.

We use the 1998 survey conducted by the Chilean government to monitor the
socioeconomic characteristics of the Chilean population (CASEN). The survey has
data on individuals in both social security systems and thus will allow us to better
understand the impact of both systems on labor supply decisions. There is, how-
ever, an identification problem in the estimates. It is possible for individuals to
choose between the two different systems. Thus, when unobservable characteris-
tics of the individuals have some influence on the process of choosing, the esti-
mates could be biased if the covariances between the social security variables and
unobservable characteristics influencing retirement decisions (or labor supply de-
cisions) are different from zero. To avoid inconsistency in our estimations, we use
the regulations of the 1981 social security to provide exogenous variation in our
estimates. The 1981 law allows individuals enrolled in 1981 in the old PAYG sys-
tem to choose between the systems. However, there is a large set of individuals that
did not have the choice between systems, and for whom the system choice is exog-
enous. Some groups can be identified: (1) individuals entering the labor market
after the law change were required to enroll in the new IA system, (2) individuals in

TABLE  I

RETIREMENT RATE BY AGE GROUP AND SOCIAL SECURITY SYSTEM, 1998

Retirement Rate (%)
Age Group

IA System PAYG System

45–49 0.6 7.1
50–54 2.6 10.9
55–59 5.8 21.2
60–64 17.5 35.4

Source: 1998 CASEN survey from Chile. This survey aims to de-
scribe the socioeconomic characteristics of the Chilean population.
It can be obtained from the Chile government.
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the armed forces were required to remain in the old PAYG system, and (3) self-
employed individuals could choose between enrolling in the IA system or remain-
ing not enrolled in any system at all. We will use the affiliation to those groups as a
source of exogenous variation. We find strong evidence that the covariance be-
tween the instrumental variable and the labor supply seems to be equal to zero and
thus the instruments seem to be valid.

Using the instrumental variable approach, the analysis indicates that an increase
of 1% in social security benefits increases the probability of retirement around 0.6%.
A second component that affects retirement and labor supply decisions in the IA
system is the variance of the benefits. An increase in the variance of return in the IA
system decreases retirement. This last effect argues for a precautionary motive as a
determinant of retirement timing.

This paper is organized in the following way. Section II discusses the Chilean
historical background and both social security systems. Section III presents a theo-
retical lifecycle model related to social security system, which focuses on the case
of random return of social security investments, resembling the privatized Chilean
system. Section IV discusses how to test the theoretical predictions and Section V
presents the data used in the empirical part of the paper. Section VI discusses the
results and Section VII concludes.

II. CHILEAN SOCIAL SECURITY SYSTEM

A. Historical Background

Chile introduced its first obligatory social security system in 1925. The system
was initially implemented as a mixture between a typical non-funded system and a
collective capitalization system. Taxes on workers were used to pay the pensions of
retired individuals and any excess funds were accumulated as a reserve for future
expenditures.

Initially, funds from the reserve allowed the government to pay part of the ben-
efits but, as the number of retired individuals rose, the funds from the reserve con-
tinuously decreased and the system became a fully non-funded PAYG system. The
system faced large growth in the number of retired individuals, 209% between 1961
and 1973, while there was only a 53.5% increase in the number of workers during
the same period. The government reacted by continuously raising the tax rate over
time. After 1973, however, the large increase in the tax rate was not enough to
finance the system due to the unfavorable situation of the economy; the period 1973
to 1980 was characterized by a decline in the real wage rate and an increase in
unemployment. Those two factors, plus the possible growth of evasion, reduced the
revenues of the social security system to levels below those of 1972. As a conse-
quence, in 1981, the Chilean government decided to reform the system and imple-
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TABLE  II

CHILEAN ECONOMIC PERFORMANCE, SELECTED VARIABLES, 1970–97

GDP Total Value of Financial Inter- Private Social Security
Growth Rate Equity As mediation Ratio Savings As Savings As

(%) % of GDP As % of GDP % of GDP % of GDP

1970 2.06 1.09 10.13 0.0
1971 8.96 0.96 12.42 0.0
1972 −1.21 0.67 7.18 0.0
1973 −5.57 2.70 9.84 0.0
1974 0.97 2.25 10.54 6.3 0.0
1975 −12.91 3.44 15.72 −7.2 0.0

1976 3.52 4.30 10.54 −1.4 0.0
1977 9.86 12.63 19.05 −0.1 0.0
1978 8.22 14.01 29.46 1.7 0.0
1979 8.28 20.84 38.11 4.8 0.0
1980 7.94 29.99 50.56 4.6 0.0

1981 6.21 19.33 45.50 9.1 1.4
1982 −13.59 21.75 50.47 7.3 2.8
1983 −2.80 12.92 44.76 8.2 3.4
1984 5.89 11.82 46.43 8.7 4.2
1985 1.97 12.53 49.54 10.1 5.1

1986 5.60 22.70 60.62 12.5 4.4
1987 6.58 26.18 67.20 17.6 5.1
1988 7.29 30.36 75.56 14.2 4.5
1989 10.60 36.62 81.92 17.7 7.0
1990 3.67 45.23 94.89 18.5 9.5

1991 7.97 81.07 131.79 16.7 8.2
1992 12.28 68.79 117.50 15.8 7.7
1993 7.00 97.21 145.86 15.6 8.8
1994 7.88 117.60 165.55 15.9 8.4
1995 8.40 109.03 156.42 16.9 5.1

1996 7.40 89.58 139.61
1997 6.61 89.47 141.75

Source: Diaz, Luders, and Wagner (forthcoming).
Note: The financial intermediation ratio is defined as the sum of bank deposits, equities, pub-
lic debt, and mortgage liabilities.
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ment a fully funded social security system through individual accounts managed by
private institutions.

The timing of the social security reform coincides with important changes in
Chile’s economic performance. During the last 30 years of the twentieth century,
Chile undertook a considerable number of economic reforms, among which we
find social security reform, but also trade and corporate taxation reform plus
privatization of public firms. Table II shows the evolution of selected macroeco-
nomic variables from 1970 to 1997. As can be seen in the table, this mixture of pro-
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market reforms seems to have provided an impulse to the Chilean economy that
evolved from modest GDP growth rates to an average of 7% in the 1990s. Further,
from the table, we may conclude that private savings experienced a significant in-
crease in this period, from negative figures in the 1970s to levels reaching almost
17% by the mid-1990s. Several hypotheses have been suggested to explain this
phenomenon (see Hachette 1997), among which we find the emergence of the IA
social security system.

There are other possible consequences of the implementation of the fully funded
social security system. Literature (see Schmidt-Hebbel 1998) suggests that the large
availability of this new source of financial funds available through the IA system
may have helped the development of capital markets. Table II, in fact, shows a
considerable increase in the financial intermediation ratio (measured as the sum of
bank deposits, equities, public debt, and mortgage liabilities) and in the value of
equity traded in the Chilean economy since the social security reform. Both data
more than doubled since the mid-1970s, suggesting a potentially large impact of
the fully funded system.

There is a final interesting characteristic in the Chilean data: the evolution of
labor force participation. Since 1950, the social security tax revenue rises from 7%
of GDP to almost 15% in 1980. During the same period, the male labor force par-
ticipation decreased from 26% in 1950 to a minimum of 23% in 1971 and reached

Source: Diaz, Luders, and Wagner (forthcoming).

Fig. 2. Evolution of Labor Force Participation in Chile (% of Population)
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24.5% in 1980. However, labor force participation rose considerably after 1981
reaching larger levels than in 1950, as can be seen in Figure 2.

Thus, there are several interesting economic phenomena that might have occurred
in response to the implementation of the IA social security system. Literature has
focused on private savings and the development of the financial sector but not on
labor force participation changes. To fill in this gap, this paper will focus on provid-
ing a potential explanation for labor force participation changes, by indicating that
the labor force might have been endogenous to the social security system.

B. The Coexistence of the PAYG and the IA Systems

The new system has been obligatory for individuals entering the labor force since
1981. However, individuals working in 1981 had the choice between remaining in
the old PAYG system or switching to the new IA system. Individuals could switch
at any time after 1981, but they could switch just once between systems. Thus, if an
individual enrolled in the PAYG system in 1981 chose to switch to the IA system,
they could not go back to the old one.1 Almost 75% of individuals enrolled in the
PAYG system in 1981 switched to the new system immediately when the law was
enacted.

In this subsection, we focus on explaining the differences between systems that
might have influenced the switching decision among individuals. To do so, we first
explain how contributions and pensions are determined in both systems.

1. Contributions
In both systems, individuals contribute a percentage of their labor income to the

social security system. However, the payroll tax rate varies considerably between
systems. Further, within the PAYG system there is also variance in the payroll tax
rate contributed by affiliates.

Individuals enrolled in the PAYG system might have been affiliated with any of
four main institutions: the social security administration (SSA), the private worker
pension administration (PRWPA), the public worker pension administration
(PUWPA), and the armed forces pension administration (AAFFPA).2 Some other
institutions existed, but their size was smaller than those cited above. The SSA
manages the pension funds of unskilled workers of the nonpublic sector. Individu-
als that remained affiliated to the SSA currently contribute 19.1% of their labor
income as social security tax. The PRWPA includes skilled workers of the nonpublic
sector and taxes their members at 20.15%. The PUWPA includes the majority of
public sector workers and it taxes their members at 19.03%. Finally, the AAFFPA
includes as contributors all individuals working in the armed forces. They are taxed

1 An individual can only switch from the PAYG system to the IA.
2 There was also a pension administration for the police department.
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at 20%. Those taxes were quite large compared to the tax rate faced by an indi-
vidual enrolled in the new IA system. In fact, individuals in the IA system contrib-
ute only 10% of their income as social security tax. None of those tax rates have
been changed since 1981.

This tax differential and the subsequent increase in disposable income for indi-
viduals switching to the new system may have been very influential on the overall
switching from the old to the new system.

2. Pensions
Pensions in the PAYG system are set as a fraction of the average labor income

obtained during the last five years of work before retirement. Also, there are addi-
tional benefits for some identifiable groups of workers in the PAYG system. If the
worker is a widow, she obtains an increase of two years of wage income as base for
calculation of pensions, when she is enrolled in the SSA or the PRWPA. Maternity
has a similar impact: one year of labor income is added to the calculation base per
child. Hard laborers have 10 years of debits in their accounts if they were enrolled
in the SSA and worked in the mining sector, but five years of debits if they were
enrolled in the SSA and worked in some other sector. Finally, workers on night
shifts got five years of subsidy if they were enrolled in the private worker pension
administration. Those subsidies were lost if the worker switched to the new pension
system.

Pensions across institutions of the PAYG system differ considerably. In fact, when
we compare the level of pensions of the four main institutions of the PAYG system,
we find that in 1980 (the year before the reform) the average pension receiver of the
SSA obtained 46% of the average Chilean pension, while individuals enrolled in
the PRWPA obtained 77% of the average and individuals enrolled in the PUWPA
received 148% of the average. In the case of the armed forces pension administra-
tion, the benefit was 350% of the average Chilean pension (see Arellano 1984).
There might be some self-selection in those data since some workers enrolled in the
social security administration are unskilled and thus, the difference in pension may
be explained, at least in part, by differences in labor income. However, there is also
some exogeneity on those benefits. Public workers are not very different from pri-
vate workers and also the armed forces do not have larger wage incomes than the
rest of the economy in general; however, their pensions are considerably larger than
the average pension in the PAYG system.

In the IA system, pensions are determined by the amount of money a worker
accumulates during her working years. Neither the worker nor the employer pays a
social security tax to the state. During their working life, each worker automatically
has 10% of their wages deposited by their employer each month in their own indi-
vidual account. These funds are managed by private corporations denominated as
“AFP.” These corporations invest the contributions in the financial market and pay
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the benefits upon retirement. Individuals, on the other hand, pay commissions for
the administration of the fund. Individuals may choose the AFP they enroll in and
they can switch among AFPs as they wish. However, individuals cannot distribute
their contribution among AFPs.

One of the characteristics of the private system has been the large and highly
variable rate of return of the AFPs’ investment. Since the implementation of the
system in mid-1981 until the end of 2000, the average rate of return was 11.1%
with a standard deviation equal to 9.49%. Figure 3 shows the evolution of the return
during the period 1981–2000. The standard deviation of the rate of return among
different AFPs is quite small, ranging from 0.2% in 1996 to 3.1% in 1981, when the
system was first implemented (see Bustamante et al. 1996). Thus, the average rate
of return and its evolution represents quite well the evolution of any IA in the pri-
vate system.

Finally, there were individuals that contributed to the PAYG system and switched
to the new system. The way the government handled the contributions already paid
to the old system in those cases is to pay a 4% annual real return on contributions to
the PAYG system and transfer these funds to the AFPs.

In summary, there currently coexist two social security systems in Chile. In the
PAYG system, individuals obtain pensions determined by characteristics established
by regulations which depend on past contributions plus adjustments by sex and
type of work. In the IA system, affiliates obtain returns from their past contribu-
tions. Those returns might be highly volatile as they depend on the rate of return
from financial investments.

Fig. 3. AFP Return, 1981–2000

Source: Bustamante, Mouchard, and Schulthess (1996).
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3. Switching to the new system
The advantage of switching to the new system in 1981 was age dependent. The

rationality for this age dependency on the switching decision may be explained by
the way pension benefits were determined in both systems. Pensions in the PAYG
system were mainly determined by wage income during the last five years of work.
Hence, workers had a strong incentive to obtain higher wages during the last part of
their working life. In the new system, as the individual has a private account that
debits interests over time, they face an incentive to work and accumulate pension
funds over all the whole working life. In that scenario, older individuals that did not
work hard enough during their working life before 1981 did not have an incentive
to switch as the pension they would receive upon retirement would have been lower
than the one they would obtain in the PAYG system. On the other hand, a fairly
young individual at the time of the social security reform was not negatively influ-
enced, as they did not yet have a working life strategy. In fact, only 8% of enrolled
workers aged 63 at the time of the reform switched to the new system while almost
100% of the enrolled workers aged 28 or younger switched to the new system.
Figure 4 shows the fraction of enrollees that switched to the new system when the
law was implemented as a function of their age.

III. A SIMPLE LIFECYCLE MODEL UNDER UNCERTAINTY

This section will provide a lifecycle model for the social security systems where the
retirement date is a chosen variable. Two cases will be considered. First, social

Fig. 4. Fraction of People Switching to the IA System in 1981 (By Age)

Source: Bustamante, Mouchard, and Schulthess (1996).
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security benefits will depend on returns from a risky investment and second, social
security benefits will have no uncertainty. We consider both cases because in the
Chilean IA social security system, the contributions are invested on a portfolio of
assets with a random return, while pensions in the PAYG system do not present this
volatility. Hence, the model below with random return will be associated with the
IA system while the case with no uncertainty will be associated with the PAYG
system.

Consider first the case with random returns. A basic description of the economy
is as follows. The economy has three characteristics. First, the economy has a rep-
resentative individual that lives between age t = 0 and t = T. They face a working
and a retirement period. A social security system is imposed to assure income flows
during retirement. Some specialized firms that might be private or public institu-
tions manage those contributions. Second, the economy has two types of assets in
the capital market, risk-free assets with return r and risky assets with return z. The
return of the latter asset is normally distributed with mean µ and variance σ2, where
µ > r. The individual can borrow or lend at rate r on the capital market; however,
only the institution managing the social security contributions can purchase the
second asset. Third, there is an insurance market where the representative indi-
vidual can be fully insured.

The individual works during the first R period of their life and retires for the next
T − R periods. To maximize their lifetime welfare function, they choose consump-
tion, hours of labor supplied to the labor market, and their retirement date. Hours
supplied to the labor market are restricted by a time limit: there is available one unit
of time as endowment. Also the individual faces a social security system that works
as follows. It taxes the individual’s labor income at period t at rate τt and invests
those taxes in the risky asset. When the individual retires, the uncertainty on the
asset return is resolved. The return of the social security system becomes a retire-
ment fund that is invested at the risk-free interest rate in the capital market. Periodi-
cally, between R and T, an amount Φ is debited from the retirement fund and paid to
the individual. The amount Φ will be an increasing function of the return z, Φ =
Φ(z), Φz > 0. At the end of period T, the fund reaches a zero value. Hence, the
individual uses all her retirement account.

The current utility level is separable over time and it will be defined by additive
constant relative risk aversion functions on consumption and hours worked. The

specification will be assumed to be u(c, h) =  − m  , where c(t, zt)

and h(t, zt) are current consumption and hours worked. Notice that φ > 0, θ < 0 due
to the concavity of the function and m is a parameter of the utility function measur-
ing disutility of work. Also the notation (t, zt) indicates that the decision variables
depend on time and on the realization of z. When t < R, the return is not yet realized
and the framework does not have uncertainty; therefore, the set of realization for z

c(t, zt)1+φ

1 + φ
h(t, zt)1+θ

1 + θ
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could be represented by a degenerated function while when t > R, the support of z is
non-degenerated. Finally, it is assumed that the individual discounts the future at
the rate ρ > 0. Thus, the welfare function of the representative individual is

E[
R

∫
0
( − m )e−ρtdt +

T

∫
R
( )e−ρtdt] since after retirement, the

individual does not provide labor supply.
The earnings profile the individual faces is as follows. Between age t = 0 and age

t = R, the individual works and obtains some labor income determined by the after-
tax wage rate wt(1 − τ t) and time supplied to the labor market. They also obtain
returns from any investment made on the capital market at the risk-free rate of
return. Between age t = R and t = T, the individuals receives Φ(z) as social security
benefit plus the assets returns. Let A(t, zt) be the level of asset held by the individual
at period t and let the initial level of assets A0 be equal to zero for simplicity. The
level of assets at the end of each period is determined as the part of total income not
consumed. The problem of the individual is to choose their consumption, labor
supply, and retirement date given the evolution of assets and the feasibility con-
straint that the retirement date must be less than T. Hence the problem faced by the
individual is:

max = E[
R

∫
0
( − m )e−ρtdt +

T

∫
R
( )e−ρtdt], (1)

s.t.

A( •t, zt) = rA(t, zt) + wt(1 − τ t)[1 − h(t, zt)] − c(t, zt), ∀t ≤ R,
A( •t, zt) = rA(t, zt) + Φ(z) − c(t, zt), ∀t > R,
R ≤ T,

where the dots indicate time-differentiation. In this economy, we have the possibil-
ity of full insurance. Hence, the set of equations relating to the evolution of assets
over time can be written on the following single budget constraint:

T

∫
0
E[c(t, zt)]e−rtdt =

R

∫
0
wt(1 − τt)E[h(t, zt)]e−rtdt +

T

∫
R
E[Φ(z)]e−rtdt. (2)

Let λ be the Lagrange multiplier of budget constraint. When the discount factor
equals the risk free interest rate (ρ = r), the first order conditions are:

c(t, zt) = λ1/φ, ∀t, (3)

h(t, zt) = [ ]1/φ
, ∀t, (4)

wR(1 − τR)E[h(R, zR)] = wR(1 − τR)h(R, zR) ≥ E[Φ(z)]. (5)

Equations (3) and (4) follow from the first order condition of consumption and
labor supply, respectively. Notice that the right hand side of each of those equations

c(t, zt)1+φ

1 + φ
h(t, zt)1+θ

1 + θ
c(t, zt)1+φ

1 + φ

λwt(1 − τt)
m

c(t, zt)1+φ

1 + φ
h(t, zt)1+θ

1 + θ
c(t, zt)1+φ

1 + φ

{c, h}t=0,...,T, R
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does not depend on the random return. In fact, the right hand side of equation (3) is
a constant, while the right hand side of equation (4), conditional on time, does not
depend on the random return either. Equation (5) determines the retirement date.
This equation indicates that when the expected value of social security benefits is as
large as labor income, the individual is able to retire.3 When the inequality slacks,
the individual is unable to retire and works until t = T. The result for retirement is
not surprising. In fact, the individual has a concave utility function on consumption
and they would like to smooth consumption over time. Hence, large changes in
income due to retirement are not desired, as they would produce large fluctuations
in consumption.

An interesting property with respect to retirement date relates to the distribution
function of the random asset. As the distribution function is normally distributed,
we can write the expected value of benefits as E[Φ(z)] = Ψ(µ, σ2), where ψµ > 0
and ψσ 2 < 0. In fact, the normal distribution function is completely characterized
by its mean and variance and the expected value must be an increasing function of
the mean while a decreasing function of the variance (see Varian 1992). Hence, the
optimal condition that determines the retirement date can be written as:

wR(1 − τR)h(R, zR) ≥ Ψ(µ, σ2). (5′)

Suppose the condition holds with equality, indicating an interior solution for R.
An increase in µ must be related with lower labor supply and possibly with earlier
retirement. In fact, the right hand side increases and the left hand side must adjust
through labor supply and retirement date, as taxes and wages are exogenous to the
individual problem. In the same way, an increase in the variance of the return must
be associated with later retirement date by the same argument. The intuition for this
result follows from the normality of leisure and the shape of the utility functions.
When the mean of expected social security benefits increases, holding the variance
constant, the individual is able to afford more leisure while when the variance in-
creases, holding the mean constant, individuals prefer to accumulate more assets as
a precaution for negative shocks on the social security rate of return.

We will discuss now the effect over the intensive margin labor supply decision,
e.g., the number of hours supplied to the labor market. To characterize labor supply,
it is useful to solve for the shadow price of wealth, λ. Using equations (3) and (4)
plus the budget constraint, equation (2), we see that λ = λ(w*, Φ*),

where, w* = , Φ* = , and λw*, λΦ* < 0.

R

∫
0
[wt(1 − τt)]1+1/θe−rtdt

m1/θ
T

∫
0
e−rtdt

T

∫
R
E[Φ(z)]e−rtdt

T

∫
0
e−rtdt

3 Notice that the first equality follows from equation (4), as the random return does not matter under
full insurance.
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This expression is quite intuitive. In fact, w* and Φ* are just nonlinear weighted
average of labor income flows and expected social security benefits. Hence, the
marginal utility of wealth (λ) is a decreasing function of those weighted average
types of wealth. Basically, larger wealth is related with smaller marginal utility of
wealth as in any lifecycle model.

Given this information, plus equations (4) and (5′), labor supply now can be
easily determined. In fact labor supply will be given by:

ln[h(t, zt)] = − ln(m) + ln[λ(w*, µ,  σ2)] + ln[wt(1 − τ t)]. (6)

As above, notice that the right hand side does not depend on the realized state of
the risky assets; hence, the labor supply does not depend on it. This equation re-
sembles the usual specification used in much literature (MaCurdy 1981). In fact, an
increase in current after-tax wage rate, holding constant the shadow price, increases
labor supply as this is a pure substitution effect while an increase in the shadow
price, holding constant the after-tax wage rate, is a pure income effect and hence it
decreases labor supply. The main difference with the literature is that the equation
also shows that the properties of the distribution of the risky assets matters. In fact,
a larger mean on the rate of return of the risky asset is associated with lower labor
supply while larger variance of the return is associated with larger labor supply, on
the intensive margin. The intuition is basically the same argument as in the case of
retirement.

In summary, as it can be seen in equations (5′) and (6), a social security system
that invests its funds in a risky asset may have important effects on retirement and
labor supply due to the properties of the distribution of the risky assets. Larger
returns on the risky assets are associated with income effects that produce earlier
retirement and lower labor supplied to the labor market. However, larger variances
of the risky assets are associated with later retirement and larger labor supplied to
the labor market due to the precautionary motive.

Finally, it is easy to extend the model to a case where social security funds are
not invested in risky assets. In that case, equations (5) and (6) become:

wR(1 − τR)h(R) ≥ ΦR, (5″)

ln(ht) = − ln(m) + ln[λ(w*, Φ*)] + ln[wt(1 − τt)], (6′)

where Φ* = and ΦR is the social security benefit at R. Clearly in this

case, only the increase in mean benefits matters, as there is no variance. The effect

T

∫
R
Φte−rtdt

T

∫
0
e−rtdt

1
θ

1
θ

1
θ

1
θ

1
θ

1
θ
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has the same sign, meaning that an increase in social security benefits is associated
with earlier retirement and lower labor supply due to income effects.

This section emphasizes the second moment of the distribution of assets as a
determinant of retirement and labor supply. This property holds due to the fact that
we are using a normal distribution that is completely characterized by its two first
moment conditions.

IV. THE EMPIRICAL STRATEGY

The empirical evidence focuses on the set of Chilean individuals aged 54 to 64
years old in 1998 enrolled in any social security system. We first estimate the prob-
ability of retirement using a switching regression model. We use a switching re-
gression model because individuals may choose between two different statuses,
enrollment in the IA social security system and enrollment in a PAYG system. Next,
we estimate the labor supply function by correcting the self-selection decision of
entering into the labor force, as in Heckman (1974). Those procedures are explained
next.

A. The Retirement Decision

The estimation of the retirement decision function focuses on equations (5′) and
(5″). Since the PAYG social security system presents less risk than the IA social
security system, we relate equation (5″) to the PAYG social security system while
we relate equation (5′) to the IA system. The difference is that retirement depends
on the variance of the social security return in the case of the IA system while it
does not in the PAYG system. This seems to be a fair assumption because, as ex-
plained in Section II, pensions in the PAYG social security system depend on a set
of exogenous rules while they depend on volatile returns in the IA system.

The estimation will be based on a switching regression model as individuals
could be enrolled in the PAYG or the IA system. The general specification of the
econometric model will be as follows:

I 1
* = l(PAYG) = l(Z1γ1 > ε1), (7)

DRPG = β0
PGSSW + Xα + u, if I 1

* = l, (8)

DRPS = β0
PSSSW + β1

PSVar(SSW) + Xα + u, if I 1
* = 0, (9)

where 1 (•) is an indicator function equal to one if the enclosed statement is true and
zero otherwise while Z1 are variables determining enrollment in the PAYG social
security system. The error term ε1 is an unobservable component that affects the
decision process. The variable DR is an indicator function equal to one if the indi-
vidual declares himself/herself as retired in the survey and zero otherwise. The
variable SSW and Var(SSW) are the level and the variance of the return of the



250 THE DEVELOPING ECONOMIES

individual’s portfolio in the IA system. The superscript PG and PS indicate PAYG
and IA systems, respectively. Theory implies that β0

PG, β0
PS ≥ 0 and β1

PS ≤ 0. The
matrix X contains all other observable variables that may influence retirement, in-
cluding demographic variables. Further, equation (5) or any of its alternative speci-
fications indicate that current wage may be an important determinant of the retire-
ment decision. Given that wages are not earned by everyone, additional variables
such as education, age, and age squared are included to specify the behavior of
underlying wage rates. Finally, u is a well-behaved error term.

The specification indicated by equations (7)–(9) can be combined in the follow-
ing way:

DR = DRPS(1 − I 1
*) + DRPG(I 1

*), or (10)

DR = Xα + β0
PS(SSW) + (β0

PG − β0
PS)(I1

*SSW)
+ β1

PS[(1 − I1
*)Var(SSW)] + u, (11)

where I1
*SSW is a variable that includes the level of social security benefits if the

individual is enrolled in the PAYG system and zero otherwise and (1 − I1
*)Var (SSW)

is a variable that includes the variance of the level of benefits if the individual is
enrolled in the IA system and zero otherwise. Variables DR and SSW represent the
retirement indicator function and the present value of benefits in any social security
system, respectively. Notice that the effect of an increase in IA social security wealth
over retirement, holding constant the variance, is given by the coefficient on SSW
while the effect of an increase in PAYG social security wealth is given by the sum
of coefficients of SSW and I1

*SSW. Finally, the effect of an increase in variance of
social security benefits in the IA system is given by the coefficient of (1 − I1

*)Var
(SSW).

To obtain consistent estimates, we require covariance between the right hand
side variables and the error term being zero and thus, Cov(SSW, u) = Cov(I1

*SSW, u)
= Cov[(1 − I1

*)Var(SSW), u] = 0. However, those conditions may possibly not hold,
as individuals may choose between social security systems based on unobservable
variables to the econometrician. Hence, direct estimation of equation (11) by least
square might be biased.

To avoid the inconsistency problem, we use three exogenous instruments. This
number of exogenous instrumental variables is sufficient to identify the param-
eters, as the number of variables presenting the self-selection problem is three—
SSW, I1

*SSW, and (1 − I1
*)Var(SSW). The first instrument will be an indicator func-

tion equal to one if the person is not self-employed and zero otherwise. We use this
instrument because self-employed workers are allowed by the 1981 law to remain
unenrolled in any social security system if they wish, but if they decide to enroll
they must enroll in the IA system. Thus, this instrument measures obligatory en-
rollment in the social security system by excluding individuals that could remain
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not enrolled. The second instrumental variable is the set of individuals enrolled in
the armed forces. The instrument will be a dummy variable equal to one if the
individual works in the armed forces and zero otherwise. In fact, this set of indi-
viduals was required to remain enrolled in the PAYG system by the 1981 law and
hence could not choose between systems. Finally, the third instrument is an indica-
tor function equal to one if the individual was aged 43 years or less in 1981 and zero
otherwise. We use this instrument because as explained in subsection II.B.3, the
overall switching to the new system in 1981 was age dependant—older individuals
were less likely to switch to the new system. An individual aged 43 years old in
1981 was aged 60 years old in 1998, the year the survey was carried out. Hence, the
threshold represents the median age of the individuals in our sample, 54 to 64 years
old.

The three instrumental variables are correlated with SSW, I 1
*SSW, and (1 −

I1
*)Var(SSW), as they determine system selection. In addition, the instruments are

exogenous since they depend on regulations of the 1981 law reform. Hence, those
instruments should be uncorrelated with the error term of equation (11), as those
individuals cannot react to the social security system as a response to unobservable
variables. Some evidence of this fact is shown below.

B. The Labor Supply Decision

The second step on the labor supply estimation deals with the number of hours
supplied to the labor market. In this estimation, we run first a probit model on labor
force participation decisions. The probit resembles equation (11) but in this case,
the set of individuals out of the labor force includes retired individuals, students,
parents taking care of their children, etc. Hence, this group obviously has a larger
size than the set of retired individuals. Using the probit estimates, we form a control
function as in Heckman (1974), which we use in a second step in the estimation of
the labor supply function. Finally, there is an additional problem: there could be
endogenous selection between social security systems, as described in subsection
IV.A.

To clarify the procedure, the main econometric system will be now described:

I1
* = l(PAYG) = l(Z1γ1 > ε1), (7)

ln(hPG) = α0
PGSSW + ~X~α + ψ( ^ci) + e, if I1

* = l, (12)

ln(hPS) = α0
PSSSW + α1

PSVar(SSW) + ~X~α + ψ( ^ci) + e, if  I1
* = 0, (13)

where h indicates hours supplied to the labor market and ψ( ^ci) is the fitted control
function obtained from the estimation of the first step, i.e., the probit estimation.
Equations (12) and (13) are the empirical counterpart of equations (6) and (6′) after
controlling the selection decision of being in the labor force. Matrix X contains
variables related to individual and job characteristics, plus after-tax labor income.
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The set of equations can be combined in the following single equation:

ln(h) = α0
PSSSW + (α0

PG − α0
PS)(I1

*SSW) + α1
PS[(1 − I1

*)Var(SSW)]
+ ~X~α + λ(− ^ci) + e. (14)

As seen in equation (11), the effect of an increase in IA social security wealth
over labor supply, holding constant the variance, is given by the coefficient on SSW,
while the effect of an increase in PAYG social security wealth is given by the sum
of coefficients of SSW and I1

*SSW. The effect of an increase on the variance of social
security benefits in the IA system is given by the coefficient of (1 − I1

*)Var(SSW).
The equation will also be estimated using instrumental variables due to the same
argument stated above. The same set of instruments will be used.

V. THE DATA

This paper uses the 1998 Chilean survey of socioeconomic characteristics (CASEN)
produced by the Chilean government during November and December of 1998.
The survey was based on a random sample of 48,107 households4 with a probabilis-
tic error of 0.45%. There are 188,360 individuals in the sample. The survey in-
cludes information on schooling, health, housing, income, and employment plus
demographic characteristics. We will describe next how we compute the main vari-
ables of the system, i.e., information concerning hours supplied to the labor market
(if any), value of social security benefits, and the variance of the social security
benefits in the IA system.

The employment section of the dataset provides information about labor status.
The first question asks if the individual worked during the week before the survey
was conducted. If the individual’s answer was no, subsequent questions ask if they
were absent temporarily from the job and if they had worked anytime during their
lifetime. In that case, if the individual was not working and was not looking for a
job, the survey asks about the reason why they were not searching for a job. Pos-
sible answers are sickness, taking care of children, student, not currently interested,
or retired, among others. This question allows us to define an indicator function
equal to one if the individual answers to be retired and zero otherwise. The inten-
sive measure of labor supply, i.e., working hours the week before the survey was
conducted, is directly measured by question 11 of the employment section.

The employment section of the survey also provides information about the social
security system the individual is enrolled in.5 The data show that among individuals
aged 18 and older in 1981 (when social security was reformed), 41% are not affiliated

4 The sample consists of 33,714 urban and 14,393 rural households.
5 As social security taxes are paid as a fraction of labor income, the information of social security

affiliation is directly linked to employment.
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with any social security system, while 22% are enrolled in the PAYG system and
37% in the IA system. Those non-enrolled individuals are out of the labor force or
self-employed workers.

We construct a variable containing the present value of the social security ben-
efits (SSW) if the individuals were enrolled in the IA or the PAYG system as fol-
lows.

To estimate the present value of benefits of the PAYG system, we use data on
retirement income (pensions) of retired individuals in the PAYG system. Similar to
a Mincer equation, we estimate a reduced form equation, in which we run pensions
as a function of age, age squared, schooling, and demographic variables—this is a
way of capturing the effect of the exogenous regulations on pensions setting. Next,
we use this equation to simulate the path of pensions on the PAYG system for all
the individuals enrolled in the PAYG social security system—information known
from the survey. To do so, we vary age, from 60 to 80 in the case of women and 65
to 80 in the case of men, to obtain the lifecycle retirement income profile for each
individual in the PAYG system.6 Finally, we construct the present value of benefits
(measured at age 20) by discounting this income profile flow using a 5% interest
rate.

To compute the level of the benefits in the IA system, we follow a different ap-
proach. Rather than estimating income profile upon retirement, we estimate labor
income profile using the information on labor income available on individuals en-
rolled in the IA system. This information allows us to construct the present value of
contribution, which is used to compute the present value of expected benefits in the
IA system using the average rate of return of the private system. The way we pro-
ceed is as follows. We compute a Mincer-type equation for labor income as a func-
tion of age, age squared, and schooling (plus demographic variables). Using this
equation and varying age from 20 to 65 in the case of men and 20 to 60 in the case
of women, we obtain the estimated lifecycle income profile for each individual
enrolled in the IA system. Since social security payroll tax rate has not varied since
the 1981 reform, we compute contribution to the IA per year using the tax rate on
the private system and the estimated lifecycle income profile. Using a 5% per year
discount factor, we compute the present value of tax contribution. Finally, the ex-
pected present value of benefits can be computed using the average rental rate of
the system.

There are also individuals that could have been enrolled in the PAYG system and
switched to the IA system later. In this case, rather than using the rental rate of the
funds, we construct as rental rate of return for contributions a weighted average
between rate of return of the funds in the IA system and the 4% return paid by the

6 Women should retire at 60 years and men at 65 years old by law. However, they could anticipate
earlier retirement if they have a large amount of contributions in their retirement funds. See the
1981 law. Also, life expectancy was around 80 years old in 1998.
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government for contributions realized in the PAYG system. The weights are de-
fined as the fraction of time spent in each of the systems. For instance, if the indi-
vidual is a woman and she spent 10 years of her life in the PAYG system, we define
the weight for the rental rate paid by the government as 10/(60 − 20), where 60 is
set as a prior retirement date and 20 is set as a prior entering date into the labor
force. However, from the information of the survey, we do not know the moment
the individual switched to the IA system. However, we know that the only set of
possible individuals in this situation is the set of individuals in the labor force in
1981—individuals entering into the labor force after 1981 are not allowed to enroll
in the PAYG system. Since almost 85% of individuals enrolled in PAYG system in
1981 switched to the IA system in 1981, we assume that any switching between
systems was done in 1981. This assumption allows us to construct the average rental
rate in this case.

TABLE  III

SUMMARY STATISTICS

Variable Number of Mean Standard Min. Max.Observations Deviation

1 (retired) 7,313 0.2056 0.4042 0 1
Hours worked 4,059 53.70 77.72 0 96
1 (married) 7,313 0.7168 0.4505 0 1
1 (widow) 7,313 0.1204 0.3255 0 1
Household size** 7,313 1.216 0.549 0 2.70

Social security benefits** 7,313 11.90 1.25 0 14.12
IA benefits** 3,253 12.44 0.66 10.75 14.12
Variance of benefits** 3,282 18.51 2.21 0 22.36
1 (govt. subsidy) 7,313 0.197 0.398 0 1
1 (female) 7,313 0.376 0.484 0 1

Education 7,254 8.16 4.23 0 19
1 (broken marriage) 7,313 0.067 0.251 0 1
1 (permanent work) 7,313 0.434 0.495 0 1
1 (temporary work) 7,313 0.088 0.284 0 1
1 (self-employed worker) 7,313 0.158 0.365 0 1

1 (armed forces worker) 7,313 0.001 0.03 0 1
1 (employee) 7,313 0.333 0.471 0 1
1 (family member 7,313 0.004 0.066 0 1

working in family
business)

Age in 1981 7,313 43.47 2.96 39 48
Labor income wealth (w*)** 7,254 15.70 1.23 12.89 18.59

Source: See Table I.
Note: 1 (•) is an indicator function equal to one if the enclosed statement is true and zero
otherwise. Also, “govt. subsidy” indicates a government subsidy to buy a house and ** indi-
cates that the variables are in natural log.
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To compute the variance of the benefits in the IA system, we calculate a standard
deviation for the individuals’ portfolios as follows. We know the average standard
deviation of the investment in the IA system and we also know that if an individual
contributes part of their life to the PAYG system and then switches to the IA sys-
tem, the contributions to the old system will pay a 4% return with complete cer-
tainty. Hence, as described above, the standard deviation of the individual portfolio
is set as a weighted average between the average standard deviation of the IA sys-
tem and the zero-standard deviation of the PAYG system. Then, we use the present
value of the contribution and the individual portfolio standard deviation to calcu-
late the variance of the benefits in the IA system.

Finally, we must compute w* to include it in the estimation of equation (14). This
is a measure of the present value of labor income. To compute it, we use the esti-
mated lifecycle income labor profile and we discount it at a 5% interest rate (we
measure it at age 20). Table III provides summary statistics of these variables.

VI. RESULTS

A. Instrumental Variables

In this section, we first provide evidence concerning the appropriateness of the
instrumental variables and later present and discuss the empirical results.

If individuals do not select between social security systems, we would not re-
quire the instrumental variable estimators as individuals would be randomly allo-
cated between systems. However, there is some evidence indicating that this kind
of selection might exist. Table IV tests for mean equality of different characteristics
(demographic, labor income, subsidies, and geographic location) between social
security systems. The first two columns relate to individuals enrolled in the PAYG
system and the set of individuals enrolled in the IA system. The third column tests
the equality between both, for the different characteristics in the table. The means
reported in the columns corresponding to the PAYG system and the IA systems are
statistically different for different variables considered, as shown in the third col-
umn. Thus, people in the two systems have different characteristics and individual
selection between systems is highly probable.

We run a probit and a linear probability model between a dummy variable indi-
cating PAYG enrollment and a set of observable variables. We use the set of indi-
viduals aged 35 years and older in 1998. Those individuals were 18 years and older
in 1981 and could choose between social security programs. Both probability mod-
els are highly significant as is shown in Table V. This result indicates that people do
choose among observable variables; therefore, it is highly probable that they select
based on unobservable characteristics as well.

To solve our econometric problem, we require that the instrumental variables are
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uncorrelated with the error term, i.e., Cov(z, u) = 0 where z is our set of instrumen-
tal variables and u is the error term of equation (11) or equation (14). In fact, we
should expect this result to hold as, for instance, the individuals in our control group
in z were not allowed to choose between social security systems. It is not possible

TABLE  V

PROBABILITY ESTIMATIONS OF ENROLLMENT IN THE PAYG SYSTEM

Linear Probability Probit
Dependent Variable Dependent Variable

1 (PAYG) 1 (PAYG)

Log of labor income −0.007 −0.079
(−2.40) (−3.81)

1 (govt. housing subsidy) −0.005 −0.039
(−1.35) (−1.31)

Age −0.016 −0.015
(−15.8) (−2.21)

Age squared 0.0002 0.0006
(22.7) (9.09)

Years of education −0.004 −0.023
(−6.17) (−5.71)

1 (female) −0.003 −0.03
(−0.92) (−1.08)

1 (married) −0.012 −0.12
(−2.89) (−3.18)

1 (widowed) 0.054 0.13
(2.93) (1.73)

1 (broken household) −0.02 −0.15
(−2.34) (−2.55)

Log of household size −0.003 0.03
(−0.77) (1.09)

1 (permanent work) 0.22 1.52
(14.8) (9.22)

1 (temporary work) 0.23 1.60
(14.6) (9.58)

1 (part time work) 0.24 1.59
(12.2) (9.11)

1 (illness) 0.009 0.02
(1.94) (0.83)

1 (in hospital in last 3 months) 0.01 0.09
(3.27) (3.06)

Pseudo R2 0.3272 0.3513
Prob > χ2 or F 0.0000 0.0000
No. of observations 49,886 49,886

Note: 1 (•) is an indicator function, one if true and zero otherwise. The estimation is among
individuals 35 years and older. t-ratios are in parentheses. Job characteristics are omitted from
the table.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



258 THE DEVELOPING ECONOMIES

to determine the correlation between the unobservable variables and the instrumen-
tal variable, but even in that case, some useful tests may exist.

Note that a stronger condition will be zero covariance between the instrumental
variables and the independent variable itself, namely, hours supplied to the labor
market or retirement. The independent variable contains both observable and unob-
servable components and hence if there is no correlation between the independent
variable and the instrumental variables, we have a good indicator that Cov(z, u) = 0
holds. A second type of condition that may indicate that Cov(z, u) = 0 holds is to
check if the covariance between the instrumental variable and observable differ-
ences between households such as demographic variables, location, and income is
zero. If this last covariance is not largely significant, we can be confident that de-
mographic, location, or income shocks are not correlated with the instrumental
variables and hence we have another good indicator that Cov(z, u) = 0 holds.

Table IV shows those tests for individuals aged 54 to 64 years old, the main
group of analysis in this study. Columns (4)–(6) show the means and test its equal-
ity between individuals enrolled and not enrolled in the armed forces program while
columns (7)–(9) test for mean equality for individuals aged less than 44 years old in
1981 and individuals aged more than 44 years old in 1981. Finally, columns (10)–
(12) do the same analysis with self-employed and non–self-employed individuals.
The row related to hours worked shows that in fact hours worked are statistically
different between individuals enrolled in the PAYG and IA systems. However, hours
worked are not statistically different for any of the different groups involved in the
three instruments used. In fact, hours worked are statistically identical for armed
force and non–armed force workers, for individuals aged 44 or less and individuals
aged more than 44 years when the law passed, or for self-employed and non–self-
employed individuals. Hence, Cov(z, y) = 0 cannot be rejected.

Similarly, Table IV tests whether the instruments are correlated with other ob-
servable shocks. Table IV tests for mean equality in demographic, location, and
income variables (including subsidies). It is interesting to note that variables such
as location, income, and subsidies present, in general, statistically equal means
when the instrumental variables are used, but present statistically different means
when we compare a private system versus the PAYG system. Hence, demographic
characteristics, labor income shocks, subsidies shocks, and geographic shocks are
uncorrelated with our instrumental variables.

B. The Effects of the Social Security System on Retirement and Labor Supply

Retirement decisions are estimated by means of equation (11). As retirement is a
zero-one decision variable, we run a linear probability model and a probit model.
To characterize the sensitivity of the results, we introduce additional variables on X
and later we estimate the equation across individuals’ groups (defined by age and
income).
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On the baseline specification, see Table VI. Matrix X includes schooling and
demographic variables.7 It also includes location variables indicating region and
county of residency of the individual and government subsidies. The table includes
results concerning OLS and 2SLS probability models of retirement. The signs of
the parameters in the OLS case are different from the ones implied by theory. This
is an indicator that choice between systems might bias our estimators. The results
in the 2SLS case seem to correct the problem. They show that an increase of 1% in
the level of social security wealth in the PAYG system produces an increase of
0.2% on the retirement probability on the linear probability model and a 0.6% on
the probit model. The effect of the level of benefits in the IA system is a bit larger
than in the PAYG system as shown by both models. In fact a 1% increase in social
security wealth in the IA system should have a positive effect over retirement prob-
ability, ranging from 0.6% on the linear probability model to a 1.8% on the probit
model. The effects of a 1% increase in the variance of the benefits in the IA system
are associated with a 0.6% decrease in the probability of retirement in the linear
probability model and with almost a 1% decrease in the probability of retirement in
the probit model. Columns (4)–(6) and (7)–(9) of the table present the results when
matrix X additionally includes variables relating to health status and age. The re-
sults in both cases are similar. Table VII presents the results for different groups.
The results do not differ significantly in general.

In summary, estimating directly equation (11) seems to bias the estimators while
the instrumental variable approach is very consistent, as changing the specification
of the model and the groups used on the estimating sample does not significantly
modify our point estimates.

The effects of social security system over hours worked are shown in Table VIII.
Column (1) shows the results for the baseline case. This case includes as indepen-
dent variables the same variables included on the retirement decision plus the life-
time labor income, w*, the control function, the natural log of labor income, and
job characteristics.8 Column (2) shows the estimations among individuals on the
lowest 60th percentile of the income distribution while column (3) shows the esti-
mation for the richest 40th percentile. Finally, Columns (4) and (5) show the esti-
mations for individuals aged 54 to 60 years old and individuals aged 61 to 64 years
old.

Column (1) shows that larger lifetime labor income would depress current labor
supply. This is an income effect holding constant current wages. In addition, larger
social security wealth should depress labor supply on both systems and larger vari-
ance of benefits in the IA system should increase labor supply. Those results are in

7 Dummy variables for females, for married individuals, for widowed individuals, for broken house-
holds, and for the size of the household.

8 Basically, we include dummy variables for permanent, temporary and part time jobs.
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TABLE  VII

RETIREMENT DECISIONS

A. Retirement Decisions by Income Group (Individuals Aged 54 to 64 Years Old)

LS IV LS IV

Linear Linear Probit Linear Linear Probit
Probability Probability Lowest Probability Probability 60–

Lowest 60th Lowest 60th 60th 60–100th 60–100th 100th
Percentile Percentile Percentile Percentile Percentile Percentile

SSW −0.39 0.19* 0.99* 0.027 0.22* 0.23*

(−0.86) (17.51) (9.07) (0.52) (17.11) (8.18)
I1

*SSW −0.17* 0.41* 2.08* −0.30* 0.43* 0.51*

(−8.36) (10.45) (8.59) (−9.30) (9.63) (8.03)
Var[(1 − I1

*)SSW] −0.003 −0.32* −1.60* −0.0005 −0.36* −0.39*

(−1.56) (−9.19) (−8.55) (−0.19) (−8.66) (−8.09)
1 (govt. subsidy) −0.024 −0.022 −0.01 −0.061* −0.06* −0.006*

(−1.32) (−1.17) (−0.97) (−2.65) (−2.64) (−2.61)
1 (female) −0.068 −0.038 −0.022 −0.03 −0.015 −0.001

(−3.56) (−1.99) (−2.20) (−1.38) (−0.71) (−0.76)
Education 0.005 −0.001 −0.0007 0.003 −0.0008 −0.0001

(0.94) (−0.51) (−0.53) (0.47) (−0.3) (−0.40)
Other demographics YES YES YES YES YES YES
Location var. YES YES YES YES YES YES
Health var. YES YES YES YES YES YES
Age YES YES YES YES YES YES

R2 0.1766 0.1405 0.1567 0.2123 0.177 0.2055
No. of observations 4,623 4,623 4,623 3,412 3,409 3,409

B. Retirement Decisions (Individuals Aged 54 to 60 Years Old and Individuals Aged 61 to 64 Years Old)

LS IV LS IV

Linear Linear Probit Linear Linear Probit
Probability Probability 54–60 Probability Probability 61–64
54–60 Years 54–60 Years Years 61–64 Years 61–64 Years Years

SSW 0.007 0.21* 0.65* −0.025 0.21* 0.72*

(0.19) (11.69) (2.58) (−0.52) (15.98) (6.54)
I1

*SSW −0.21* 0.41* 1.39** −0.36* 0.21* 0.26
(−9.28) (7.30) (2.5) (−12.18) (3.76) (0.18)

Var [(1 − I1
*)SSW] −0.0007 −0.32* −1.07** 0.0004 −0.16* −0.15

(−0.38) (−5.99) (−2.5) (0.20) (−3.45) (−0.13)
1 (govt. subsidy) −0.045* −0.040 −0.014** −0.05 −0.046 −0.029

(−2.84) (−2.52) (−2.4) (−2.12) (−1.87) (−1.90)
1 (female) −0.068* −0.046* −0.017 −0.029 0.004 0.002

(−3.86) (−2.67) (−2.7) (−1.23) (0.17) (0.16)
Education 0.0007 −0.001 −0.0006 0.008 0.002 0.002

(0.15) (−0.93) (−0.98) (1.44) (1.23) (1.21)
Other demographics YES YES YES YES YES YES
Location var. YES YES YES YES YES YES
Health var. YES YES YES YES YES YES
Age YES YES YES YES YES YES
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R2 0.1579 0.1039 0.1450 0.1646 0.1242 0.1353
No. of observations 5,102 5,101 5,101 4,323 4,320 4,320

Note: The variables SSW, (I1
*SSW), and Var[(1 −I1

*)SSW] are measured in natural log. When I1

= 1, the variable (I1
*SSW) is set equal to zero. Similarly, when I1 = 0, the variable Var[(1 − I1

*)
SSW] is set equal to zero. In the notation, 1 (•) is an indicator function equal to one if the
enclosed statement is true and zero otherwise. Also, “govt. subsidy” indicates a government
subsidy to buy a house.
* and ** represent statistical significance at the 1 percent and 5 percent level, respectively. t-
tests are in parentheses.

TABLE  VII (Continued)

LS IV LS IV

Linear Linear Probit Linear Linear Probit
Probability Probability 54–60 Probability Probability 61–64
54–60 Years 54–60 Years Years 61–64 Years 61–64 Years Years

TABLE  VIII

LABOR SUPPLY (Individuals Aged 54 to 64 Years Old)

IV

Ln (Hours Ln (Hours Ln (Hours Ln (Hours
Ln (Hours Worked) Worked) Worked) Worked)
Worked) Lowest 60th 60–100th 54–59 60–64

Percentile Percentile Years Years
(1) (2) (3) (4) (5)

SSW −0.11** 0.11 −0.18* −0.038 −0.20**

(−1.97) (0.94) (−2.86) (−0.43) (−2.08)
I1

*SSW −0.19 0.02 −0.26 −0.064 −0.089
(−1.45) (0.08) (−1.75) (−0.29) (−0.57)

Var[(1 − I1
*)SSW] 0.17 0.018 0.21 0.093 0.072

(1.57) (0.09) (1.71) (0.51) (0.57)
Ln(w*) −0.014 −0.008 −0.013 −0.01 −0.029**

(−1.53) (−0.64) (−1.02) (−1.02) (−1.93)
Ln(labor income) 0.072* 0.20* 0.05* 0.063* 0.08*

(5.32) (3.92) (2.93) (4.66) (3.42)
Control function −1.09* −0.41 −1.13* −0.71** −1.55**

(−3.07) (−0.67) (−2.72) (−2.03) (−2.36)
Demographics YES YES YES YES YES
Location var. YES YES YES YES YES
Health var. YES YES YES YES YES
Age YES YES YES YES YES
Job var. YES YES YES YES YES

R2 0.0940 0.1402 0.1141 0.0876 0.1225
No. of observations 4,447 2,259 2,188 3,174 2,010

Note: The variables SSW, (I1
*SSW), and Var[(1 − I1

*)SSW] are measured in natural log. When
I1 = 1, the variable (I 1

*SSW) is set equal to zero. Similarly, when I1 = 0, the variable
Var[(1 − I1

*)SSW] is set equal to zero. In the notation, 1(•) is an indicator function equals to one
if the enclosed statement is true and zero otherwise. Also, “govt. subsidy” indicates a govern-
ment subsidy to buy a house.
* and ** represent statistical significance at the 1 percent and 5 percent level, respectively. t-
tests are in parentheses.
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line with theory; however, the coefficient of I1
*SSW and (1 − I1

*)Var(SSW) are not
significant. Since the coefficient of SSW is significant while the one of I1

*SSW is not,
we may conclude that the effect of an increase of the social security wealth is the
same in both systems. The point estimate shows that an increase of 1% in social
security wealth should be associated with a 0.1% decrease in hours of labor sup-
plied to the market. The control function is significant indicating that choice in the
decision of entering the labor force arises and labor income has a positive and sig-
nificant effect over hours supplied to the labor market, as expected.

However, estimates obtained for individuals in the lowest 60th percentile of the
income distribution seem to indicate that those individuals are not affected by so-
cial security and their point estimate elasticity with respect to current labor income,
a substitution effect, is larger than for the richest individuals. This latter group of
individuals seems to react to changes in the level of social security benefits. The
point estimates for the variance seems to be more significant, but nevertheless we
cannot reject the null hypothesis that the coefficient is zero at 5%. Hence, social
security seems to affect the extensive margin rather than the intensive margin deci-
sion.

VII. SUMMARY AND POLICY IMPLICATIONS

This paper deals with the effect of the social security system on labor supply and
retirement decisions in the case of Chile. This case allows us to investigate the
effects of the PAYG and the IA systems. A stylized theoretical model provided in
the paper indicates that larger social security wealth should depress labor supply
and induce earlier retirement while larger variance of those benefits should increase
labor supply and induce later retirement. The paper, under different specifications
and for a different group of individuals aged between 54 and 64 years old, shows
that those predictions are, in general, empirically corroborated. Thus, two phenom-
ena may explain part of the decrease in the retirement rate in Chile during the 1990s:
(1) a larger percentage of individuals enrolled in the IA system and (2) larger vari-
ance of social security benefits which provides incentives to retire later due to the
precautionary motive.
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