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Departamento de Economıa, Unï ersidad Carlos III de Madrid, Calle Madrid 126,´
Getafe 28903, Spain, and CEPR
E-mail: galasso@eco.uc3m.es

Received July 14, 1997

This paper examines how political constraints can shape the social security
system under different demographics. A steady-state mapping between relevant
economic and demographic variables and the social security tax rate resulting from
a majority voting is provided. I calibrate an OLG model to the U.S. economy.
Calculations using census population and survival probabilities projections and
1961]96 labor productivity growth deliver a social security tax rate of 13.3%
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1. INTRODUCTION

The U.S. social security system has recently received enormous attention
from both economists and policymakers. The discussion has focused on the
demographic dynamics and its repercussion for the system’s fiscal sound-
ness and for the political representation of the different generations’
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opposing interests. In fact, several studies have argued that a graying
America will not be able to honor its commitment to pay social security
benefits to its retirees, unless a bigger financial burden is put on its
working generations. The political process will thus have to reconcile the
opposite interests of different generations of Americans.

This paper proposes a framework that can assess some demographic,
economic, and political aspects of the social security debate. For different
demographic and economic scenarios I attempt to determine the social
security system that would receive the political support of a majority of the
voters in the economy. In particular, this paper provides a steady-state
mapping between probabilities of survival, population growth, and produc-
tivity growth rates, and the social security tax rate that would arise as an
equilibrium outcome of a majoritarian voting game. In this context, for
given realizations of these demographic and economic variables, a social
security system is politically sustainable if it implements the equilibrium
tax rate, and therefore it is supported by a majority of the voters.

I calibrate a large overlapping generation model with production to U.S.
data. The economy is populated by several overlapping generations of
workers and retirees. Agents are identical within a cohort, but differ across
cohorts in working ability. They supply labor inelastically and retire at a
mandatory age. The demographic aspect is summarized by the population
growth rate and by the age-specific survival probabilities. The exogenous
economic process is given by the labor productivity growth. These variables
are parameterized using U.S. Census data and estimates. The usual cali-
bration of an overlapping generation model is expanded to take into
account the political process. In addition to the usual calibration targets,1

the baseline economy is calibrated to obtain the current level of the U.S.
social security tax rate as an equilibrium outcome of the political process.
This allows us to extend the calibration to an additional parameter, the
coefficient of relative risk aversion.

In this model, the social security system is unfunded, and its budget is
balanced every year. Workers pay a proportional tax on their labor
income; these contributions are entirely transferred to the retirees in
equal shares. The U.S. social security system differs from this stylized
version, mainly because of its annual unbalances. Indeed, the U.S. system
was introduced in 1935 as a fully funded system. In the initial project, a
trust fund had to be accumulated over the years through a slow but steady
increase in the payroll tax rate in order to fund future benefits. However,

1 The measured long-run values of the capital output and investment output ratios can be
used to pin down two parameters of the model, typically the individual discount factor and
the depreciation rate.
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since the beginning the tax increases needed to fuel the fund lacked the
necessary political support; the accumulation lagged behind schedule,2 and
the system has worked as an unfunded system.

In the context of an unfunded, balanced-budget social security system,
survival probabilities, population growth, and productivity growth rates
represent the relevant demographic and economic variables in the social
security bill. A decrease in the population growth rate, associated with an
increase in the survival probability for the elderly, leads to an older
population. As the dependency ratio drops, either the retirement benefits
decrease or the financial burden on the working population has to be
increased. Increases in labor productivity growth, on the other hand,
increase wages and thus increase total contributions to the system.

The steady-state mapping between the demographic and economic vari-
ables and the political equilibrium social security tax rate hinges crucially
on the specification of the political system. In this paper I adopt a simple
majoritarian political structure. Elections take place every period. Players
in the voting game are all agents alive at every election. The equilibrium
outcome of the voting game, i.e., the equilibrium tax rate, is determined at
simple majority.

Ž .Since Hammond’s 1975 contribution, this type of intergenerational
Ž .game has been known to sustain nonzero social security systems through

an implicit social contract that achieves cooperation among successive
generations of egoistic players.3 Indeed, this approach typically generates a
high degree of indeterminacy, as many tax rate sequences can be sustained
as an equilibrium outcome of the voting game. The goal of this analysis is
to provide a steady-state correspondence between some relevant demo-
graphic and economic variables and an equilibrium social security tax rate.
Among the many possible equilibria, I thus choose to concentrate on
steady-state equilibria induced by stationary strategy profile, i.e., by sta-
tionary implicit contracts. In particular, I focus on the steady-state sub-
game perfect equilibrium of the political game that maximizes the median
age voter’s remaining utility. This equilibrium has the feature that the
initial median voter shares part of the gain from introducing the system

2 In the initial project the trust fund was expected to finance one-third of the benefits
through interest payments. The actual financing was 27% in 1950, 4.8% in 1960, 5.3% in

Ž .1970, 1.8% in 1980, and 7.3% in 1990. See Miron and Weil 1997 .
3 This social contract has later been reinterpreted as an equilibrium outcome of a political

Ž . Ž .process. See, among the others, Browning 1975 and Sjoblom 1985 as initial contributors to
Ž . Ž .this literature, and Esteban and Sakovics 1993 , Boldrin and Rustichini 1995 , Cooley and

Ž . Ž .Soares to appear and Azariadis and Galasso 1996, 1997 for later work.
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with future median voters.4 Notice also that in adopting this equilibrium
concept I abstract from transitional aspects. In fact, if the economy is
outside the equilibrium steady state, the stationary strategy profile need
not be an equilibrium along the transition path.

In this political environment, forward-looking, nonaltruistic agents may
choose to support an unfunded system for two reasons. First, for some
generations of voters the returns from the existing unfunded system may
compare favorably to those that can be obtained from alternative invest-
ments.5 Second, the existence of an unfunded social security system tends
to reduce the aggregate savings and thus the capital level. The resulting
increase in the rate of return may increase the utility of a majority of the
voters.6

Calculations performed using the U.S. Census population and survival
probability projections deliver an equilibrium tax rate of 13.3%. This is
obtained as a steady-state mapping from the projected annual population
growth for the next 40 years of 0.78% and the 1961]96 average value of
the productivity growth, into the corresponding equilibrium tax rate. The
change in the tax rate, from the current 11.2% to 13.3%, is mainly due to
the increase in the median voter’s age, from 44 to 46 years, which
dominates the negative effect of the decrease in the dependency ratio,
from 5.45 to 4.72.

The next two sections describe, respectively, the economic environment
and the political system. Section 4 presents some data on U.S. population,
labor force, and labor productivity and the calibration. Section 5 shows the
main findings and the sensitivity analysis. Concluding remarks and exten-
sions are presented in Section 6.

2. THE ECONOMIC ENVIRONMENT

The economy consists of an overlapping generations model with produc-
tion. Individuals are identical within cohorts. They face an age-specific

4 Ž .This is equivalent to the formulation by Cooley and Soares to appear . Boldrin and
Ž .Rustichini 1995 , on the other hand, propose a ‘‘cookie monster’’ equilibrium, in which the

Ž .first median voter runs away with the entire gain from introducing the system the cookies
and leaves the future median voters indifferent between staying in the system or abandoning
it.

5 Ž . Ž .Browning 1975 and Sjoblom 1985 provided a similar intuition. In a three-generation
model they show that, if the social security decision were to be taken by the intermediate

Ž .generation, the system would be pushed beyond its optimal level. See also Galasso 1998 for
calculations on the profitability of the U.S. social security system for the median voter.

6 Ž .Cuckierman and Meltzer 1989 showed in the context of public debt decisions how this
crowding out effect might play a crucial role in determining the median voter’s decision.

Ž . Ž .Boldrin and Rustichini 1995 and Cooley and Soares to appear applied this mechanism to
social security decisions.
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Ž .Gprobability of surviving until the next period p . Agents who reacht, i is0
the Gth period of their life face certain death, p s 0. The demographict, G

structure of the model can be synthesized by the population profile, which
is obtained by combining the population growth rate, n , and these survivalt

probabilities. The profile summarizes the fraction of population in each
cohort: m , with ÝG m s 1 for all t.t, i is1 t, i

Agents work during the first J periods of their life and then retire.
Labor is supplied inelastically.7 Retirement is mandatory at age 65. This
assumption is not innocuous. In fact, several studies appearing in a book

Ž .edited by Gruber and Wise 1998 show that many workers have a strong
incentive to retire early, around age 62 in the United States. This early
retirement decision clearly affects the social security system by reducing
the dependency ratio. Here, I choose to abstract from early retirement for
two reasons. First, as the agents are homogeneous within cohorts, at steady
state they would all retire at the same age, either the mandatory age or
earlier. Second, allowing for early retirement would introduce additional
features into the social security system that, in the spirit of the model,
would have to be agreed upon by a majority of the voters: the minimum
retirement age and the degree of reduction in the benefits to be paid to
early retirees. This would further complicate the political game, without
adding much to the analysis, because of the agents’ homogeneity.

2.1. Preferences

Agents value their lifetime consumption through a discounted lifetime
utility function:

jG
j tb p U c ; t , 2.1Ž .Ž .Ý Ł t , i tqj

is0js0

where the c is the consumption, subscripts indicate the calendar time and
superscripts the agent’s period of birth, b is the individual discount factor,
p is the probability that an individual aged i at time t will survive untilt, i

the next period i q 1, and p s 1.t, 0

7 Ž .Auerbach and Kotlikoff 1987 show that the existence of a social security system may
have a negative impact on labor supply. Moreover, in the context of a life cycle model with

Ž .altruism, Fuster 1997 suggests that the social security system tends to crowd out capital
through labor supply distortions. By abstracting from endogenous labor decisions, I disregard
the impact that these effects may have on the political decisions.
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The utility function is assumed to have constant relative risk aversion:

1yrtc y 1Ž .tq jtU c s , 2.2Ž .Ž .tq j 1 y r

where r is the coefficient of risk aversion.
Every period agents decide how much of their resources to consume and

how much to invest in claims to capital. Their resources are composed of
returns from previous investment, labor income, and possible inheritance.
For an agent born at time t, the sequence of budget constraints, from the
first to the latest possible period of her life, can be written as follows:

ct q at s at R q y t q H t ; j s 0, . . . , G, 2.3Ž .tq j tqjq1 tqj tqj tqj tqj

where at and y t represent the end-of-period assets holding and thetq jq1 tqj
disposable income at time t q j, and R is the interest factor on thetq j
assets purchased at time t q j y 1.

Agents who do not survive until the last period, G, leave their savings as
an unplanned or involuntary bequest. These asset holdings are assumed to
be redistributed among agents of the same cohort in a lump-sum fashion.8

Therefore, those who survive until the successive period obtain an addi-
t Ž . ttional share of assets, H s 1 y p a R rp . Agents aretq j t, jy1 tqj tqj t, jy1

born with no assets and leave no intentional bequest, i.e., at s at s 0t tqGq1
; t.

Agents differ among generations in their working ability. Young and old
generations are typically endowed with less human capital than middle-aged
generations and thus earn lower wages. Retirees have no labor income, but
they might be entitled to transfers, TR, from the social security system.
The sequence of disposable incomes, y t , for an agent born at time t istq j
the following:

y t s e ? h ? w 1 y t ; j s 0, . . . , J y 1,Ž .tq j tqj , j tqj tqj
2.4Ž .

ty s TR ; j s J , . . . , G,tq j tqj

where w is the wage rate per efficiency unit at time t q j, e is atq j tqj, j
measure of the human capital or labor efficiency for the generation j at
time t q j, h represents the number of hours worked, and t and TRtq j tqj

are, respectively, the social security payroll tax rate on wage income and
the transfer to the old, at time t q j. In other words, the upper expression

8 Alternative redistribution schemes are examined in the sensitivity analysis.
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Ž .in Eq. 2.4 represents the net wage income during the working period,
while the lower one shows the income from old age transfers during

Ž .retirement. In this model, the age-specific labor productivity e istq j, j
exogenous, since there is no technology which allows agents to accumulate
human capital.

2.2. Technology

There is a standard Cobb]Douglas production function with labor
productivity growth:

1yut tuQ s f l ? 1 q l , k s b ? k ? l ? 1 q l , 2.5Ž . Ž . Ž .t t t t t

where l is the labor productivity growth rate, l is labor per capita in
efficiency units, k is capital per capita, b is the total factor productivity,
and u is the capital share of income.

The labor supply in efficiency units is equal to the fraction of workers in
each cohort, multiplied by their specific human capital and by the number
of hours supplied:

J

l s h e m . 2.6Ž .Ýt t , i t , i
is1

The total capital per capita in the economy is obtained by aggregating
the net savings, or end-of-period asset holdings among generations:

G ty im aty i , i t
k s . 2.7Ž .Ýt 1 q nis1

The profit maximization problem of the firm and equilibrium conditions
yield the usual results in terms of competitive wage, w , and real return tot
capital, r :t

tw s f l ? 1 q l , k andŽ .t 1 t t
2.8Ž .

tR s 1 q r s f l ? 1 q l , k q 1 y d .Ž .t t 2 t t

Capital is assumed to depreciate at a rate d .
Notice that this economy is not stationary. In fact, because of the labor

productivity growth, all aggregate variables grow at a rate l. However,
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thanks to the CRRA utility function, standard transformations can be
applied to make the economy stationary.9

2.3. The Social Security System

Ž .I consider a pure, self-financing, unfunded or pay-as-you-go PAYG
social security system. The system consists of a sequence of transfers from
the workers to the retirees. Each worker contributes to the system a
percentage of her wage income, e hw t , and every retiree receives at, j t t

transfer, TR . The budget is balanced every year so that the total amountt
of transfers made to the retirees is equal to the total amount of taxes
collected:

J G

hw t e m s TR m ; t . 2.9Ž .Ý Ýt t t , i t , i t t , i
is1 isJq1^ ` _ ^ ` _

contributions benefits

This expression clarifies the importance of our key demographic and
economic variables for evaluating the profitability of unfunded systems. In
fact, for a given tax rate t , the amount of benefits depends positively on
the wages, and thus on the labor productivity growth, and on the ratio f,
which represents the number of contributors, weighted by their labor
efficiency, divided by the number of the recipients:

ÝJ e ? mis1 t , i t , i
f s . 2.10Ž .t GÝ misJq1 t , i

The ratio f depends positively on the population growth and negatively
on increases in the survival probabilities for the elderly.

At its introduction in 1935, the U.S. social security system was created as
a fully funded system. Tax rates were low at the beginning, but they were
scheduled to be periodically increased. In particular, a trust fund was
created and expected to be accumulated over time to provide the neces-
sary funding for future benefits payments. However, as Miron and Weil
Ž .1997 recognize, the expected tax rate increases did not find the necessary
political support, and the accumulation of the trust fund did not take place
as planned. The extent to which the U.S. social security system has been
run as an unfunded system is reflected in Fig. 1, which shows the annual

Žbalance of the system in proportion to the total benefits paid out or
.contribution received from 1955 to the estimates for 2002.

9 Ž . tAll individual variables and wages are divided by 1 q l .
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FIG. 1. U.S. Old Age and Survival Insurance Trust Fund: ratio of the trust fund annual
Ž . Ž .balance to annual contributions or benefits from 1955 to 2002 estimates .

The adoption in this model of a balanced, unfunded system greatly
simplifies the analysis, since at each point in time there is only one policy
decision to be taken. Clearly, for a given demographic structure of the

Žpopulation and wage level, the choice of the payroll tax rate contribu-
. Ž .tions pins down the amount of transfer benefits as well. Moreover, this

modeling choice is consistent with the objective of the paper, which is to
examine how political constraints can shape the social security system
under different demographic dynamics. In particular, for different realiza-
tions of the relevant economic and demographic variables, voters are

Ž .required to determine the size of the system i.e., the tax rate , provided
that the system is balanced every year, and therefore fiscally sound.

Other studies have focused on unbalanced systems to analyze the fiscal
sustainability of social security in response to demographic changes, when
tax rate and individual benefits do not change. Auerbach and Kotlikoff
Ž .1987 , for example, provide a welfare analysis of different possible policies
for adjusting the social security system to an aging population.

2.4. The Economic Equilibrium

We can now define an economic equilibrium given the sequence of
social security tax rates.
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DEFINITION 2.1. For a given sequence of social security tax rates, labor
� 4̀productivity and population growth, t , l , n , a competitive economict t t ts0

� ty i 4 is0, . . . , Gy1equilibrium is a sequence of allocations and prices, c , w , R ,t t t ts0, . . . , `

such that in every period,

v The consumer problem is solved for each generation i, i.e., agents
maximize

jqiy1Gyi pxj tyib U cŽ .Ý Ł tq jpxsiy1 iy1js0

� ty i4Gy iwith respect to a , given the budget constraintstq j js1

cty i q aty i s aty i R q y ty i q H ty i ,tq j tqjq1 tqj tqj tqj tqj

; i s 0, . . . , G y 1 and ; j s 0, . . . , G y i.
v The firms maximize their profits, and Eq. 2.8 is satisfied.
v Labor, capital, and goods markets clear, and thus, respectively, Eq.

Ž . Ž .2.6 , Eq. 2.7 , and the following expression are satisfied:

G G
ty iq1 tyiq1 tyic q a m s f l , k q 1 y d a ? m . 2.11Ž . Ž . Ž .Ž .Ý Ýt t t , i t t ty1 ty1, i

is1 is1

It is convenient at this point to define the expected utility for an agent
aged i at time t in a competitive equilibrium.

DEFINITION 2.2. For a given sequence of social security tax rates, labor
� 4̀productivity, and population growth, t , l , n , the remaining expectedt t t ts0

ty iŽ�utility in a competitive equilibrium for an agent aged i at time t, ¨ t ,t t
4̀ .l , n , ist t ts0

1yrtyijqiy1Gyi p c y 1Ž .x tqj`tyi j� 4¨ t , l , n s b , 2.12Ž .Ž . Ý Łt t t t ts0 p 1 y rxsiy1 iy1js0

� ty i 4 is0, . . . , Gy1where c , w , R is a competitive equilibrium for a givent tqj tqj ts0, . . . , `

� 4̀t , l , n .t t t ts0

3. THE POLITICAL SYSTEM

In this paper social security decisions are the equilibrium outcome of a
voting game played by successive generations of voters, with elections
taking place every period. Agents are forward looking in their voting
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behavior, and they take fully into account the consequences of their
decisions on future elections.

Players in this voting game are all agents alive at every election. For
each generation i at time t, I consider a representative player, whom I
refer to as generational player i. At every election there are G genera-
tional players, one for each generation alive. Notice that the mass of voters
differs across cohorts because of the cohort size and because of the
different participation rates at elections. It follows that the vote of each
generational player i at time t has a different relative weight, c ,t, i
depending on the mass of voters she represents, where ÝG c s 1 ; t.is1 t, i
The introduction of generational players is consistent with the agent’s
homogeneity within cohort and allows for players’ strategic voting. Notice,
in fact, that with an infinite number of agents, each one having zero mass,
no agent can be pivotal in the voting. Individual agents’ deviations do not
matter, since they cannot affect the outcome of the game. It follows that
any strategy profile is an equilibrium. This consideration is typically used
in this literature to support the assumption of sincere voting. The aggrega-
tion through generational players restores the strategic aspects of this
intergenerational game.

w xIndividual action spaces are the set of social security tax rates, 0, 1 . An
i w xaction for a generational player i at time t is a tax rate: q g 0, 1 . Thet

action profile at time t is the vector of actions played at time t by all
� 1 2 G4generational players alive: q s q , q , . . . , q .t t t t

I consider a majoritarian political system in which the political outcome
is preferred to any other outcome by a majority of voters, and in which
individuals have single peaked preferences over political outcome, i.e., tax
rate. The realized tax rate at time t, t , is thus assumed to be the mediant
of the distribution of actions played by players alive at time t.

Ž .For a given sequence of profiles of actions, q , . . . , q , q , . . . , and0 t tq1
Ž .corresponding outcomes, t , . . . , t , t , . . . , and given a pair of se-0 t tq1

� 4̀quences l , n , the expected payoff for a generational player i at timet t ts0
ty iŽ� 4̀ .t is given by her expected utility, ¨ t , l , n , as in Definition 2.2.t t t t ts0

The history of the game at time t describes the sequence of social
security tax rates up to time t y 1. For simplicity we have let time begin at
0. The history at time t is

tw xh s t , t , . . . , t g 0, 1 . 3.1Ž . Ž .t 0 1 ty1

A time t strategy for a player of age i alive at time t will therefore be a
mapping

i w xs : h ª 0, 1 . 3.2Ž .t t
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Let s represent the collection of strategies adopted at time t by allt
� 1 2 G4 yigenerational players alive, s s s , s , . . . , s , and let s be the collec-t t t t t

i � 4̀tion s without the element s . For a given pair of sequences l , n , lett t t t ts0
ty iŽ � 4̀ .c s , . . . , s , . . . , s , l , n be the consumption in a competi-t 0 t tqGyiq1 t t ts0

tive equilibrium for a generational player i at time t, given the realized
sequence of social security tax rates resulting from the sequence of

Ž .strategies s , . . . , s , . . . , s .0 t tqGyiq1
A generational player i at time t maximizes

`tyi i yi � 4V s , . . . , s , s , . . . , s , l , nŽ .t 0 t t tqGyiq1 t t ts0

jqiy1Gyi pxjs max bÝ Ł
pxsiy1 iy1js0 3.3Ž .

1yr`tyi i yi � 4c s , . . . , s , s , . . . , s , l , n y 1Ž .tq j 0 t t tqGyiq1 t t ts0
=

1 y r

The political process embedded in this game is known to sustain nonzero
intergenerational transfer systems through an implicit social contract that
achieves cooperation among successive generations of voters. Today’s
voters agree to transfer resources to current retirees because they expect
to be rewarded for their actions with a corresponding transfer in their old
age. If the current voters fail to comply with the contract, and thus vote
not to pay social security to current retirees, they would receive no
transfers in their old age. Indeed, this approach typically generates a high
degree of indeterminacy, as many transfer sequences can be sustained as a
political equilibrium of the voting game.10

The aim of this paper is to map out a steady-state correspondence
between the relevant demographic and economic parameters and a social
security tax rate that arises as an equilibrium outcome of this voting game.
Therefore, among the many possible equilibria, I choose to concentrate on
steady-state equilibria induced by stationary strategy profiles. The use of
stationary strategy profiles seems particularly appropriate for examining
steady states. The steady-state equilibria they induce have the feature that
successive voters of the same age receive the same remaining lifetime
expected utility. Moreover, I focus on the equilibrium that for given

Ž .steady-state values of labor productivity and population growth rates l, n
Žmaximizes the remaining lifetime expected utility of the median age aged

.m generational voter. The outcome associated with this equilibrium is
Žequivalent to the equilibrium outcome obtained by Cooley and Soares to

10 Ž . ŽSee, among others, Boldrin and Rustichini 1995 , and Azariadis and Galasso 1996,
.1997 .
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.appear . In this equilibrium, the gain from introducing a social security
system is shared among successive voters. In fact, successive median voters
vote for their most preferred social security tax rate and obtain the same

Ž .remaining lifetime expected utility. Boldrin and Rustichini 1995 , on the
other hand, focus on an equilibrium in which the first median voter
extracts all of the gain, leaving future median voters indifferent between
supporting or dismantling the system.

Ž .Let t ) 0 be given. I will say that condition A is satisfied at time tˆ
X � 4 X Xwhen ' t g 0, 1, . . . , t y 1 s.t. t s 0 ; j F t and t s t ; j ) t .ˆj j

Ž .In words, condition A is satisfied at time t when either the social
Ž .Xsecurity system has never been introduced t s 0 or it has been intro-t

duced with a tax rate level t s t , and this tax rate has prevailed sinceˆ
then.

Ž i. is1, . . . , GConsider now a strategy profile s , such thatt̂ ts0, . . . , `

v
iŽ . w x Ž .s h s t for i g l, u , if condition A holds, andˆ ˆt t

v
iŽ . w x Ž .s h s 0 for i g 1, J , if condition A does not hold.t̂ t

This strategy profile requires generational players with intermediate age
Ž .from l to u to vote an initial tax rate t s t in the first election in whichˆ

Ž .social security is introduced, and to vote for this initial tax rate t s t̂
provided that t has always prevailed since its first introduction. Genera-ˆ
tional players at their working age are required to dismantle the system,
t s 0, if the initial tax rate has previously been changed. Notice that the
conditions above constrain the strategy profile of some generational play-
ers only, and only after certain histories.

For a given sequence of population and labor productivity growth rates,
� 4̀l , n , and for a given capital stock, k, this strategy profile is at t ts0
subgame perfect Nash equilibrium of the voting game if individual optimal-
ity conditions are satisfied ; t and ; i:

V ty i s , . . . , s i , syi , . . . , s G V ty i s , . . . , s i , syi , . . . , s ,ˆ ˆ ˆ ˆ ˆ ˆ ˆŽ . Ž .t 0 t t tqGyiq1 t 0 t t tqGyiq1

if Ýu c G 1r2, and ÝJ c G 1r2, and if the capital associated with theis l i is1 i
Ž . Ž .outcome tax rate is equal to the given initial capital stock: k s k t .

In other words, all generational players, each one taking individual
optimal decisions, have to be induced to vote according to the strategy
profile at every election; and the votes of specific voters, intermediate or
working generational voters, depending on the history of the game, have to
constitute a majority of the votes at every election. Moreover, since I look
at steady-state equilibria induced by a stationary profile, the initial level of
capital when the outcome tax rate is implemented, k, needs to be exactly
equal to the steady-state capital stock associated with the realized tax rate,
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Ž . 11k t , so that no transition is required. When the above strategy profile
induces a positive tax rate t ) 0 as an equilibrium outcome, I call thisˆ
profile a Reversible Social Security Strategy Profile. In fact, this strategy
profile supports positive social security tax rates with a reversion to zero
social security whenever a deviation takes place.

Notice that many positive tax rates t ) 0 could be sustained by thisˆ
strategy profile. As discussed earlier, I choose to concentrate on the
subgame perfect equilibrium that maximizes the remaining lifetime utility

Ž .of the voter with median age for a given pair l, n . If voters’ preferences
Ž .about tax rates can be ordered by age see next section , this selection

criterion amounts to requiring that the tax rate has to be determined by a
majority of the voters, and therefore by the median aged voter. Notice that
successive median aged voters obtain the same remaining lifetime utility.

DEFINITION 3.1. For given steady-state values of population and labor
Ž .productivity growth rates l, n , the politically sustainable social security tax

Ž .rate, t l, n , is the outcome of a Reversible Social Security Strategy Profile
Ž i. is1, . . . , G Žs that maximizes the median age voter’s indirect utility genera-t̂ ts0, . . . , `

.tional player m at time t :

jqmy1Jym p ijt s arg max bÝ Ł
pismy1 my 1js0

= U atym t R y atym tŽ . Ž .ˆ ˆŽ tq j tqj tqjq1

qH tym q e hw 1 y tŽ . .tq j tqj , mqj tqj 3.4Ž .
jqmy1Gym p ijq bÝ Ł

pisJ Jy1jsJymq1

= U atym t R y atym t q f hw t .Ž . Ž .ˆ ˆŽ .tq j tqj tqjq1 tqj tqj

Definition 3.1 associates with every pair of labor productivity and
population growth rates a steady-state politically sustainable social security

Ž .tax rate, t l, n .
In the next sections I map different pairs of labor productivity and

population growth rates into the corresponding politically sustainable tax
rates. In particular, I calibrate a baseline economy to map the observed

Ž .average values of the demographic and economic variables l, n into an

11 Notice that this strategy profile may support equilibria in which the initial level of
Ž .capital, k, is different from k t . In this case the strategy profile needs to be an equilibrium

Ž .along the transition from the initial k to the stationary k t .
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equilibrium tax rate of 11.2%. Then, I repeat the computation for different
pairs of parameter values.

4. DATA AND CALIBRATION

The ultimate goal of this paper is to map out a steady-state correspon-
dence between some relevant economic and demographic variables and
the equilibrium social security tax rate. In particular, population growth,
labor productivity growth, and changes in life expectancy have important
implications for the level of retirement benefits. In fact, for a given payroll
tax level, an aging population reduces the social security benefits by
decreasing the ratio of contributors to beneficiaries, f. Labor productivity
growth, on the other hand, translates into higher wages and thus boosts
benefits.

The U.S. demographic dynamics of the past 40 years has been character-
ized by an aging population, because of the combined effects of a large
downward swing in fertility and the constant reduction in mortality rates.
Fertility rates increased after the Second World War, generating a long
baby boom; a long-lasting reduction followed 20 years later.12 Improve-
ments in health care and standard of living, on the other hand, have
constantly reduced the mortality rate.

The combined effect of those two elements is captured in Fig. 2, which
represents the rates of growth of the U.S. population and labor force from
1953 to 1996. This figure clearly shows that the population growth rate
decreased until the 1970s and then fluctuated around a value of about 1%
a year. The labor force, on the other hand, has experienced a higher
average growth rate, especially in the late 1960s and the 1970s.

Figure 3 displays the low, middle, and high series of population projec-
tions for 1997]2035, as predicted by the U.S. Census. These data are used
to simulate the baseline economy.

The effect of these demographic changes on the social security system is
reflected in the dependency ratio, i.e., the ratio of covered workers to

Ž .retirees old age and survivor insurance beneficiaries . This was 16.4 in
1950 and decreased to 3.8 in 1990. Moreover, the Social Security Adminis-
tration’s projections predict that in 60 years there will be only 2.2 covered
workers per retiree, as Table I shows.

12 Fertility rates reached a peak value of 3.68 in 1959 and dropped to a mere 1.74 in 1976.
Since then they have recovered slightly just above 2.00. The Social Security Administration’s
Ž .SSA actuarial projections suggest that it will remain close to this level, converging to 1.9
around the year 2020.
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FIG. 2. U.S. population and labor force from 1953 to 1996.

FIG. 3. U.S. Census projection for U.S. population from 1997 to 2035.
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TABLE I
Elderly as Share of Total Population and Dependency Ratio

aYear 65 and olderrTotal population Covered workersrOASI beneficiaries

1950 8.0% 16.39
1970 9.7% 4.11
1990 12.3% 3.76
2010 12.9% 3.55
2030 19.9% 2.34
2050 20.8% 2.2

a Ž .Source: Steuerle and Bakija p. 49, 1994 on Board of Trustees, OASDI historical data,
and intermediate projections.

Data on the growth rates of U.S. labor productivity and wages are
presented for the 1961]1996 period in Fig. 4. Labor productivity growth is
measured as the growth rate of output per hours worked. The average rate
of growth over this period has been around 2%. Wage growth rates are
measured as hourly earnings growth rates. As the dashed line in Fig. 4
shows, wage growth has been lower than labor productivity, with an
average rate of growth around 0.3%.

FIG. 4. U.S. labor productivity and wages from 1961 to 1996.
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The data presented here are used to construct two alternative specifica-
Ž .tions of the model. In the main specification M1 , the relevant demo-

graphic and economic variables are, respectively, population and labor
Ž .productivity growth. In the second specification of the model M2 , I use

instead labor force and weekly earnings data.

4.1. Calibration Issues

The goal of the calibration exercise is to pin down some parameter
values of the model economy by matching some measured data of the U.S.
economy. Usually, in this type of life cycle model, only two measured
stationary ratios, the capital output and the investment output ratio, can
be matched.13 This allows the calibration of two parameters. All other
values have to be obtained from empirical estimates.

In this paper, however, the calibration also aims at constructing a
baseline economy in which the equilibrium social security tax rate equals

Ž .the current U.S. OASI Old Age Survival Insurance payroll tax rate of
11.2%. These additional measured data allow the calibration of one more
parameter.

Each period in the model corresponds to 1 year. Agents are born at age
18 and can live up to age 84. Every period they face an age-specific
probability of death. The probabilities of survival used in the calibration of
the baseline economy are obtained from Vital Statistics of the U.S. for 1992.
Estimates of the survival probability for the years 2000 and 2050 are taken
from Bureau of the Census Population Division Data. These are estimated
using the middle series population projection. I use them to simulate
changes in the baseline economy.

Ž .In parameterizing the technology, the productivity factor b is normal-
Ž .ized to 1. The capital share of income u is set equal to 0.36, as in Cooley

Ž .and Prescott’s 1995 calculation for the case with no home production, no
government investment, and no explicit treatment of the inventories. The

Ž .number of hours dedicated to work h is taken to be 0.423. This results
from assuming 45 hours worked in a week out of a total of 98 hours, and
an employment rate of 94%. The human capital or labor efficiency units

Ž . Jprofile, e , is calculated using the 1991 mean earnings for malei is1
individuals as published by the Bureau of the Census in Current Population
Reports. The U.S. Census reports data for 18]64-year-old male individuals
in nine age groups. The age-specific labor efficiency is then calculated by
fitting these data with an exponential function as shown in Fig 5.

13 For a discussion of the calibration of overlapping generation models, see Auerbach and
Ž . Ž .Kotlikoff 1987 and Rios Rull 1996 .
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FIG. 5. Earning profile by age: constructed earning index and actual U.S. earning data by
cohorts.

All of the above parameters are common to the baseline economy of
both specifications of the model, M1 and M2.

M1, the primary specification, is further calibrated using growth rates of
population and labor productivity. In its baseline economy, the annual
labor productivity growth rate, l, is taken to be equal to 1.94%, which is
the rate of growth of output per hours worked in the 1961]96 period. The
population growth rate, n, is set equal to 1.2%, the average rate of growth
over the last 40 years.

Ž .M2 the other specification is parameterized to labor force and hourly
earnings growth rate data. In its baseline economy, the annual rate of
growth of the labor force, n, is equal to 1.76%, the average growth rate in
the 1953]96 period, whereas the hourly earnings growth rate is set equal
to 0.27%, the average over the last 35 years.

The parameterization of the political system requires the measured
Ž .social security tax rate 11.2% to be an equilibrium of the majoritarian

voting game. Figure 6 shows that in the baseline economy generational
players have single peaked preferences over tax rates, and that the pre-
ferred tax rate is increasing with the voter’s age. Moreover, once the
economy is calibrated to yield the tax rate of 11.2% as the median voter’s

Ž .preferred level, it can be shown that the Reversible Social Security
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TABLE II
Population Growth Rate]Median Vote Age Correspondence

aPopulation growth rates Median voter age

w x0.25, 0.40 48
w x0.45, 0.65 47
w x0.70, 0.90 46
w x0.95, 1.15 45
w x1.20, 1.45 44
w x1.50, 1.70 43

1.75 42

a Using 1992 U.S. Census Probability of Survival and 1992
Presidential Elections Participation Rates. See Footnote 16.

strategy profile supporting this equilibrium tax rate is played by a majority
of the voters.14

A crucial element in this calibration exercise is represented by the
median voter’s age. Using the voter’s participation rate for the 1984, 1988,
and 1992 presidential elections, as reported by the U.S. Census, I calculate
the median voter’s age at these elections to be 44 years.15 Probabilities of
survival, population growth rate, and election participation rates are then
used to mimic the age profile of the electors. Using the 1992 survival
probabilities and the participation rates at the 1992 presidential elections,
it is possible to find a correspondence between the population growth rate
and the median voter’s age.16 This correspondence is reported in Table II.

Finally, the steady-state measures of the capital]income ratio and of the
investment]income ratio, together with the current value of the U.S.
OASI social security tax rate, can be used to calibrate the depreciation

14 Recall that for a Reversible Social Security Strategy Profile to be an equilibrium, a
majority of intermediate-age players have to support the tax rate, and a majority of
working-age players have to punish any deviation. In this calculation, the intermediate-age
generational players are between 38 and 70 years old and constitute 54% of the electors,

Ž .whereas the working generations from 18 to 64 years old represent more than 81% of the
voters.

15 The median age of the electorate in presidential elections is sensibly lower: 41 year in
1992, 40 in 1988 and 1980, and 39 in 1984. However, participation rates are much higher

Ž .among older generations. See Galasso 1998 .
16 In the baseline version of the model, a population growth rate of 1.2% would yield a

median voter age equal to 45 years, instead of the 44 years computed from the data. To adjust
for this discrepancy I redefine the median voter age to be the age i such that 48.6% of the
voters are younger than or as old as i. In this case the baseline model yields a 44-year-old
‘‘adjusted’’ median voter for n s 1.2%. Table II takes into account this adjustment. The
sensitivity analysis provides some results for the unadjusted model.
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TABLE III
Parameterization of the Baseline Economy: Specifications M1 and M2

Specification n m b u h d l r b

M1 1.2 44 1 0.36 0.423 5.408 1.94 2.073 1.0307
M2 1.76 44 1 0.36 0.423 6.537 0.27 2.2 1.0163

rate, d , the individual discount factor, b , and the coefficient of relative
risk aversion, r, in both models’ baseline economies.

Since I exclude the government from the analysis, the calibration targets
are17

K I
s 2.94, s 0.252, t s 11.2%.

Y Y

In model 1, the depreciation rate, d , turns out to be equal to 5.408%,
the individual discount factor, b , is 1.0307, and the coefficient of relative
risk aversion,18 r, is 2.073. In model 2, the depreciation rate is equal to
6.537%, the individual discount factor is 1.0163, and the coefficient of

Ž .relative risk aversion is 2.2 see Table III .

5. FINDINGS

This paper provides a mapping between relevant economic and demo-
graphic variables and the politically sustainable level of social security. In
particular, I concentrate on the correspondence between population growth

Žrate, labor productivity growth rate, age-specific survival probabilities and
.the induced median voter’s age , and the equilibrium social security tax

rate.
The theoretical model suggests that a reduction in the population

growth rate or an increase in the survival probabilities for the elderly has
the opposite effect on the equilibrium tax rate. On one hand, it decreases

17 Ž .See Rios Rull 1996 .
18 As terms of comparison, in utility functions with consumption and leisure, estimations

for the coefficient of relative risk aversion range from 1.33 to 7.7. Auerbach and Kotlikoff
Ž .1987 use a value of 4. For a leisure preference parameter of 2r3, this value translates into
r s 2 for a model without leisure. This parameter is crucial to the analysis, as it largely
affects the savings decision. A low value of the coefficient of relative risk aversion leads to a
lesser degree of consumption smoothing. In a model where social security can be seen as an
alternative and better performing investment for the decision maker, a low value of r implies
a large size of the system.
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TABLE IV
Simulation Results

Baseline Simul. ‘‘Control A’’ Simul. Simul. Simul.

Population growth 1.2 0.78 0.78 0.78 0.78 0.78
Median voter age 44 46 44 46 47 47
Survival probability 1992 1992 1992 2000 2050 2000-50
Productivity growth 1.94 1.94 1.94 1.94 1.94 1.94
Dependency ratio 5.45 4.72 4.72 4.68 4.02 4.32
Equm tax rate 11.2% 13.3% 8.7% 13.2% 11.9% 13.9%
Replacement rate 51.7% 54% 35% 53% 41.2% 51.3%
KrY 2.94 2.96 3.14 2.97 3.11 2.99
IrY 0.252 0.241 0.256 0.241 0.253 0.244
Rate of return 6.84% 6.77% 6.06% 6.72% 6.18% 6.63%
Wages 1.174 1.177 1.218 1.180 1.21 1.185

the profitability of the social security system by reducing the dependency
ratio; on the other hand, it raises the median voter’s age. An increase in
labor productivity has a positive impact on the size of the system.

The first part of this analysis focuses on changes in the demographics for
Ž .the main specification of the model M1 . Results for the model parame-

Ž .terized to wage growth and labor force growth rates M2 are reported in
the sensitivity analysis. For a constant labor productivity growth of 1.94%,
I simulate the baseline economy using the average of U.S. Census middle
series estimates of the population growth rate from 1997 to 2035, n s
0.78%, and the U.S. Census middle series estimates of the survival proba-
bility for the years 2000 and 2050. The results are reported in Table IV.
The first column of this table describes the baseline economy, which was
calibrated to have an equilibrium tax rate of 11.2%. Given the dependency
ratio of 5.45, this yields a replacement ratio19 of 51.7%.

Column 2 shows the simulation of the baseline economy with a popula-
tion growth rate of 0.78% and with the corresponding median voter’s age,

Ž .46 years see also Table II . This combination of values maps into an
equilibrium tax rate of 13.3%, which yields a replacement rate of 54%. The
aging in the population is reflected in the reduction of the dependency
ratio to 4.72. The changes in the other variables, capital output ratio, rate
of return, etc., are marginal.

To isolate the importance of changes in the dependency ratio from
variations in the median voter’s age to the determination of the equilib-
rium level of social security, I simulate the baseline economy for the

19 The average replacement ratio in the first year of retirement was around 61% in 1995.
Ž .See Miron and Weil 1994 1997 .
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Ž .average estimated population growth n s 0.78% , but keeping the median
voter’s age constant at 44 years, I call this economy ‘‘control A.’’ As
reported in column 3, the equilibrium tax rate drops to 8.7% and the

Žreplacement rate to 35%. The decrease in the dependency ratio from 5.45
.to 4.72 makes the system less profitable and induces the 44-year-old

median voter to prefer alternative forms of saving. The capital]output
ratio increases to 3.14, driving the interest rate down to around 6%.

The differences between the baseline economy and the economy simu-
lated with the average estimated population growth and the corresponding

Ž .median voter’s age column 2 can be examined by observing Figs. 7, 8, and
9, which show, respectively, consumption, assets, and income profiles for
these two economies. A third, dashed line in the graphs describes a second
control economy, ‘‘control B,’’ which combines the new demographics,
n s 0.78% and a 46-year-old median voter, with the previous social secu-
rity system, t s 11.2%.

Ž .The comparison between the baseline dotted line and this ‘‘control B’’
economy shows the impact of a reduction of the dependency ratio on the

Ž .initial social security system, t s 11.2%. The consumption profile Fig. 7
tilts around the middle age and provokes a strong reduction in the old age

Ž .consumption; the assets profile Fig. 8 is almost identical. The income
Ž .profile Fig. 9 changes considerably: the higher capital level increases

FIG. 7. Consumption profile over lifetime, for baseline, control, and simulated economy.
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FIG. 8. Assets profile over lifetime, for baseline, control, and simulated economy.

FIG. 9. Income profile over lifetime, for baseline, control, and simulated economy.
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wages and therefore the labor income, whereas pensions are greatly
reduced because of the decrease in the dependency ratio.

Ž .If the new older median voter is allowed to modify the system after the
demographics have changed, the situation differs. The higher equilibrium
tax rate, t s 13.3%, associated with the new demographics modifies in-
come and assets profiles. It decreases the disposable labor income and
raises pensions, thus reducing assets accumulation and almost restoring
the previous replacement rate. With respect to the ‘‘control B’’ economy,
the consumption profile tilts strongly toward more old age consumption,
responding to the incentives of an older median voter. Notice that the
entire consumption profile lies below the baseline economy’s.

The simulation performed using the estimated survival probability for
Ž .the year 2000 yields almost identical results column 4 . The median voter

is still 46 years old, while the dependency ratio decreases slightly to 4.68.
This leads to an equilibrium tax rate of 13.2% and a replacement rate of
53%.

The adoption of the 2050 estimate probabilities of survival changes the
Ž .picture quite dramatically column 5 . The estimated reduction in the

mortality rate for the elderly translates into an older median voter, 47
years old, and a much lower dependency ratio, 4. With these demographics
the model associates an equilibrium tax rate of 11.9% and a replacement
rate of only 41%. Moreover, the capital output ratio is strongly affected.
Column 6 reports the results obtained for an average between the survival
probabilities of the years 2000 and 2050.

The second part of this analysis examines the combined effects of
economic and demographic variables by calculating the equilibrium tax
rate associated with different pairs of population and labor productivity
growth rates.

Because of the uncertainty about the long-run pattern of the population,
Žas shown in the large differences between the high and low series see Fig.

.3 , I choose to simulate the baseline economy for a large interval of
population growth rates, from 0.25% to 1.75%, and for the corresponding

Ž .median voter’s age, respectively from 48 to 42 years see Table II . The
survival probabilities are taken to be the 1992 value. Analogously, because
of the lack of better estimates, labor productivity growth is allowed to vary
from 1% to 3%.

The results are summarized in Fig. 10, which maps population and labor
productivity growth rates into equilibrium tax rates. This graph helps to
identify the different forces at work: a decrease in the growth rate of
population reduces the profitability of the system and thus the equilibrium
tax rate, because of a lower dependency ratio. However, it also implies an
older population, and thus an older median voter. The resulting reduction
in the number of contribution years for the median voter increases her
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FIG. 10. Steady-state correspondence between equilibrium social security tax rate and
pairs of population growth rate and labor productivity growth rate as obtained by the
simulation.

return from investing in social security and thus the payroll tax rate.
Increases in labor productivity univocally increase the tax rate by increas-
ing the wage growth rate.

This figure suggests that the effect of the change in the median voter’s
age is predominant. In fact, low equilibrium levels of social security are
typically obtained only for low productivity and for high population growth
rates and therefore when the median voter is young.

5.1. Sensitï ity Analysis: Model’s Specification M2

This version of the model is parameterized to labor force and wage
growth rates. Column 1 of Table V reports the calibrated baseline econ-
omy. The values of the variables are in line with the main model. However,

TABLE V
Sensitivity Analysis: Model Specification M2

N MVA l b r t RR KrY

Baseline 1.76% 44 0.27% 1.0163 2.2 11.2% 61.6% 2.94
Simulation 1.10% 46 0.27% 1.0163 2.2 12.0% 53.7% 3.07
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Žthis economy features a lower rate of return 5.7% vs. 6.8% in the main
.model and higher values of the replacement rate, 61.6%, and the depen-

dency ratio, 6.62. Column 2 shows the results of a simulation performed
using the U.S. Census labor force growth projections for 1996]2005 and a
corresponding median voter’s age of 46 years. The equilibrium tax rate is
higher than in the baseline economy, 12%, which confirms that the
increase in the median voter’s age has a stronger impact than the drop in
the dependency ratio. However, in this alternative model the magnitude of
the change is much lower, and the replacement rate decreases.

5.2. Sensitï ity Analysis: In¨oluntary Bequest

In the baseline model, unwilling bequests are redistributed among
agents of the same cohort in a lump-sum fashion. Here, I examine three
alternative ways of dealing with involuntary bequest.

First, I consider that the assets of the deceased are divided up among
agents of the same cohort in proportion to their holdings. This amounts to
assuming that agents enter a 1-year annuity contract with agents of the
same generation to distribute the assets of the deceased. This redistribu-
tion scheme directly affects the realized rate of return. For example,
survivors in the older generations receive higher returns on assets. The
expected rate of return is, however, equal across cohorts. Column 1 of
Table VI shows the calibration for a baseline economy with a proportional
redistribution scheme. The calibration parameters are in line with the
main model. Column 2 reports the results obtained by simulation of this
economy with a population growth rate of 0.78% and a corresponding
46-year-old median voter. They are virtually identical to the main model:
the equilibrium tax rate goes from 11.2% to 13.2%, and the replacement
rate from 51.7% to 53.6%.

TABLE VI
Sensitivity Analysis: Involuntary Bequest

Case I Case II Case III

Baseline Simul. Baseline Simul. Baseline Simul.

Population growth 1.2% 0.78% 1.2% 0.78% 1.2% 0.78%
Median voter age 44 46 44 46 44 46
Productivity growth 1.94% 1.94% 1.94% 1.94% 1.94% 1.94%

Ž .IDF b 1.0212 1.0212 1.0396 1.0396 1.0529 1.0529
Ž .CRRA r 2.045 2.045 2.51 2.51 3.27 3.27

Equm tax rate 11.2% 13.2% 11.2% 13.2% 11.2% 13.7%
Replacement rate 51.7% 53.6% 51.7% 53.6% 51.7% 55.6%
KrY 2.94 2.96 2.94 2.96 2.94 2.98
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Second, I analyze a scheme which redistributes the total amount of
unwilling bequest in a lump-sum fashion among survivors of all ages. Every
agent alive obtains the same transfer. Columns 3 and 4 of Table VI report
the calibration of this economy and the corresponding simulation. Again,
the simulation results are not affected. In this case, however, the cali-
brated value of the coefficient of relative risk aversion is higher than in the

Ž .baseline main model 2.51 vs. 2.073 . This suggests that a constant, lump-
sum bequest to every agent increases the incentive to have a social security
system, because of the higher level of asset holdings.

Finally, in the third case all unwilling bequests are transferred as a lump
sum to the youngest generation, the 18-year-olds. This redistribution
scheme amplifies the effect detected in the previous case. As displayed in
columns 5 and 6 of Table VI, the calibration of this economy requires a
very high value of the coefficient of relative risk aversion for the equilib-
rium tax rate to be 11.2%. The large amount of assets transferred to the
young tends to increase the capital level in the economy and thus to
reduce the rate of return. This makes the social security system more
profitable, both as an alternative form of saving and because of its role in
crowding out capital. The simulated economy maps into an equilibrium tax
rate of 13.7% and into a replacement rate of 55%.

5.3. Sensitï ity Analysis: Median Voter ’s Age

In the baseline model, the computation of the median is adjusted to
Žobtain a 44-year-old median voter as calculated from the data see foot-

.note 16 . Here, I examine the results of the unadjusted model in which the
median voter’s age corresponding to a population growth rate of 1.2% is 45
years. The calibration of the model is reported in Table VII. Notice that
the coefficient of relative risk aversion is higher than in the main model
Ž .r s 2.436 , as an older median voter would prefer a larger system.
However, the results of the simulation do not change. A population growth
rate of 0.78% is now associated with a 47-year-old median voter, and it
yields an equilibrium tax rate of 13.3% and a replacement ratio of 54.7%.

TABLE VII
Sensitivity Analysis: Median Voter Age

n MVA l b r t RR KrY

Baseline 1.2% 45 1.94% 1.0425 2.436 11.2% 52.6% 2.94
Simulation 0.78% 47 1.94% 1.0425 2.436 13.3% 54.7% 2.96
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6. CONCLUSIONS

Projections of future fertility and mortality rates show that the U.S.
population will continue to age. Many studies have conjectured that
additional social security reforms will be needed in order to ensure the
fiscal sustainability of the system.

This paper concentrates on how political constraints can shape the
social security system under different demographics. In particular, I pro-
vide a steady-state mapping between some relevant economic and demo-
graphic variables and the social security tax rate obtained as an equilib-
rium outcome of the majoritarian voting game.

This model suggests that, although current demographic trends decrease
the dependency ratio and thus reduce the profitability of the social
security system, they also raise the median age of the voters. These two
effects have opposite impacts on the equilibrium tax rate.

Calculations performed using the U.S. Census population and survival
probability projections and the 1961]96 average value of the productivity
growth rate deliver a corresponding equilibrium social security tax rate of
13.3%. This increase reflects the expected aging of the median voter, from
44 to 46 years, which dominates the decrease in the dependency ratio,
from 5.45 to 4.72. The new tax rate yields an almost unchanged replace-
ment ratio, 54% versus the previous 51.7%.

The negative impact of the population aging becomes more relevant
when the survival probability projection for the year 2050 is considered. In
this case, the median voter is 47 years old, the dependency ratio drops to 4,

Žand the corresponding tax rate is 11.9% and the replacement ratio drops
.to 41% .

Simulations of the baseline economy for different values of the produc-
tivity growth rate quantify the impact of this economic variable on the
social security system. In particular, using the 1997]2035 U.S. Census
population projections, n s 0.78%, the calculations suggest that a 25%
drop in the current productivity growth rate, from 1.94% to 1.5%, is
associated with an equilibrium tax rate of 11.8%, whereas a 25% increase
to 2.5% maps into a 15.2% social security tax rate.

The notion of political sustainability presented here should be inter-
preted as a measure of minimum sustainability. It hinges crucially on the
idea that workers who previously contributed to the system would not be
even partially reimbursed if the system is dismantled. In fact, allowing for
partial reimbursement of past contributions would decrease the profitabil-
ity of the social security system, since the workers, and in particular the
median voter, would not need to stay in the system until retirement to
obtain some payments. An interesting, complementary exercise would be
to calculate the amount of money that the median voter would need to
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receive in order to be indifferent between continuing with the unfunded
system and switching to a funded system or simply to private saving. This
exercise would help define an alternative, stricter measure of political
sustainability.
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