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In this paper we examine the role of social security in an economy populated
by overlapping generations of individuals with time-inconsistent preferences who
face mortality risk, individual income risk, and borrowing constraints. We find
that unfunded social security lowers the capital stock, output, and consumption
for consumers with time-consistent or time-inconsistent preferences. However, it
may raise or lower welfare depending on the strength of time inconsistency.

I. INTRODUCTION

In the United States and most other developed countries, the
public pension system and associated benefit payments to retir-
ees and their families (including disability, medical, and survivor
benefits) constitute the largest item in the government budget.
Partly because of their scale, these programs have during the last
quarter century become the subject of intense study by econo-
mists, who have become increasingly aware of the large effects
such programs may have on many aspects of the economy.

The literature on unfunded public pensions has identified a
variety of both costs and benefits of such systems. The costs
consist largely of distortions to the labor supply and saving deci-
sions. The major benefits arise from the fact that social security
may provide avenues for risk sharing that are not otherwise
available or are very costly in private markets. Depending upon
the reasons for the lack of private insurance, social security might
provide a lower cost substitute for private contracts. Annuity
markets provide an example. One would expect life-cycle consum-
ers facing uncertain death dates to utilize individual annuity
contracts to smooth consumption and insure against the risk of
outliving their assets. Although private annuity markets exist in
the United States, the volume of contracts in these markets is
surprisingly small, possibly because of adverse selection [Fried-
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man and Warshawsky 1990].! By imposing a mandatory annuity
system, social security might substitute for missing private an-
nuity markets and might at least mitigate the welfare losses due
to adverse selection.”

In addition to the benefits discussed above, some have argued
that social security may provide welfare gains for agents who lack
the foresight to save adequately for their retirement. For exam-
ple, Diamond [1977, p. 281] states that a “justification for Social
Security is that many individuals will not save enough for retire-
ment if left to their own devices.” Kotlikoff, Spivak, and Summers
[1982] remark on the widely held belief that the “essential
premise underlying the Social Security system . .. is that left to
their own devices, large numbers of people would fail to save
adequately and find themselves destitute in their old age.” And
according to Feldstein [1985, p. 303], the “principal rationale for
such mandatory programs is that some individuals lack the fore-
sight to save for their retirement years.”

Extensive empirical evidence is cited to support the view that
many households do not save adequately, although much of this
evidence is subject to alternative interpretations. Studies using a
wide variety of data have documented that a substantial fraction
of the United States population accumulates very little wealth
relative to its lifetime income.? The mere fact that many individ-
uals fail to accumulate large stocks of wealth does not imply that
they lack foresight, however. As Bernheim, Skinner, and Wein-
berg [2001, p. 832] note, “if saving reflects rational, farsighted
optimization, then low saving is simply an expression of prefer-
ences.” They contrast this view with one in which “households are
shortsighted, boundedly rational, dynamically inconsistent, im-
pulsive, or prone to regret.” Distinguishing between these two
points of view requires more detailed analysis of the data. Dia-
mond [1977], Bernheim [1995], and Kotlikoff, Spivak, and Sum-

1. Individuals might choose not to annuitize all their wealth if they have
operative bequest motives or wish to self-insure against large medical or nursing
home expenses.

2. Diamond [1977] discusses various rationales for a social security system
qualitatively like that in the United States. Hubbard and Judd [1987], Imrohoro-
glu, Imrohoroglu, and Joines [1995, 1999], and Storesletten, Telmer, and Yaron
[1999] evaluate the quantitative trade-off between the insurance benefits of social
security against the saving distortion and find that the cost of social security
outweighs its benefits. Also see Imrohoroglu [1999].

3. See Diamond [1977], Feldstein and Feenberg [1983], Avery, Elliechausen,
Canner, and Gustafson [1984], Diamond and Hausman [1984], Hurd [1990],
Avery and Kennickell [1991], and Hubbard, Skinner, and Zeldes [1995], among
others.
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mers [1982] provide evidence on this point by comparing observed
asset holdings with asset levels required to achieve various con-
sumption targets.*

Several papers that examine the behavior of the elderly
report a drop in consumption at retirement [Hamermesh 1984;
Mariger 1987]. Although this pattern is sometimes taken as evi-
dence of a lack of foresight, alternative explanations exist. For
example, unforeseen circumstances, possibly related to health,
may force workers into retirement, thus leading to an unantici-
pated reduction in lifetime resources and a sudden drop in con-
sumption [Hausman and Paquette 1987]. In addition, leisure (or
time spent in home production) may substitute for market goods
in providing utility in old age. Using different and more recent
data sets, Banks, Blundell, and Tanner [1998] and Bernheim,
Skinner, and Weinberg [2001] confirm the drop in consumption
around retirement. After considering several explanations, they
conclude that part of the consumption decline must be due to the
arrival of new information, with the most likely candidate being
negative innovations to the income process because workers have
overestimated their retirement income. Bernheim, Skinner, and
Weinberg [2001] state that “a broad range of standard life-cycle
considerations are collectively incapable of accounting for the
observed variation in wealth” [p. 833] and that “the empirical
patterns in this paper are more easily explained if one steps
outside the framework of rational, farsighted optimization” [p.
855].

Despite the apparently widespread view that many individ-
uals may lack the foresight to save adequately for their retire-
ment, there have been few attempts to analyze the effectiveness
of social security in mitigating the welfare costs of such under-
saving. Feldstein [1985] examines a two-period overlapping gen-
erations economy with inelastic labor supply and no uncertainty.
Individuals in his model are shortsighted in that the elderly
attach greater weight to period 2 outcomes than do the young. In
that framework, reductions in saving constitute the only welfare
cost of social security, and providing consumption for short-
sighted agents constitutes the only benefit. His findings indicate
that even if every individual is substantially shortsighted it may

4. Gale [1997] raises questions about the estimates of the adequacy of retire-
ment saving in some of these studies.
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be optimal to have either no social security system or one in which
the social security replacement ratio is very low.

An alternative modeling strategy stems from the literature
on time-inconsistent behavior and more specifically from the re-
cent literature dealing with quasi-hyperbolic discounting.® Strotz
[1956] argues that mechanisms that constrain the future choices
of agents may be desirable if their behavior exhibits time incon-
sistency. Social security may be viewed as such a commitment
device. According to Akerlof [1998, p. 187], the “hyperbolic model
explains the uniform popularity of social security, which acts as a
pre-commitment device to redistribute consumption from times
when people would be tempted to overspend—during their work-
ing lives—to times when they would otherwise be spending too
little—in retirement. . .. [SJuch a transfer is most likely to im-
prove welfare significantly.”

In this paper we examine the welfare effects of unfunded
social security on individuals with time-inconsistent preferences.
In addition to incorporating quasi-hyperbolic discounting, our
model nests the retrospective form of time inconsistency analyzed
by Feldstein [1985] and extends his framework to include a wider
range of benefits and costs of social security. In order to examine
the role of social security in an economy with time-inconsistent
preferences, we construct a model that consists of overlapping
generations of 65-period-lived individuals facing mortality risk,
individual income risk, and borrowing constraints. Private annu-
ity markets and credit markets are closed by assumption. Agents
in this economy choose the number of hours worked whenever
they are given the opportunity to do so. If they are not given the
opportunity to work, they receive unemployment insurance.
Agents in this economy accumulate assets to provide for old-age
consumption and, because they face liquidity constraints, to self-
insure against future income shocks. Elderly agents receive social
security benefits that are financed by a payroll tax on workers. At
any time after reaching the normal retirement age, they may
make an irreversible decision to draw social security benefits,
although collection of benefits does not preclude working. Indi-
viduals in this economy are heterogeneous with respect to their

5. For example, see Phelps and Pollak [1968] and Laibson [1997]. For time-
inconsistent preferences more generally, see Strotz [1956], Pollak [1968], and
Thaler and Shefrin [1981], among others.
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age, employment status, retirement status, hours worked, and
asset holdings.

In this environment social security may provide additional
utility for individuals who regret their saving decisions when
they find themselves with low consumption after retirement. In
addition, social security may substitute for missing private an-
nuity markets in helping agents allocate consumption in the face
of uncertain life spans. On the other hand, social security distorts
aggregate saving and labor supply behavior and affects the wage
rate and the interest rate. Consequently, whether or not social
security is welfare enhancing even for shortsighted agents is a
quantitative question.

II. A MODEL OF SOCIAL SECURITY

II.A. The Environment

Time is discrete and starts in the infinite past. The setup is
a stationary overlapping generations economy. At each date, a
new generation is born which is n percent larger than the previ-
ous generation. Individuals face long but random lives, and some
live through age J, the maximum possible life span. Life-span
uncertainty is described by §;, the time-invariant conditional
survival probability from age j — 1 to j. Under our stationary
population assumption, the cohort shares, {uj};’:l, are given by

J
, where >, p, = 1.

Jj=1

_ Wbk

@ A T

II.B. Preferences and Measures of Utility

Preferences are defined over sequences of lifetime consump-
tion and labor {c;,/ »}J‘»’: 1- The essence of time-inconsistent prefer-
ences is that the value agents attach to these sequences depends
on the agent’s vantage point. In particular, the agent may value
actions differently ex post than at the time those actions are
taken, and so may later regret those actions.

Social security can have potentially large effects on the av-
erage lifetime levels of consumption and labor and also on the
allocation of consumption and labor over the life cycle. The pos-
sibility that social security can improve the welfare of time-
inconsistent agents is primarily a question of whether the result-
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ing intertemporal redistributions of consumption and labor would
raise utility as viewed from at least some ages.

If preferences are time-consistent, and assuming no life-span
uncertainty, the value an agent of age j* places on the lifetime
consumption and labor sequences {c;,l1,co,l5, . . ., Cjiljx, . . ., €yl ) is
independent of the agent’s vantage point j*. If preferences are
time-inconsistent, this valuation depends onj*. We are concerned
with a particular type of time inconsistency in preferences that
can be characterized as follows. Let U; denote the marginal utility
of consumption at age j, and suppose that the values of consump-
tion and leisure in all periods of life are fixed. Also suppose that
an agent’s preferences are such that the ratio of marginal utilities
U; /U for some j* and j' > j* is larger when viewed from age j’
than from age j*. If at age j* the agent acts so as to equate this
ratio of marginal utilities (as viewed at that time) to the marginal
rate of transformation, then upon reaching age j' he will regret
having consumed so much and saved so little at age j*. We
consider two features of preferences that can lead to this sort of
regret.

Specifically, suppose that an individual of age j* has prefer-
ences over lifetime consumption and labor given by

J

2) Up= 2 87ulc,l) + ulcply) + BE. 2, 877 ule,l)).

Jj=jF+1

Here, 8, is the agent’s forward-looking discount factor and 3, is
the backward-looking discount factor. The expectations operator
in the final term accounts for mortality risk, whereas & incorpo-
rates discounting only for pure time preference. Note that utility
depends on consumption and leisure in the past as well as in
current and future periods.

Two features of this preference structure can lead to regret as
defined above. If 3, < 3§, (which we refer to as Effect 1), then
individuals place less weight on the past than they would if §; =
d;. In the extreme case where 8, = «, they attach no weight to
the past.® The parameter B = 1 allows for the possibility that,

6. Caplin and Leahy [1999] also consider a preference structure similar to (2).
They give particular attention to the case where 8, < 1 < 3,, implying that
individuals downweight both the past and the future relative to the present. Their
paper contains an extensive justification of the assumption that §, is finite (i.e.,
individuals remember and their memories matter) but greater than unity (mem-
ory may be fallible).
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viewed from today, the discount rate between this period and next
may be greater than that between any two consecutive periods
further into the future, a feature of preferences that we refer to as
Effect 2.7

Effect 2 leads not only to time-inconsistent preferences but
also to time-inconsistent behavior in the sense that the optimal
policy functions derived at age j* for agesj’ > j* will no longer be
optimal when the agent arrives at age j'. In the absence of any
commitment technology, the agent’s future behavior will deviate
from that prescribed by the earlier policy functions. Strotz [1956]
showed that, if preferences are stationary, time-consistent behav-
ior requires that the discount factor connecting any two periods
(current or future) vary exponentially as a function of the length
of the interval between the two periods. For 8, < 1, a value of
less than unity results in discount factors that decline approxi-
mately hyperbolically from period j* into the future [Laibson
1997]. Effect 1 does not lead to this sort of time inconsistency in
behavior.

Effects 1 and 2 can exist either separately or in combination,
and utility comparisons can be made accordingly. For example,
Feldstein [1985] considers Effect 1 in isolation. While much of the
recent literature on hyperbolic discounting is concerned primarily
with characterizing behavior rather than making welfare com-
parisons, some papers also contain utility analyses. A notable
example is Laibson, Repetto, and Tobacman [1998], who analyze
a life-cycle model that appears to incorporate both Effect 2 and
Effect 1 with 8, = ~.® In addition to considering Effects 1 and 2
in combination, we attempt to quantify their individual contribu-
tions to the welfare changes resulting from unfunded social
security.

The preference structure in equation (2) determines individ-
ual behavior and also constitutes the basis for making welfare
comparisons among alternative social security arrangements.
The first summation on the right-hand side of the equation is
irrelevant for determining behavior. As Deaton [1992, p. 14]

7. Equation (2) contains a third effect due to mortality risk that can cause
elderly individuals to regret not having saved more, even if their preferences
are otherwise time-consistent (3, = 8, and B = 1). If survival probabilities are
less than unity, then U, /U;. viewed from age j' will in general exceed EU, /U«
viewed from age j* for ;' > j*. Although we will sometimes refer to this feature
of the model as Effect 3, we view it as arising from the resolution of uncertainty
about survival rather than from any inherent time inconsistency in preferences.

8. We thank an anonymous referee for clarification of this point.
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notes, however, “it is important to recognize that, at best, [the
remaining expression] only represents a fragment of lifetime
preferences, albeit that fragment that is ‘live’ or ‘active’ for cur-
rent decision-making.” An analysis of the welfare effects of poli-
cies that reallocate consumption and leisure across the life cycle
requires an explicit consideration of how individuals value past
outcomes. If preferences are time-consistent (8, = 8, and B = 1)
and there is no uncertainty, then individuals of all ages agree on
the welfare ranking of policies. Thus, one can make welfare
comparisons solely on the basis of utility at birth. This procedure
implicitly assumes that the elderly value the past and, in particu-
lar, that they place the same value on outcomes in old age relative
to those in youth as does a newborn individual. The assumption
that individuals place no value on the past (3, = «) constitutes
time inconsistency in preferences and would seem to lead trivially
to the conclusion that the elderly prefer a generous social security
system.? This conclusion need not follow, however, if social secu-
rity depresses asset accumulation enough to lower consumption
even in old age.

If preferences are time-inconsistent, then a single individual
can be viewed as a collection of J individuals, each of a different
age and each with a different set of preferences. These JJ individ-
uals need not agree on their ranking of different consumption and
labor sequences. Because of the well-known difficulties in making
interpersonal utility comparisons, it is unclear which of these J
preference orderings should be given priority in judging the wel-
fare consequences of various social security arrangements.'® The
welfare rankings in Feldstein’s [1985] two-period model are based
on the preferences of an agent in the final period of life. While
arguably reasonable in the context of a two-period model, this
retrospective welfare criterion seems quite arbitrary in the 65-
period model used here. Therefore, we use equation (2) to com-
pute welfare measures as viewed from each age, denoted by W ;.
forj* =1, 2, ..., J, and we rank policy arrangements based on
these measures.'! W,. is an average of the individual U;., where
the averaging is with respect to the stationary distribution of

9. See Caplin and Leahy [1999] for persuasive arguments against taking §, = .

10. Strotz [1956] first provided such a multiagent interpretation of time-
inconsistent preferences and pointed out the difficulty of arriving at an unam-
biguous welfare criterion.

11. Laibson, Repetto, and Tobacman [1998] also compute age-specific welfare
measures in a multiperiod life-cycle model.
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individuals of age j* across employment and asset states. As
might be expected, welfare measures viewed from different ages
may disagree in their ranking of policy arrangements.

In addition, we compute a weighted average of the age-
specific indicators W;., with the weight on each W;. being the
unconditional probability of surviving from birth to age j*. This
aggregate welfare indicator is denoted W. With time-consistent
preferences, the appropriate welfare indicator is the expected
lifetime utility of a newborn individual, W,, because all of the
other indicators W;. for j* > 1 are proportional to W,;. This
simple proportionality relation breaks down if preferences are
time-inconsistent, yet the aggregate indicator W retains a certain
similarity to the expected utility of a newborn in the time-consis-
tent case. Throughout its lifetime, each newborn individual with
time-inconsistent preferences will, depending on survival, be-
come as many as J separate individuals, each with its own pref-
erence ordering. W is simply the expected value of the age-specific
indicators W;., where the expectation is taken with respect to the
unconditional survival probabilities. This criterion obeys Ram-
sey’s [1928] stricture against pure time discounting of the well-
being of future generations (or, in this instance, selves), which he
refers to as “a practice which is ethically indefensible [that] arises
merely from the weakness of the imagination.” W is also an
egalitarian criterion in the following sense. If a large cohort of N
newborn individuals is followed through life, it will ultimately
constitute N individuals of age 1, m,N individuals of age 2, wsN
individuals of age 3, etc., where m; denotes the unconditional
probability of surviving to age j. The welfare criterion W assigns
equal weights to the preferences of these (1 + g + g + . .. +
;)N individuals.

Finally, we assume that the period utility function takes the
form,

((c)®(1 — It ot
1-v

>

(3) u(Cj,lj) =

where v is the coefficient of relative risk aversion and ¢ is the
share of consumption in utility.

II.C. Budget Constraints

Agents are subject to individual earnings uncertainty. An
age- individual faces the state vector x; = (a,_,,s;,€;,b;), where
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a;_, is the stock of assets held at the end of agej — 1, s; denotes
the individual’s employment shock, €; denotes the average past
earnings at age j, and b, indicates whether an individual has
elected to collect social security benefits at age j. The individual
employment state s; € S = {0,1} is assumed to follow a two-state,
first-order Markov process. If s; = 1, the agent is given the
opportunity to work, and if' s; = 0, the agent is unemployed. The
transition matrix for the employment shock is given by the 2 X 2
matrix II(s’,s) = [m;,], where m;,;, = prob{s; . ; = k|s; = [}. The
vector of choice variables is y; = (a,c;,/;), where a; indicates the
stock of assets held over to the next age, c; is consumption and /;
is labor supply at age j. In addition, at any age j = jp — 1
individuals may make an irreversible decision to begin collecting
social security benefits next period.

The budget constraint facing an age-j individual is given by

(4) cj+aj=(1+r)aj_1+sjw€jlj—Tj+ Qj+Mj+§,

where r is the real interest rate, w is the wage per efficiency unit
of labor, €; is the efficiency index of an individual of age j, T is
taxes paid by an age-j individual, €; and M, are retirement and
unemployment insurance benefits received by an age-j individ-
ual, respectively, and & is a lump sum, per capita government
transfer received by an individual. Unemployment insurance
benefits are given by

0 s=1,
(5) Mj - [d)nglj s = 0,

where ¢ is the unemployment insurance replacement ratio.

We model the social security system to mimic the actual
United States system in several important respects. The piece-
wise-linear benefit formula incorporates a partial linkage be-
tween benefits and lifetime labor earnings, and the constant
social security tax rate applies only to earnings up to a cutoff
point. This cutoff point and the kink points in the benefit formula
are indexed for productivity growth. Finally, elderly individuals
may continue to work with no reduction of benefits.'? The social
security policy parameter varied in our experiments is the tax

12. Although this assumption is inconsistent with the most recent legislation
on this issue, it appears not to have a great effect on the welfare effects of social
security. In some unreported experiments retirement is mandatory in the sense
that agents are prohibited from working at age j or later. The welfare effects are
qualitatively very similar to the endogenous retirement case.
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rate. The replacement rates along the different segments of the
benefit formula are adjusted upward or downward in equal pro-
portion so that the system’s budget balances.

Taxes paid satisfy

(6) T] = TLj + To'Aj-1 + (Tl + Tg + Tu)wsjl] + K,

where 7., 74, T;, T, and 7, denote the tax rates for consumption,
capital income, labor income, social security and unemployment
insurance, respectively, and k denotes accidental bequests.

Individuals are assumed to face borrowing constraints, so
thata; = 0,7 =1,2,...,d.

II.D. An Individual’s Dynamic Program

We will restrict attention to Markov Equilibria and therefore
rely on recursive methods to characterize them. When prefer-
ences are time-consistent, i.e., B = 1, the individual’s dynamic
program is a standard backward recursion.'?

When B < 1, we have to attribute a particular belief to the
individual concerning how he thinks his future selves will be-
have. We consider two cases. In one case, we assume that the
individuals are naive in the sense that they think that the future
selves will solve the B = 1 (time-consistent) problem despite a
history of violating this belief. Let V;(x) be the (maximized) value
of the objective function of an age-j agent with state x = (a,s,e,b).
V.(x) is computed as the solution to the dynamic program,

(7) Vi(x) = max {u(cl) + Baf¢]+1E (x}, j=1,2,...,d,
yeN(x)

where the notation E,. means that the expectation is over the

distribution of s’, and ;(x) denotes the individual’s constraint

set. In the program (7), the continuation payoff Vj(x) is computed

forj=1,2,...,dJ from

Vj(x) = max {u(e,l) + qu;JHE (x")}.
yEQ(x)
Note that for 8 = 1, V; and Vj coincide for all j and the decision
rules are time-consistent. For § < 1, however, the behavior rep-
resented by the decision rules is time-inconsistent.!* A stationary

13. See Sargent [1987] and Stokey and Lucas [1989].

14. Inrecent work on time-inconsistent behavior, Giil and Pesendorfer [1999]
propose an alternative preference structure by explicitly modeling disutility from
commitment. They show that all the axioms of expected utility are satisfied under
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solution to this dynamic program will consist of a set of value
functions {V(x)}J 1, decision rules {A;(x),C;(x), L; (x)}J 1 and
measures of agent types {\; (x)} _1. The latter are computed using
the forward recursion,

Na) =2 D (s8N (%),

s a:a'EAj(x)

given an initial measure of agent types \y(x).

Most of our computations rely on the alternative assumption
that individuals are aware that their future selves will not com-
pute continuation payoffs Vj(x) according to the recursion shown
above. Instead, they assume that their future selves will also
engage in quasi-hyperbolic discounting. This case requires more
care in computing the value functions and the policy rules. Define
the value functions from the “sophlstlcated B < 1”7 problem by V
and the associated policy functions by ¢; l i, and 4;. We can
compute these functions from the recursion,

V](x) = max {u l) + Baf¢]+1E +1( Cit+1, ]+1)}

yEQ;(x)

where the V¥ sequence is computed by

V?(x) = u(c l) + 8f¢]+1E +1( Cj+1, ]+1)

and reflects the fact that this is not the usual continuation payoff
function in the dynamic program since self j has no control over
the choices of selfj + 1 and therefore must take the future self’s
optimal plan as given. This explains the absence of the “max”
operator in the above computation.'®

Given these decision rules and an initial distribution of
agents, we compute the measures of agent types using the for-
ward recursion,

Na) =2 2 (s s)N ().
s awa'Edj(x)
ILLE. Aggregate Technology

The production technology of the economy is given by a
constant returns to scale Cobb-Douglas production function

their specification, which allows one to utilize the Stokey and Lucas [1987]
theorems on the existence and characterization of resulting dynamic programs.

15. See Imrohoroglu, Imrohoroglu, and Joines [2000] for a detailed descrip-
tion of the computations for the “sophisticated B < 1” case.
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(8) Y = BK' °L®,

where o € (0,1) is labor’s share of output, and K and L are
aggregate inputs of capital and labor, respectively. The total
factor productivity parameter B > 0 is assumed to grow at a
constant, exogenously given rate, ap > 0, implying that steady-
state per capita output grows at rate p. The aggregate capital
stock depreciates at the rate d. Firm maximization requires

K —a 1-a
9) r=(1—o¢)B(f) —dandeOLB(IZ() .

IL.F. Government

There is an infinitely lived government that taxes consump-
tion and income from labor and capital at constant rates of 7., 1,
and T,, respectively, and makes purchases of goods of G per
period. Any excess of revenues over purchases is distributed as a
lump-sum transfer to all individuals. The government also main-
tains pay-as-you-go social security and unemployment insurance
programs with benefits financed by payroll taxes with constant
rates 7, and T,, respectively. The budget of each of these social
insurance programs is balanced on a period-by-period basis.
There is no government debt.

II.G. Stationary Equilibrium

A government policy is a set of parameters
(G,7.,74,71,Ts,Tu,d,E}. An allocation is given by a set of decision
rules {Aj(x),Cj(x),Lj(x)};’:l, and measures of agent types
{)\j(x)};»’:I. A price system is a pair {w,r}. A Stationary Recur-
sive Equilibrium is an allocation, a price system, and a govern-
ment policy such that

® the allocation solves the dynamic program for all individ-

uals, given the price system and government policy,

® the allocation maximizes firms’ profit by satisfying (9),

® the allocation and government policy satisfy the govern-

ment’s budget constraints, and,

® the commodity market clears.

We specify the optimization problem of the individual as a
finite-state, finite horizon, dynamic program and use numerical
methods to compute stationary equilibria under alternative social
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security arrangements.'® Before turning to the results of these
simulations, however, we first present a stripped-down version of
our general model and derive some analytical results about the
ability of unfunded social security to raise the welfare of quasi-
hyperbolic discounters.

ITI. A SiMPLIFIED EXAMPLE

Consider a simple economy populated by naive quasi-hyper-
bolic discounters who live for three periods and face no uncer-
tainty about either their life span or their earnings, who supply
labor inelastically during the first two periods of life, and who are
retired during the final period.!” Preferences are such that 3, =
o; and the period utility function is logarithmic. Individuals live
in an endowment rather than a production economy, and the
(labor income) endowment over the life cycle is given by
{w,,w,,0}. They can lend, and possibly borrow, at a fixed, risk-
free interest rate r = 0. For simplicity, the rates of population
growth and technical progress are set to zero, so that the rate of
return on unfunded social security is also zero. There is no gov-
ernment other than an unfunded social security system that
taxes labor income at a constant rate 7, and pays a lump-sum
retirement benefit b. Because we restrict attention to steady
states, we do not have time subscripts.

A newborn agent faces the following budget constraints:

cita;=(1-r1)w,

Cz"l‘azz (]. _Ts)w2+ (]_ +r)a1

cs=(1+r)a,+b,
where ¢, ¢y, and c5 are consumption at ages 1, 2, and 3, respec-
tively, and a; and a, are asset holdings at ages 1 and 2, respec-
tively. If there are no restrictions on borrowing, so that a; and a,
can take on negative values, these three constraints can be com-

bined into a single present-value budget constraint:
Co Cs -1 n (]. - TS)LUZ n b .
cl+1+r+(1+r)2_( TWs 1+r 1+r?

.

16. For more, detailed information on the description of the model and solu-
tion method, see Imrohoroglu, Imrohoroglu, and Joines [2000].

17. The restriction to naive behavior is not crucial. Qualitatively similar
results could be derived for sophisticated agents.
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The unfunded nature of the social security system implies that
b = 1,(w; + wy).
A newborn agent ranks lifetime consumption according to

Inc, + BB Inc, + 8% In ¢5), where d = 3, = 3,.

When B = 1, preferences are time-consistent. When B < 1, pref-
erences are time-inconsistent and an individual’s preference or-
dering over a given set of lifetime consumption sequences will in
general change as the individual ages. The three age-specific
utility indicators u;« for j* = 1, 2, 3 are

u;=1Inc; + B Incy, + 8% In cy),

uy=98"'Inc; +1lnc, + Bdlncs,

u;=32Inc, +d3 'lncy, +1nc,.

We first consider the case with no restrictions on borrowing.

An individual with time-consistent preferences (3 = 1) would
choose the consumption sequence
EEEDE
co=90(1+r)cy,
c3=938(1+ r)c,.

Ci

A naive individual with B < 1 would choose the following con-
sumption sequence at age 1:

v,
1+ +0)
c3 = B3(1 + r)ci,
c3=93(1+ r)es.

10) c1

On reaching age 2, however, the naive individual would reopti-
mize and choose the following allocation for the two remaining
periods of life:

v,
1+ B’
3 = Bd(1 + r)cy,

(11) 5=

where

b 31+ )1 +r)
L WA T R

Vo=1+r)a;+ (1 — 1w,
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Substituting this expression into that for period 2 consumption

reveals that

BS(1L+8)(1+7r)
1+ Bd

ci= cl.

It is immediately apparent that if B = 1, the reoptimized values
are the same as those planned at age 1, and these are in turn
equivalent to those chosen by the individual with time-consistent
preferences.

With no restrictions on borrowing, consumption at each age
is proportional to initial wealth, ¥,. The proportionality factors
vary with age and depend on preference parameters and the
interest rate, but they are independent of the parameters of the
social security system. Unfunded social security affects consump-
tion only through its effects on wealth, which can be rewritten as

Ts

Wy
+1+r_(1+r

v, =w, B {1+ 72— 1w, + rw,}.

If the interest rate is positive (or, more generally, greater than
the growth rate of aggregate labor income subject to the social
security tax), an increase in the tax rate lowers ¥,, resulting in
equal proportionate reductions in consumption at each age, irre-
spective of the value of B. If the interest rate is zero (or, more
generally, equal to the growth rate of aggregate labor income
subject to the social security tax), then consumption at each age
is independent of the social security tax rate. Thus, we have
demonstrated

ProrosiTiON 1. In the absence of binding constraints on borrowing
during working years, an unfunded social security program
does not reallocate consumption from working to retirement
years.

A naive individual who faces a binding constraint on borrow-
ing in the first period of life chooses the consumption sequence,
c1=(1-—-1)w,,

v,
= T 55
c3 = B3(1 + r)cy,

where ¥, is as defined above, with a; = 0. The likelihood that the
period 1 borrowing constraint binds in the absence of social se-

Co



TIME-INCONSISTENT PREFERENCES AND SOCIAL SECURITY 761

TABLE 1
A NUMERICAL EXAMPLE

w1 0.65 0.5 0.35

wy 0.35 0.5 0.65

Ts 0.2 0.0 0.1 0.2 0.0 0.1 0.2
cq 0.494 0.494 0.450 0.400 0.350 0.315 0.280
cy 0.329 0.329 0.357 0.390 0.422 0.445 0.468
cs 0.178 0.178 0.193 0.210 0.228 0.240 0.252
U, -2.15 —-2.14 -2.15 -2.18 —2.23 -2.29 -2.35
Uy —2.83 —2.83 -2.81 —2.80 —2.83 —2.86 —2.92
Ug -3.84 -3.84 -3.78 -3.74 -3.73 -3.75 -3.79

curity depends on the preference parameters 8 and 8, the interest
rate r, and the shape of the lifetime earnings profile.

A few simple numerical examples can be used to illustrate
the scope for unfunded social security to redistribute consump-
tion across the life cycle and to raise utility as viewed from old
age. Table I shows the consumption profiles and age-specific
utility indicators u;. associated with different earnings profiles
and social security tax rates. In each case, the preference parame-
ters are set to 8 = 0.9 and B = 0.6. Individuals are unable to
borrow against future income, and the interest rate on private
assets is assumed to be zero. Because the rate of return on social
security contributions is also zero, social security does not affect
initial wealth, which is equal to 1.0 in each example.

The borrowing constraint does not bind with an earnings
profile of {0.65,0.35,0} and a social security tax rate of 20 percent,
and it obviously would not bind with any lower social security tax
rate. The resulting consumption allocation and utility indicators
are thus unaffected by any social security tax rate less than 20
percent and are the same as those that would result if there were
no borrowing constraint. Almost half of total consumption occurs
in the first period of life.

With an earnings profile of {0.5,0.5,0}, the borrowing con-
straint just fails to bind in the absence of social security, but does
bind with tax rates of 10 or 20 percent. In this case, social security
redistributes consumption from period 1 to later periods. This
redistribution lowers lifetime utility as viewed from the first
period of life but increases utility as viewed from later periods.

In the last example, earnings rise over the working career,
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and the borrowing constraint binds even in the absence of social
security, so that period 1 consumption is about 30 percent below
its unconstrained value. Social security raises consumption in
periods 2 and 3, but at the cost of further reductions in the
already constrained period 1 consumption. The effect of this re-
distribution is to lower lifetime utility as viewed from any age.'®

These examples demonstrate that, in the absence of opera-
tive borrowing constraints, unfunded social security does not
raise the old-age consumption of either exponential or quasi-
hyperbolic discounters. Whether or not an unfunded social secu-
rity system raises steady-state welfare viewed from old age is a
quantitative question whose answer depends on the preference
parameters B and 3, the shape of the age-earnings profile, and
other features of the economy. In addition, unfunded social secu-
rity may have general equilibrium effects on the capital stock and
factor prices that are ignored in the simple examples shown
above. A more detailed and carefully calibrated general equilib-
rium model that takes into account these and other realistic
features of the United States economy is required to address this
quantitative question. The model should incorporate a labor effi-
ciency profile (as a function of age) that matches the one observed
in the United States economy, and it should generate saving
behavior that results in an empirically plausible wealth-output
ratio. We now turn to the calibration and simulation of such a
model.

IV. CALIBRATION OF THE MODEL EcoNomYy

In order to obtain numerical solutions to the model, we must
choose particular values for the parameters. We calibrate our
model under the assumption that the model period is one year.

Individuals are assumed to be born at the real-time age of 21,
and they can live a maximum of J = 65 years. After real-time age
85, death is certain. The sequence of conditional survival proba-
bilities {Ll;j};»’:l is taken from Faber [1982]. The growth rate of
population is taken to be 1.2 percent per year, the historical
average in the United States over the last 50 years. The age at
which agents become eligible for social security benefits, jz, is
taken to be equal to 45, which corresponds to a real-time age of

~ 18. This effect has been noted by Hubbard and Judd [1987] and imrohoroglu,
Imrohoroglu, and Joines [1995].
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65. The efficiency index €; is intended to provide a realistic cross-
sectional age distribution of wages at a point in time. This index
is taken from Hansen [1993], interpolated to in-between years,
extrapolated to model age 65, and then normalized to obtain an
average of unity overj = 1, 2, ..., 65.

The unemployment insurance replacement ratio, ¢, is taken
to be 25 percent of the employed wage. The employment transi-
tion probabilities are chosen to make the probability of employ-
ment equal to 0.94, independent of the availability of the oppor-
tunity in the previous period.

In line with recent practice, we set the preference parameters
8¢, B, and vy so as to match the economy’s observed wealth accu-
mulation behavior as measured by an empirical wealth-output
ratio of 2.52.'? This single ratio is not sufficient to pin down the
values of all three preference parameters. The wealth-output
ratio in our model economy is positively related to the discount
factors 3, and B and negatively related to the risk aversion coef-
ficient y. Various empirical studies suggest that a coefficient of
relative risk aversion in the neighborhood of 2 is a reasonable
base case, and we also consider vy = 1 and 'y = 3 as alternatives.
We choose three values of B a priori: (i) 0.85, the value used by
Laibson, Repetto, and Tobacman [1998], (ii) a value of 0.90, re-
flecting a milder degree of short-term impatience, and (iii) a value
of 0.60, incorporating a relatively high short-term discount rate.
For each combination of y and B we search over values of 8, to find
the one that best matches the observed wealth-output ratio of
2.52, assuming a social security tax rate of 10 percent. We take
the share of consumption in the utility function, ¢, to be 0.33, in
line with Rios-Rull [1996]. This value generates an average labor
input corresponding to about 30 percent of discretionary time for
all values of the other preference parameters that we consider.
The parameter 8, does not affect any observable quantities, so we
choose different values a priori.

The parameters describing production technology are chosen
to match long-run features of the United States economy. The
growth rate of per capita output p, is set to 0.0165, which is the
average growth rate of output per labor hour between 1897 and
1992. The remaining technology parameters a and d are calcu-
lated from annual data since 1954. Our calculations imply a

. 19. For a discussion of the empirical wealth output ratio, see imrohoroglu,
Imrohoroglu, and Joines [1999].
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TABLE II
TIME-CONSISTENT PREFERENCES

7, (%) w r Y C I K L CV (%)

0 2.665 0.060 1.120 0.698 0.242 3.331 0.301 0.00
2622 0.064 1.092 0.684 0.227 3.127 0.298 1.05
2.487 0.068 1.068 0.672 0.215 2.962 0.296 2.10
2.455 0.071 1.046 0.661 0.205 2.817 0.294 3.08
2419 0.075 1.022 0.648 0.194 2.665 0.291 4.45
2.384 0.079 1.000 0.635 0.183 2.522 0.289 5.91

S 00N

v = 20,8 = 1.00578, g = 1.0, B = 1.7652.
f

factor share of 0.690 for labor and an aggregate depreciation rate
of capital of 0.044. The technology parameter B is normalized to
obtain an output of 1.0 in the model’s “base period.” Per capita
quantities in this economy grow at a rate of p per period.

We calibrate the tax rate on consumption as 5.5 percent, the
tax rate on interest earnings as 40 percent, and the tax rate on
labor income as 20 percent. Government purchases of goods and
services are set to 18 percent of output for the base case. These
tax rates and government purchases are held constant as we vary
the social security tax rate.?°

V. REsuLTS

We start this section by examining some of the properties of
an economy in which all individuals exhibit time-consistent pref-
erences (3, = d;and B = 1). This economy will serve as a point of
comparison when we later analyze the effects of unfunded social
security on economic behavior and welfare in economies popu-
lated by individuals with time-inconsistent preferences.

The time-consistent economy is calibrated to match the em-
pirically observed capital-output ratio of 2.52 at a social security
tax rate of 10 percent. Table IT shows the properties of the steady
state of this economy at various social security tax rates. With a
10 percent tax rate, the steady-state consumption-output ratio is
0.635 and the investment-output ratio is 0.183. Because this is a
closed economy, the investment-output ratio is also the saving

- 20. For a detailed description of the calibration strategy, see Imrohoroglu,
Imrohoroglu, and Joines [2000].



TIME-INCONSISTENT PREFERENCES AND SOCIAL SECURITY 765

rate. As the social security tax rate is lowered toward zero, we
observe a monotonic increase in the capital stock, investment,
and consumption. Complete elimination of the pay-as-you-go so-
cial security system raises the saving rate to 0.216 and generates
32 percent more capital, 4 percent more work effort, 12 percent
higher output, and 10 percent more consumption than an econ-
omy with a 10 percent social security tax rate. Because the
change in work effort is relatively small in all of the economies we
consider, we do not report it in subsequent tables.

The last column of Table IT examines the welfare at birth of
an individual born into the steady state corresponding to each
social security tax rate. The relevant welfare criterion is expected
lifetime utility as viewed from age 21, the first period of economic
life in our model. This criterion, denoted W, is described in
subsection II.B and is based on equation (2). According to this
criterion, welfare is maximized at a zero tax rate. We can mea-
sure the welfare cost of being born into an economy with social
security as the consumption supplement (compensating varia-
tion) needed to equate the welfare of a newborn individual in that
economy to the welfare of an individual born into an economy
with no social security. The compensating variation is computed
as a fixed percentage increase in consumption at each age. The
last column of Table II shows these compensating variations,
denoted CV. The welfare cost increases faster than linearly in the
tax rate so that at a tax rate of 10 percent, individuals would
require an increase in annual consumption of 5.91 percent to
compensate them for living in a world with unfunded social
security.

If there were no possibility of dying before the maximum
possible age J, then the compensating variation for agents with
time-consistent preferences would be the same when viewed from
any age. The age-specific welfare criteria W;. defined in subsec-
tion II.B, however, are contingent on survival to age j*. A pay-
as-you-go social security system taxes all workers but pays bene-
fits only to those who survive to retirement, effectively raising the
rate of return to survivors. Because of this actuarial reward for
survival, it is possible that individuals who reach sufficiently
advanced ages might prefer social security even if a newborn
individual does not, a feature of the model that we refer to as
Effect 3 above. For the economy described here, however, W;. is
maximized at a social security tax rate of zero for all j*. Although
individuals of all ages prefer a world without social security, the
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intensity of their aversion declines with age, reflecting the reward
to survival. The compensating variation required to make indi-
viduals indifferent between living in an economy with a social
security tax rate of 10 percent and an economy with no social
security declines to 5.76 percent of lifetime consumption when
viewed from age 41, to 4.87 percent when viewed from age 61, and
to 2.67 percent when viewed from age 81. The fact that even the
elderly do not favor unfunded social security is due primarily to
the effects of such a system in lowering the aggregate capital
stock and lifetime earnings and consumption.

In the remainder of this section, we first examine how social
security affects economic behavior if preferences are time-incon-
sistent. We then report welfare effects and finally perform a
couple of sensitivity analyses.

V.A. Time-Inconsistent Preferences and Behavior

Consider behavior in a world populated by quasi-hyperbolic
discounters (3 < 1). Preferences of this sort are characterized by
a current one-period discount rate that is higher than future
one-period discount rates. This high short-term impatience leads
quasi-hyperbolic discounters to postpone saving, and continual
deferral may lead these individuals to enter retirement with
substantially lower assets than exponential discounters. We ex-
amine how quasi-hyperbolic discounting affects aggregate capital
accumulation, output, and consumption, as well as the allocation
of consumption over the life cycle. We also examine how quasi-
hyperbolic discounting affects the responses of these variables to
changes in the scale of unfunded social security.

If B < 1, the optimal policy functions derived at age j* for
agesj' > j* will no longer be optimal when an individual arrives
at age j'. As a consequence, the age-j' individual will in general
deviate from the policy rules derived at any earlier age. We
assume that individuals are aware of this feature of their own
behavior and that they choose current consumption, saving, and
work effort optimally, taking into account the behavior of their
future selves.?!

If social security is to constitute a welfare-improving policy

21. As with the exponential economy described in Table II, we require that
economies with quasi-hyperbolic discounters and a 10 percent social security tax
rate generate a capital-output ratio that matches the historical United States
average. We do this by appropriately choosing the standard discount factor §, for
each value of B so that each (3,,B) pair results in a capital-output ratio of 2.52.
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TABLE III
PERFECT COMMITMENT TECHNOLOGY
vy =20 vy=1.0
B = 0.90 B =0.85 B =0.90
A. Behavior
K 114.0 121.3 116.1
Y 105.2 107.6 105.8
C 103.4 104.9 103.7
B. Compensating variation
Wai 3.28 4.49 3.74
Wy 3.20 4.62 3.75
Wei 3.25 4.50 3.73
Ws, 4.68 7.07 5.09

intervention in an economy with this sort of time inconsistency
but not in a world of time-consistent preferences, one would
expect to find an economically significant influence of quasi-
hyperbolic discounting on observable behavior. Before reporting
the results of our social security experiments, we wish to estab-
lish a standard against which to compare the effects of unfunded
social security, first on observable behavior and then on welfare.
Our standard is a world in which individuals have a technology
that allows them to commit at age 20 to a state-contingent path of
lifetime consumption and work effort. From age 21 until death,
these individuals follow decision rules that are the same as those
implied by 8 = 1. Behavior is thus the same as in the exponential
economy, although welfare as viewed from each age is calculated
using the appropriate value of B (<1).

Table III summarizes the consequences of a perfect commit-
ment technology for three configurations of preference parame-
ters that we consider in more detail below. The table first reports
the levels of capital, output, and consumption, each scaled rela-
tive to a value of 100.0 in the no-commitment case without social
security. It then gives the value of the commitment technology,
expressed as a fixed percentage increase in consumption at each
age in the no-commitment case that makes individuals as well off
as having the commitment device. These compensating variations
are computed using preferences as viewed from four different
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FIGURE 1

Age-Consumption Profiles

ages.?? The commitment technology results in higher steady-
state levels of aggregate capital, output, and consumption. The
curve labeled “tr = 0%” in Figure I is the age-consumption profile
of individuals with vy = 2.0, B = 0.90, no social security, and no
commitment technology. The figure also shows the age-consump-
tion profile for the same individuals with a perfect commitment
technology. Such a technology increases consumption at all ages,
and the increase is most pronounced during retirement years.
The increase in consumption throughout the entire life cycle is

22. The fact that these compensating variations are not monotonic in age is
not an anomaly but is rather a natural feature of the preference structure we
employ. With 3, = §,, individuals of ages 21 and 85 have preference orderings
over lifetime consumption sequences that are quite similar except for the effects
of mortality risk. For example, assume that 5, = 8, = 1.0, B = 0.8, and the
conditional survival probabilities are s; = 1.0 for a{l ages up to the maximum
possible age of 85. With these preferences, an 85-year-old attaches a weight of 1.0
to the utility of consumption at each age. A 21-year-old has the same preferences
except that he attaches a weight of 1/8 = 1.25 to currently utility. These two
preference orderings are more similar to each other than either is to the prefer-
ences of, e.g., a 41-year-old, who attaches a weight of 1.0 to the utility of consump-
tion at ages 42—-85 and a weight of 1.25 to the utility of consumption at ages
21-41. These considerations suggest that the compensating variation numbers (i)
should vary nonmonotonically as a function of age and (ii) should be similar in the
first and last periods of life. Introducing mortality risk overturns the second of
these predictions since 21-year-olds discount future utilities because of such risk,
whereas elderly individuals evaluate lifetime utility conditional on having sur-
viv