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This paper studies the impact of an unfunded social security system on the distribution of altruistic
transfers in a framework where savings are due to both life cycle and random altruistic motivations.
We show that the effect of social security on the distribution of these transfers depends crucially on the
strength of the bequest motive in explaining savings behaviour. We measure this strength by the expected
weight that individuals attach to the utility of future generations. On the one hand, if the bequest motive is
strong, then an increase in the social security tax raises the bequests left by altruistic parents. On the other
hand, when the importance of altruism in motivating savings is sufficiently low, the increase in the social
security tax could result in a reduction of the bequests left by altruistic parents under some conditions on
the attitude of individuals toward risk and on the relative returns associated with private saving and social
security. Some implications concerning the transitional effects of introducing an unfunded social security
scheme are also discussed.

1. INTRODUCTION

The effects of the social security system both on capital accumulation and on wealth distribution
have received a great deal of attention among economists. Since most studies have considered
life cycle economies with non-altruistic agents, the effects of social security on altruistic transfers
have been mostly neglected. This seems an important omission since there is substantial evidence
that intergenerational transfers are crucial for understanding capital accumulation and wealth
distribution in the U.S. economy (see, for instance Kotlikoff and Summers, 1981).

This paper studies the impact of an unfunded social security system on the distribution of
altruistic transfers in a framework where savings are due to both life cycle and random altruistic
motivations. We show that the effect of social security on that distribution depends crucially
on the importance of the bequest motive in explaining savings behaviour. We parametrize this
importance by the expected weight that individuals attach to the utility of future generations. If
the bequest motive is strong, then an increase in the social security tax raises the bequests left by
altruistic parents. However, when the importance of altruism in motivating savings is sufficiently
low, the increase in the social security tax could result in a reduction of the bequests left by
altruistic parents under some conditions.

In this paper we develop a model where individuals save for both altruistic and life cycle
motives that is simple enough to study distributional issues analytically. Individuals will live for
two periods and they will work only during the first period. When individuals are young, they
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save to finance their consumption during the second period of their life. Altruism is modelled as
an uninsurable random shock on preferences as in Escolano (1992) and Dutta and Michel (1998)
among others. However, in the latter paper individuals are assumed to live only for one period
and all the savings accrue from the bequest motive. Of course, by not allowing the coexistence
of at least two generations in the same period, such a framework is not suitable to analyse the
effects of theinter vivostransfer implicit in the pay-as-you-go (PAYG) social security system.

In our model individuals face an idiosyncratic shock that determines whether they love their
children or not. The shock on altruism implies in fact that the intertemporal discount rate of
utility is a random variable. Therefore, individuals will save to finance both their second period
consumption and the transfer they will make to their children in case they turn out to be altruistic.

We characterize the distribution of altruistic transfers at the stationary equilibrium and study
how this distribution changes with the social security tax. In this economy, the bequest motive is
operative for altruistic agents depending on the values of both the interest and the discount rates.
If the bequest motive is not operative at the stationary equilibrium, social security does not affect
the long-run distribution of altruistic transfers since this distribution remains degenerate at zero.
However, when the bequest motive is operative, social security affects the long-run distribution
of transfers. Whether it increases or decreases the size of altruistic transfers depends both on the
strength of the bequest motive as measured by the expected weight that individuals attach to the
utility of future generations and on the return of social security relative to the return of capital.

We find that altruistic transfers increase with the size of pensions when the bequest motive
is operative at the steady state and the probability of being altruistic is sufficiently high. Since an
increase in pensions imposes higher mandatory transfers from the young to the old, altruistic
parents find optimal to increase the size of the bequests they leave to their children. In the
limit case of a probability of being altruistic equal to one, the increase in the voluntary transfers
completely offsets the mandatory transfers of the PAYG social security system (see Barro, 1974).
Therefore, when only a small subset of individuals are non-altruistic, a higher pension tax sparks
off an increase in the wealth gap between children born in selfish families and children born in
altruistic ones.

On the contrary, altruistic transfers can decrease with pension benefits when the expected
weight that individuals attach to the indirect utility of their direct descendants is sufficiently
low. More precisely, we prove that, if preferences exhibit decreasing absolute risk aversion
and the return from saving is greater than the return of the social security system (which is
given by the rate of population growth), such a decrease of transfers takes place and, thus, the
wealth gap between “lucky” children born in altruistic families and “unlucky” children born in
selfish ones becomes smaller. The intuition behind this result is one of insurance: individuals
face wealth uncertainty because altruistic transfers are random. When the return from saving is
greater than that of the social security, an increase in the social security tax reduces the present
value of individuals’ lifetime income. Thus, with decreasing absolute risk aversion, in which
case individuals dislike risk more the poorer they are, parents reduce the transfers they make
S0 as to reduce the next period gap between consumption in the event of being altruistic and
consumption in the event of being selfish. These lower transfers translate in fact into a reduction
in the wealth uncertainty of their children, which in turn results in a lower wealth gap between
lucky and unlucky children.

Another result of our paper refers to the transitional effects of social security. As we have
said, the altruistic individuals of the economy could decide not to leave bequests in the steady
state, that is, the bequest motive could be non-operative under some parametric restrictions (see
Weil, 1987). In this case, the introduction of an unfunded social security system could force
altruistic individuals to leave some bequests so as to absorb the initial impact of the mandatory
transfers inherent in the social security system. Of course, non-altruistic individuals will remain
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leaving zero bequests. Therefore, the introduction of social security could induce a transitional
dynamics characterized by inequality in the distribution of wealth at birth. Such effect is just
transitory since the bequests left by all the individuals will converge to zero in the long run.

Among the papers analysing the impact of fiscal policies on the distribution of bequests,
we should mention the ones of Becker and Tomes (1979), Bevan and Stiglitz (1979) Atkinson
(1980) and Davies (1986). These authors focus on intragenerational redistributive policies and
their effects on wealth and income distribution. Our paper contributes to this literature with an
analytical study on the effects of a PAYG social security system on the distribution of altruistic
transfers.

The papers of Abel (1985) and Michel and Pestieau (1998) deserve special attention since
they also look at the distribution of intergenerational transfers. Abel (1985) analyses the impact of
social security in a framework where bequests are accidental and only arise because of lifetime
uncertaintyt He finds that social security reduces accidental bequests, since it annuitizes the
wealth of individuals. In his model the fraction of savings made compulsory by the social
security is returned as a pension only if the corresponding individual survives. Therefore, thanks
to this public provision of annuities, individuals will make less voluntary savings and thus
accidental bequests will be smaller. Obviously, this results in a reduction of the intracohort
variance of wealth. Michel and Pestieau (1998) consider instead a model where bequests
are altruistically motivated and they obtain a non-degenerate distribution of intergenerational
transfers by assuming that there are two types of dynasties: the altruistic and the selfish ones.
In this case individuals know when they are young whether they are altruistic or not and, hence,
they do not face any kind of individual risk. Obviously, an increase in the social security tax
in this scenario would always increase the bequest left by all the altruistic agents in order to
undo the transfer imposed by the social security system. This will also increase the wealth gap
between the two types of dynasties, which is exactly the opposite of the result obtained by Abel.
In our model we find that the distributional effects of social security could be ambiguous in the
long run when the bequest motive is operative depending on the expected strength of that motive.
This result differs from those obtained by Abel and Michel and Pestieau since, unlike Abel, we
characterize the impact of PAYG social security on the distribution of intergenerational transfers
when these are not accidental but altruistically motivated and, unlike Michel and Pestieau, the
strength of the bequest motive is uncertain from the young individuals’ viewpoint. Therefore, our
model provides a unified framework were the aforementioned opposite effects could take place.

In a related paper Karni and Zilcha (1989) examine the effects of social security on income
distribution. They emphasize the fact that, due to general equilibrium effects, social security
decreases the return of labour relative to the return of capital. This effect leads to an increase
in income inequality in their model because the only source of heterogeneity is an exogenous
distribution of bequests (or initial capital). In contrast, our paper focuses on the effect of social
security on the distribution of bequests, which is no longer viewed as exogenous.

We should point out that random altruism can be interpreted as a shock on the intertemporal
discount rate of utility and that recently some authors have used models with stochastic discount
factors? In fact, random discounting has proven a useful device for generating realistic wealth
heterogeneity in quantitative models.

An extensive empirical literature shows thater vivos transfers and bequests play a
significant role in real economies. For instance, Kotlikoff and Summers (1981) find that at least
80% of the U.S. capital stock is accumulated fromer vivostransfers and bequests, Gale and

1. Among other papers analysing the effects of social security under uncertain lifetimes we could mention the
ones of Sheshinsky and Weiss (1981) and Eckstein, Eichenbaum and Peled (1985).
2. See, for instance, Krusell and Smith (1998) or Karni and Zilcha (2000).
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Scholz (1994) focus on the importanceiter vivostransfers in the U.S. economy, Laitner and
Juster (1996) find that 50% of individuals save to leave an estate, Wolff (1999) shovrgé¢nat
vivostransfers account for about one third of the lifetime accumulation of wealth in the U.S. for
the period 1962-1992 and Mirer (1979) finds that retired individuals tend to increase their wealth
over time. Furthermore, intergenerational altruism appears one of the most likely candidates for
explaining such a substantial amount of intergenerational transfers. For instance, recent empirical
work has found evidence that private transfers are increasing in the income of the donor and
decreasing in the income of the recipient (see, for example Cox, 1987). Moreover, Leimer and
Lesnoy (1982) find that private savings respond by very little to the existence of social security
in the U.S. economy, which is consistent with the altruistic motive for savings. Of course, other
explanations of the process leading to intergenerational transfers have been proposed like, for
instance, strategic behaviour (Bernheim, Schleifer and Summers, 1985), joy-of-giving (Yaari,
1965) or the existence of an incomplete annuity market (Kotlikoff and Spivak, 1981). However,
Bernheim (1991) argues that intergenerational transfers are not a consequence of incomplete
annuity markets. In particular, he finds that social security annuity benefits decrease private
annuities and increase life insurance holdings among elderly individuals, which is consistent
with the existence of a bequest motive. However, the alternative theories aimed at explaining
intergenerational transfers are not mutually exclusive and the available empirical evidence is not
conclusive either. In particular, altruism-motivated transfers seem to play an important role for
individuals enjoying high levels of income and wealth (see Hurd, 1987).

The paper is organized as follows. The next section describes the economic environment and
the problem faced by individuals. Section 3 studies the dynamics of altruistic transfers and the
operativeness of the bequest motive both in the short term and in the long run. Section 4 shows
the existence and uniqueness of the invariant distribution of altruistic transfers and characterizes
this distribution. Section 5 focuses on the effects of social security on the distribution of
transfers when the bequest motive is not operative in a steady state, whereas Section 6 performs
the comparative statics analysis for economies where the bequest motive is always operative
for altruistic agents. Some extensions of our basic model are presented in Section 7. Finally,
Section 8 concludes the paper. All the proofs appear in the Appendix.

2. THE MODEL

Let us consider an overlapping generations economy in discrete time with a continuum of
individuals in each period. A generation of individuals with identeabntepreferences is born

in each period and individuals live for two periods. At the end of the first period of his life each
agent has\ > 1 children so that an individual is young when his parent is old.

When individuals become old, they realize if they love their children, that is, they know if
they are altruistic or not. If an individual is altruistic, the indirect utility of each of his children
appears as an argument in his utility function. That event occurs with probability (0, 1).

We will assume that the total utility obtained by an altruistic old individual is the sum of the
utility derived from his consumption and the discounted indirect utilities of their children. Old
individuals are selfish with probability + = and, then, they derive utility only from their own
consumption. Therefore, in this large economy a masd individuals is altruistic whereas a
mass 1— 7 turns out to be selfish. There are no markets to buy insurance against the risk of
becoming altruistic towards children.

We will assume that the economy under consideration exhibits constant interest rates
and constant wagésLet R > 0 be the constant one-period gross rate of return on saving.

3. The assumption of constant rental prices for labour and capital could be the result of considering a small
open economy with perfect capital mobility and no labour mobility. This means that the interest rate is constant and
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Young individuals are endowed with a unit of labour time. They supply their labour endowment
inelastically in exchange for the constant wageOld individuals are retired.

There is a government that administrates a balanced PAYG social security system. Young
individuals contribute to the system by paying a constant lump-sunPtasith 0 < P < w.*
Therefore, each old individual receives a pension benefit equéRo

The utility that an individual derives from his own consumption in each period is represented
by a utility functionu defined onR ;. which is assumed to be bounded and twice continuously
differentiable withu’ > 0, u” < 0 and to satisfy the Inada conditions fimyu’(c) = oo and
iMoo U'(C) =02

Young individuals only differ in the inheritance they receive from their respective parents.
A young individual that has received the inheritaricérom his parent solves the following
stochastic dynamic programming problem when the pension is fixed at theRevel

Vy(b; P) = maXc, .5} U(Cy) + B{(1 — m)U(Cs) + 7 Va(s; P, (2.1)
subject to

cy=w+b—-P-s>0,
cs=Rs+ NP >0,

wherecy is the consumption of a young individualjs the savinggs is the consumption of a
selfish old individualVy(b; P) is the value function of a young individual who has received an
inheritanceb when the level of pensions B, andV;(s; P) is the value function of an altruistic
old individual who has saved the amowih his first period of life when the level of pensions is
P. Note that the two weak inequalities in the constraints imply that —w + P(R;RN), where

—w + P(BZN) < 0sinceP € [0, w).® The coefficients > 0 is the time discount factor.
An altruistic old individual who saved the amowwhen he was young solves the following
programme:

Va(s; P) = maxc, by U(Ca) + SNV (0'; P), (2.2)
subject to

Ca=Rs+NP—-Nb >0,
b >0, (2.3)

wherec, is the consumption of an altruistic old individual ahdis the bequest that he leaves
to each of his children, respectively. The coefficiént 0 is the discount factor on the indirect
utility of each descendant. Concerning the inequality constraint (2.3), we should notice that, since

equal to its international level. Under a standard neoclassical production function and competitive input markets, the
equilibrium capital-labour ratio turns out to be constant and, thus, the marginal productivity of labour (which is equal to
the competitive real wage) is also constant.

4. When labour supply is inelastic, a lump-sum social security tax is equivalent to a flat rate tax on wages since
no distortion is introduced in the labour market.

5. Instead of assuming thatis bounded we could assume specific functional forms that are not bounded but that

. . . . . . . 1-0 .
are quite common in the literature. For instance, if we assume isoelastic prefelﬂ{l@%,% with o > 0, then all

the results of this paper are still true when the condiéiN R1-9 < 1 for bounded value functions holds. Another
commonly used utility function is the CARA(c) = —e~ 7€ with y > 0. All the main results of the paper apply for this
function in spite of not satisfying the Inada condition at the origin.

6. Even if individuals can only leave non-negative bequests, we allow the received inhehtemée on the

interval (—w + P(R;RN), oo) in the individual optimization problem. Since € (—w + P(R;RN), oo), we are

thus ensuring that the properties of the value functige; P) and of its corresponding policy functions, which will be
presented in Lemmas 1 and 2, hold for all the potential equilibrium valulks of
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altruism is unidirectional (it goes from parents to children) and there are neither institutions nor
contracts to enforce liabilities on future generations, individuals cannot leave negative bequests
to their children.

Plugging programme (2.1) on programme (2.2) and using the corresponding budget
constraints, we obtain the following stochastic dynamic programming problem:

Va(s; P) = maxpy sy U(Rs+ NP — Nb) + §Nu(w — P +b' —§)
+BSN(1 — 7)u(RS + NP) + B8N Va(s; P) (2.4)

subject to

Rs+ NP > Nb' > 0,
w—P+b>s>-RP
wheres' is the saving of each direct descendant of the agent under considéralia.that the
Inada conditions on the utility function imply thef, c; andcs are all strictly positive so that the
solution of the programme (2.4) must satisfy— P +b' > s’ > —N—RP andRs+ NP > Nb.
Of course, it remains the possibility of a corner solution for the altruistic transfer, namely, that
b’ = 0. Moreover, in order to have a well defined problem, we neecStI}at—NT!P since neither
Ca horcs could be positive otherwise. Finally, we assume h#lllr < 1 asgsNx is in fact the
discount factor of programme (2.4).
Let us define the policy functions corresponding to the previous programmes when the
pension level iP. Concerning programme (2.1), we define the policy functigns- ¢y (b; P),
¢cs = Cs(b; P), ands = §(b; P) for consumption of a young individual, consumption of a
selfish old individual, and saving, respectively. For programme (2.2) we dfiael, (s; P) and
b’ = b(s; P) as the policy functions of an altruistic old individual for consumption and bequest
per capita respectively. We also define the composite functdm P) = b(s(b; P); P), which
is the transfer function giving the bequesr capitaleft by an altruistic old individual who had
received the amourit from his parent when the pension remains fixed at the IBvel
The following lemma establishes a basic result about the existence of a unigue solution to
the previous programmes. Its proof is omitted since it follows immediately from applying, for
instance, Theorems 4.6—4.10 of Stokey and Lucas (1989) to programme (2.4). The existence and
the properties of the value functiafy(-; P) follow directly from the existence and properties of
the value function/z(-; P) through programme (2.1).

Lemmal. There exists a unique value functiony(\ P) associated with pro-

gramme(2.4) which is continuously differentiable, strictly increasing, and strictly concave on

(— NP oo). The value function \(-; P) exists and is continuously differentiable, strictly increas-

R ’
ing and strictly concave of-w + P(BgM), 00). The programmeg2.1)and(2.2) have a unique
solution, that is, the policy functiorg(-; P), &(-; P), €a(-; P), b(-; P) and$(-; P) exist. The
functionséy(-; P), &s(-; P), §(:: P) and g(; P) are all continuous on(—w + P(BgN), 00),

whereas the functions, (-; P) andb(-; P) are continuous o —N—RP, oo).

Substituting the consumptions in the objective function of programme (2.1) and
differentiating with respect te, we obtain the following first-order condition:

U(w+b—P—s)=pg{(1—m)RU(Rs+ NP) + 7 V.(s; P)}, (2.5)

7. We are implicitly assuming in problem (2.4) that parents choose the amount of sawfitgeir children. This
can be safely assumed since the sequentiality of the problem ensures that the saving of each son depends exclusively on
the bequest he receives. Such a sequentiality prevents any kind of strategic behaviour between parents and children.
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and the corresponding envelope condition is
Vy(b; P) =u'(w +b—P —s). (2.6)

Concerning programme (2.2), we substitute the consumpgonto the objective function and
differentiate with respect tb’ to obtain the following first-order condition:

u(Rs+NP—Nb) > 8V§(b/; P), withu' (Rs+NP—Nb) = SV}j(b/; P)ifb' >0, (2.7)
and the corresponding envelope condition is
V/(s; P) = RU(Rs+ NP — Nb). (2.8)

The following lemma provides additional properties of the policy functions:

Lemma 2. The policy functionsCy(-; P), Cs(-; P), €a(:; P), 8(-; P) are all strictly
increasing. The policy functiob(; P) is non-decreasing and locally strictly increasing when
b(s; P) > 0. Moreover, the function @; P) is hon-decreasing and locally strictly increasing
when gb; P) > 0.

3. THE DYNAMICS OF ALTRUISTIC TRANSFERS WITHIN A DYNASTY

In this section we provide more properties of the functigh P) defining the bequest left by

an altruistic individual as a function of the inheritance he has received from his parent under a
stationary pension system. Note tlgatis the discount factor that a young individual would apply

to the indirect utility of each of his sons if he were altruistic. This discount can be decomposed
between the pure time discougtand the pure interpersonal discotSeveral cases arise
depending on both the discount facigt and the gross rate of return from saviRg The next
proposition shows that, when the real interest Ritel is lower than the discount ratg/85) —1,

the sequence of altruistic transfers is strictly decreasing even if all the members of a dynasty turn
to be altruistic. Moreover, this sequence of transfers converges to zero.

Proposition 1. Assume that B < 1. Then db; P) < bforallb > 0, and g0; P) = 0.

Note that the previous proposition characterizes the shape of the mépping g(b; P).
Clearly, under the assumption of the proposition, the sequence of altruistic transfers within a
family formed exclusively by altruistic individuals satisfibs .1 < b for all by > 0, and since
g(0; P) = 0 it follows that lim_ » by = 0.

The next proposition strengthens the previous one since it gives a sufficient condition for the
altruistic transfers to become zero after a finite history of altruistic individuals within a dynasty.
Such a sufficient condition is obtained by just making strict the weak inequality which was
assumed in Proposition 1, that is, the interest rate should be strictly lower than the discount
rate on utility.

Proposition 2. Assume that RS < 1. Then there exists a threshold level of altruistic
transfers fP) > 0 such that gb; P) = Oif and only if b< b(P).

Obviously, the shape of the mappibg.1 = g(b; P) implied by the previous proposition
leads to a sequence of altruistic transfers that becomes zero after some period. This is so because
there exists a perio@* for which g(bt+; P) < b(P) and, hencey = Oforallt > T*. Figure 1
describes the dynamics of altruistic transfers within a dynasty formed exclusively by altruistic
individuals under the assumption made in Proposition 2. However, as follows from Proposition 1,
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e g(b; P)

FIGURE 1

The dynamics of altruistic transfers wh&s5 < 1. Transfers converge to zero in finite time

t+1

/ g(bi; P)

v

FIGURE 2
If R8S§ = 1 altruistic transfers converge to zero but not necessarily in finite time

we can only guarantee the asymptotic convergence of transfers to zeroRgliea 1. In this

case the zero value for altruistic transfers is not necessarily reached in finite time (see Figure 2).
The next proposition shows that the bequest motive is always operative when both the

interest rate and the discount factor are high enough.

Proposition 3. If R8s > 1, then gb; P) > Oforallb > 0.

Figure 3 depicts the dynamics of altruistic transfers wRg#A > 1. Notice that the previous
proposition leaves open the possibility that the sequence of transfers generated by the difference
equationb;1 = g(bt; P) be either bounded or unbounded. We will come back briefly to this
issue in Section 4.

The properties of the transfer functig-; P) we have just discussed will be extensively
used in the next section in order to explore the existence and the properties of the stationary
distribution of altruistic transfers in this economy.
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FIGURE 3
Altruistic transfers are always strictly positive whBgs > 1

4. THE DISTRIBUTION OF ALTRUISTIC TRANSFERS

The distribution of altruistic transfers across individuals in each period is a probability measure
defined on the measurable spdBe , B) whereB is theo-algebra of Borel sets d& . In this
section we will show that, given a constant lewelof the pension, the probability measure of
transfers converges to a unique invariant (or stationary) probability measure) on (R, B).

In this large economy a proportion-15 of individuals receives a zero transfer from their
parents while a proportion of individuals receives a transfer governed by the funcgon P).
Clearly, if an individual has an altruistic parent who received the inherithpcthen he will
receive an inheritance equaldob;; P). Hence, the law of motion of altruistic transfers within a
dynasty is the following:

by = 0 with probability 1— 7,
+1 = Y g(b; P)  with probability .
Therefore, the distribution of altruistic transfers(-; P) evolves along time as dictated by
the following functional equation:

js1(B: P) = (1— m)Tg(0) + 7 f s (db; P), @.1)
g~1(B;P)

whereZg is the indicator function of the Borel s&and
g~(B; P) = {b > 0 such thay(b; P) € B}.
Proposition 4. There exists a unique probability measyrg-; P) on the measurable

space (R4, B) such that, for every initial distribution of altruistic transfenso(-; P), the
sequence of distributions defined by equafin) satisfies

iMoo [t (B; P) — @(B; P)| =0, forall B € B,
and the convergence is uniform for all setdin
The next two propositions characterize the invariant distribufign P) of altruistic

transfers for different levels of interest and discount rates. Note that such an invariant distribution
satisfies

7(B; P) = (1— )T (0) + 7 / z(db; P), 4.2)
g1(B;P)
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Prob(b) 4

FIGURE 4
The distribution of altruistic transfers whd®gé > 1

as follows from (4.1). We will show that the stationary distribution of altruistic transfers is
degenerate and has unitary mass at zero when the interest rate is lower than the discount
rate. Conversely, if the interest rate is higher than the intertemporal discount rate, the invariant
distribution of altruistic transfers is non-degenerate.

Proposition 5. If Rg§ < 1, then the invariant distribution of altruistic transfers is
degenerate at zer@,({0}; P) = 1. Moreover, if 8§ < 1then the convergence to this degenerate
distribution is achieved in finite time, that is, there exists*a=T 0 such that, for all t> T*,

ui(B; P) = w(B; P), forall B € .

Proposition 6. If Rgs > 1, then the invariant distribution of altruistic transfers is non-
degenerate and is given by the probability measure satisfyi(it}; P) = (1 — =) ', for
i=01,...,whereby; =g(bj; P)and lp = 0.

Figure 4 provides a picture of the probability function associated with the measuhen
RBS > 1.

Clearly, the average altruistic transfer under the stationary distributidn-ist) Y g’ by,
whereb;j 11 = g(b;; P), andbg = 0. The support of the stationary distributipr-; P) could be
either bounded or unbounded depending on the parameter constellation. In facRghenl
and the stationary distribution is thus non-degenerate, it can be proved that the supgoreof
is bounded foR < N, while itis unbounded foRBéw > 1 (see Caba#l and Fuster, 2000). Note
that these sufficient conditions for having either bounded or unbounded support are independent
of the pension tax.

It should be noticed that the timing of events assumed in our model plays a crucial role in
order to get a non-degenerate distribution of altruistic transfers vidggh > 1. In our OLG
model with individuals living for two periods, if young individuals received the inheritance
after they had made their consumption and saving decisions, no heterogeneity on the amount
of bequests will arise. To see why in this scenario the distribution of bequests would have all its
mass concentrated in a single point, simply note that old individuals would observe the realization
of the shock on the altruism factor after their consumption had taken place. In this case, old
individuals will save for precautionary reasons as they face the risk of being altruistic towards
their children. If they turn out to be altruistic, they will use that precautionary saving to make a
voluntary transfer to their direct descendants, while if they turn out to be selfish, they will leave
exactly the same amount as accidental bequest, since they will have already consumed. Note
that in order to get a non-degenerate distribution of bequests we need individuals observing the
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realization of the altruism factor towards their children before consumption in the last period of
their life occur. Our model contains thus the minimal set of ingredients with the previous feature.

5. TRANSITIONAL EFFECTS OF SOCIAL SECURITY WHEN THE BEQUEST MOTIVE
IS INOPERATIVE IN THE LONG RUN

In this section we analyse how an unanticipated permanent introduction of a PAYG social
security system affects individual decisions and the corresponding distribution of altruistic
transfers when the bequest motive is not operative in the long run, that is, Rfien< 1.
Note that, when the introduction of the social security scheme takes place, the saving of an
old agent is already fixed and is equald@®@; 0), whereas the bequest he leaves if he becomes
altruistic will be b(8(0; 0); P), which is not necessarily equal to eithg0; 0) = b(5(0; 0); 0)
or g(0; P) = b(s(0; P); P). Moreover, young individuals at the moment of the policy change
will select their saving according to the functiég; P). We will see that, when interest rates
are low, there is a range of pension levels for which the unanticipated introduction of the social
security system does not even affect the distribution of altruistic transfers in the short run, since
it remains degenerate at zero. However, for higher values of the interest rate, there is a threshold
level of pensions above which the introduction of the social security induces a non-degenerate
distribution of altruistic transfers in the short run. Such a distribution will converge in the long-
run to the degenerate one in accordance with Propositions 4 and 5.

Before stating the precise result, we need to establish the following lemma characterizing
the optimal decisions of a young individual when the bequest motive is not operative:

Lemma 3. Let P > P, and assume that@®; P1) = g(b; P,) =0, then
8(b; P1) < 8(b; Py) and Cy(b; P1) = Ey(b; P2) if RS N.

Proposition 7. Let R8§ < 1and assume that the initial distribution of altruistic transfers
is the degenerate, invariant orggiven in Propositiorb).

(@) If R < N, then there exists a pension tax 3 0 such that the distribution of altruistic
transfers remains degenerate at zero after the unanticipated introduction of a PAYG social
security system with a constant pension tax O, min{P, w}).

(b) If R > N, then there exists a pension tBxe (0, w) such that

(b.i) positive altruistic transfers appear when the PAYG social security system is
unanticipatedly introduced with a constant pension taxeP(P, w). In this case,
the distribution of altruistic transfers becomes non-degenerate when social security is
introduced and it converges back to the degenerate distribution;

(b.ii) the distribution of altruistic transfers remains degenerate at zero after the
unanticipated introduction of a PAYG social security system with a constant pension
tax P € (0, P).

The previous proposition tells us that, in order to obtain a transitory effect on the distribution
of altruistic transfers, we need an introduction of the PAYG social security with a pension tax
P sufficiently large. Note that, if the interest rate is higher than the implicit rate of return of the
social security system, then the present value of lifetime income of the descendants will decrease
after the introduction of social security. Clearly, > w — P + N—RP if and only if R > N. In
this situation, altruistic parents will react by returning part of the pension they receive to their
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descendants. However, the sons of non-altruistic parents will not enjoy such a compensation and
this would give rise to a non-degenerate distribution of altruistic transfers. This means that the
introduction of the PAYG system would be the source of some inequality of initial wealth in
the short run if and only if the pension is introduced at a level larger ?aaBuch an effect

is indeed transitory wheRB5 < 1, since altruistic transfers tend to zero in the long run even
within dynasties displaying an infinite sequence of altruistic individBalgedless to say, the
non-degenerate distribution of transfers in the short run is associated with a corresponding non-
degenerate distribution of both consumption and saving through their respective policy functions.

6. LONG-RUN EFFECTS OF SOCIAL SECURITY WHEN THE BEQUEST MOTIVE IS
ALWAYS OPERATIVE

In this section we will explore how a permanent marginal change in the social security tax
affects both the bequest that individuals leave to their descendants and the long-run distribution
of intergenerational transfers when the bequest motive is always operative for altruistic agents.
This situation occurs wheRg§ > 1 and, thus, the stationary distribution of altruistic transfers

is non-degenerate in this case.

If the bequest motive were non-random and always operative within a dynasty, then
individuals would adjust their transfers in order to completely offset the change in the pension
level. In fact, individuals would only care about the net intergenerational trabhsfeP from
parents to each descendant. This means that whartreases, the transférshould increase
by the same amount. However, if the altruism is random, individuals could react by decreasing
their saving when the pension level increases. In fact this is the typical reaction of non-altruistic
agents, as the social security system shifts the individuals’ income from the first period of life to
the second one. As we will prove in this section, when the probability of being altruistic is low,
then such a reduction in the amount of savings could encompass a reduction of the bequests left
by the few individuals that turn out to be altruistic.

The next proposition holds for economies populated basically by altruistic individuals:

Proposition 8. Let R8§ > 1and R > P.. There exists & > 0 such that gb; P;) >
g(b; Py) for all € (#, 1). Moreover/im,_.1 24P — 1.

Note that the implication of the previous proposition is that the stationary average size of
altruistic transfers of this economy increases with the pension level when the probahilfty
being altruistic is high enough and the altruistic agents leave positive beqisis> 1).
Moreover, if we divide the population of the economy into two groups of individuals: the ones
that receive inheritances and the ones that do not, then all the values of the discrete support of the
stationary distribution of altruistic transfers for the former group will suffer an increase when the
pension is raised. Obviously, the inheritances for the latter group remain unaltered at zero. This
means that the expected wealth gap at birth between descendants of non-altruistic parents and
descendants of altruistic ones increases with the pension tax in this scenario. Figure 5 describes
the effect of raising the pension tax on the probability function associated with the invariant
distributiont wheng(b; P) increases withP. We see in that figure that all the strictly positive
points in the support of the invariant distribution of altruistic transfers shift to the right. A final
obvious implication of the previous proposition and Figure 5 is that the distribution of transfers

8. In a general equilibrium framework, an increase in the pension level may have a permanent effect on the
distribution of bequests. Indeed, a numerical example in Section 7 shows that an increase in the pension level could
induce the interest rate to become higher thafs1 and this results in a non-degenerate distribution of transfers in the
long run.
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FIGURE 5
The effect of a rise in the social security tax on the distribution of altruistic transfers g(benP) increases withP

associated with a lower pension is dominated by the distribution with a higher pension in the
sense of first-order stochastic dominance. This is so because the probability of having a transfer
lower than a given valuk falls as the pensioR increases, for alb > 0 (see Hadar and Russell,
1969).

It is possible however to find examples for which the increase in the pension tax results in a
reduction of the expected difference in wealth at birth between the two population groups we have
just defined. Proposition 8 tells us that in order to find such examples we will need an operative
bequest motive and, simultaneously, a low value oMoreover, if the individuals’ preferences
exhibit decreasing (increasing) absolute risk aversion (see Pratt (1964) and Arrow (1970)), we
will also need to impose that the gross retiRrrom savings be higher (lower) than the gross
rate N of population growth. When individuals are assumed to be non-altruistic with a very
high probability, their decisions concerning their profile of consumption are mostly driven by the
present value of their lifetime income and they abstract from bequest consideratiBns. N,
the increase in the pensidhtranslates into a decrease in the present value of the lifetime income
(w+b— P+N—RP) of all agents. This in turn makes agents more (less) risk averse under decreasing
(increasing) absolute risk aversion. Therefore, the few altruistic parents of this economy would
react by decreasing (increasing) the bequest left to their sons. This is so because the increase
(decrease) in risk aversion induces agents to decrease (increase) the difference between the old
consumption corresponding to the event of being altruistic and the one corresponding to the event
of being selfish. Of course, the opposite argument applies wWhenN. The propositions of this
section will formalize the previous discussion by making explicit the interaction between the
wealth effect and the behaviour of the risk attitude.

The next proposition applies to an economy populated basically by non-altruistic agents,
where every altruistic old agent attaches to the indirect utility of his children a weight that is at
least as large as the one attached to his own utiléy$ is assumed to be larger than or equal to
one.

Proposition9. Letd > 1, R8 > 1land P > 0. There exists ar* > 0 such that

% < Oforall = € (0, #*) whenever any of the following two conditions is satisfied:

() R> N and the index of absolute risk aversion ofdi= —u” /U, is strictly decreasing.
(i) R < N and the index of absolute risk aversion of u is strictly increasing.

Concerning the distribution of altruistic transfers (and, thus, of consumptions and savings),
we see that, in the scenario depicted by the assumptions of Proposition 9, an increase in the
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FIGURE 6
The effect of a rise in the social security tax on the distribution of altruistic transfers g(benP) decreases witl®

pensionP results in a reduction of the bequests left by all the altruistic agents so that the expected
wealth gap at birth between children of altruistic parents and children of egoist ones decreases
with the pension level. Note that this is in sharp contrast to the situation where the probability
of being altruistic was sufficiently high, since in that scenario the increase in the pension tax
widened the gap of initial wealth between these two population groups. Figure 6 depicts the
effect of an increase in the pension tax on the probability function associated with the invariant
distribution altruistic transfers wheg(b; P) is decreasing irP. We see in that figure that all

the strictly positive points in the support of the invariant distribution of altruistic transfers shift
to the left. Moreover, under the assumptions of Proposition 9, it is clear from Figure 6 that the
probability of having a transfer lower than a given valugses as the pensioR increases, for

all b > 0. Clearly, this means that the distribution of intergenerational transfers with a lower
social security tax dominates the one with a higher tax in the sense of first degree stochastic
dominance.

Even if the probabilityr of being altruistic is very low, an increase in the pension could
trigger an increase in the bequests left by altruistic agents. To get such a result we just need to
make the assumptions opposite to the ones made in Proposition 9 and apply exactly the same
reasoning. The proof of the following proposition is obvious from that of Proposition 9 and is
thus omitted.

Proposition 10. Lets > 1, R8 > 1and P > 0. There exists ar* > 0 such that
% > Ofor all = € (0, #*) whenever any of the following two conditions is satisfied:

() R > N and the index of absolute risk aversion of u is strictly increasing.
(i) R < N and the index of absolute risk aversion of u is strictly decreasing.

The conclusion of the previous two propositions can be also reached if we assume instead
small values of the inter-personal discount faciorin this case we should ensure that the
bequest motive is operativee. R88 > 1. The following propositions are the counterparts of
Propositions 9 and 10:

Proposition 11. Let P > 0 and R36 > 1. There exists a strictly positive pairr™, §*)
with §* > 1/RB such that% < Ofor all pairs (7, §) € (0, 7*) x (1/R8, §*) whenever any
of the following two conditions is satisfied:

() R > N and the index of absolute risk aversion of u is strictly decreasing.
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(i) R < N and the index of absolute risk aversion of u is strictly increasing.

Proposition 12. Let P > 0 and R85 > 1. There exists a strictly positive pafrr™, §*)

with §* > 1/Rg such thataggblgp) > 0 for all pairs (7, §) € (0, 7*) x (1/RB, §*) whenever any

of the following two conditions is satisfied:

() R > N and the index of absolute risk aversion of u is strictly increasing.
(i) R < N and the index of absolute risk aversion of u is strictly decreasing.

The proof of the last proposition is omitted since it follows from just making the
assumptions opposite to the ones of Proposition 11.

Let us discuss the testable implications of our analysis. Under the empirically reasonable
assumptions of decreasing absolute risk aversionRand N, part (i) of Propositions 9 and 11
predicts that, if the fraction of altruistic individuals is low, the distribution of bequests suffers a
deterioration in terms of first-order stochastic dominance. However, according to Proposition 8,
if the fraction of altruistic individuals is large enough, then the distribution of bequests improves
in terms of first-order stochastic dominance. Thus, the prevailing effect will be determined by
the value of the parameter giving the probability of being altruistic. The estimation of the
parametetr is indeed a complex task. However, an upper bound on the valweaniuld be
obtained by the fraction of individuals in the economy who effectively give positive bequests,
whereas a lower bound would be given by one minus the fraction of single-headed, retired
households who have purchased an annuity preventing the young members of the household
from receiving inheritances.

Let us introduce now some welfare considerations. On the one hand, it is obvious that the
welfare of the generation that is old at the time of a pension increase is always improved by such
a policy change. On the other hand, if we were interested in the effects on welfare at the steady
state, we should restrict our attention to the expected utility of the newborns under the stationary
distribution of altruistic transfers. Note that, when the probability of being altruistic is very low,
the ex antewelfare of individuals depends basically on the statistical properties of the present
value of their lifetime income. In this case, the effects of social security on the expected utility of
newborns are generally ambiguous as usually happens in the standard overlapping generations
model. However, in the scenario depicted by part (i) of Propositions 9 and 11, we can say that the
ex antewelfare of a newborn is reduced since the present value of non-inherited lifetime income
(w —-P+ N—RP) decreases and the distribution of transfers becomes less desirable as a consequence
of the shift in terms of first-order stochastic dominance. The opposite holds in the scenario of
part (ii) of Propositions 10 and 12 and, thus, éxeantewelfare of a newborn increases in such a
case. Concerning the remaining cases considered in the previous four propositions, the results are
ambiguous since the present value of lifetime income and the shift on the distribution of altruistic
transfers have opposite effects on welfare. It should be noted that the inedrality<)N is
the standard condition for dynamic efficiency (inefficiency) of a non-stochastic OLG economy at
the steady state. If the economy is dynamically inefficient (efficient), then an increase in the tax
of the unfunded social security system improves (worsens) the welfare of every representative
newborn at the stationary equilibrium. Moreover, in the stochastic environment considered in
Propositions 9-12, the impact on welfare of the shift in the bequest distribution should be modest,
since the probability of being altruistic is quite low. Therefore, wheis low, we should expect
that the effect of changing the social security tax on welfare will depend almost exclusively on
the relationship between the return on capital and the rate of population growth, as it happens in
the non-stochastic version of the model.
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TABLE 1

Effects of social security on the distribution of altruistic transfers and on welfarg fer0-96,
5 = 1ands = 0-2. We consider time periods 80 years. The rates with a hat are average
compound rategx = x1/30)

A R—1 N-—1 Averagebequest P Gini coefficient ~ Welfare
(%) (%)

Case |: Isoelastic utility with coefficient of relative risk aversior= 4 andR > N

Decreasing 5 P 0023 0 0819 -3.05
Decreasing 5 P 0022 0064 0818 —-3.78
Case II: Quadratic utilityu(c) = ¢ — 0-25¢2 andR < N
Increasing 5 3] 0076 0 0804 063
Increasing 5 D 0075 0064 0804 065
Case III: Quadratic utilityu(c) = ¢ — 0-25c2 andR > N
Increasing 5 P 021 0 081 066
Increasing 5 P 022 0064 081 063
Case IV: Isoelastic utility with coefficient of relative risk aversior= 4 andR < N
Decreasing 5 B 0-00805 0 0805 -311
Decreasing 5 B 0-00824 0064 0806 —2-90

The numerical examples of Table 1 illustrate the main results of this section and refer to the
scenarios depicted by Propositions 9 and 10. The probability of being altruistic is set relatively
low (x = 0-2) and we assume that the total utility of an altruistic old individual is equal to
the sum of the utility derived from his consumption and the indirect utility of their children
(i,e. § = 1). Under isoelastic preferences, which obviously display decreasing absolute risk
aversion, we observe in Case | that the average bequest decreases when the social security system
is introduced forlR > N, as dictated by part (i) of Proposition 9. Looking at the Gini coefficient
of the stationary bequest distribution, we see that inequality decreases slightly. Furthermore, if
we measure welfare by thex anteexpected lifetime utility of an agent under the stationary
distribution of altruistic transfers, we see that welfare decreases, which agrees with our previous
discussion about the normative implications of social security. For Case IVRvith N and
guadratic utility (and thus with increasing absolute risk aversion) the opposite effects concerning
the distribution of bequest hold, which agrees with part (ii) of Proposition 10. Moreover, in this
caseex antewelfare goes up as the present value of lifetime increases and the new distribution of
bequests dominates the initial one in terms of first-order stochastic dominance. Cases Il and
Il give rise to changes in the distribution of altruistic transfers that agree with part (ii) of
Proposition 9 and part (i) of Proposition 10, respectively. In these cases, the impact on welfare of
the introduction of social security is quite small and is completely driven by the relative values
of RandN. Finally, it can be checked for Cases | and Il that the optimal bequest left by altruistic
individuals decreases for all initial wealth levels, while the opposite holds for Cases Ill and IV.

7. EXTENSIONS: WAGE HETEROGENEITY AND GENERAL EQUILIBRIUM
7.1 Wage heterogeneity

We could easily extend the model of our paper to investigate the impact of social security on
the distribution of altruistic transfers for economies with different degrees of wage inequality
and with intergenerational correlation of wages. To this end, let us assume that the logarithm of
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TABLE 2

Impact of social security under different wage structures. Isoelastic utility with coefficient of
relative risk aversionr = 4and R> N (R—1=5%, N — 1= 1.2%), = 0.96,§ = 1and
7 = 0-2. We consider time periods 80 years. The rates with a hat are average compound
rates(R = x1/30)

Wage distribution

Wages Average wage Gini coefficient P
Deterministic 0641 00 1.0
Empirical correlation ®41 031 04
Zero correlation ®41 031 00

Social security effects

P=0 P = 0.064
Wages Avg. bequest Welfare Avg. bequest Welfare
Deterministic 00235 —-3.05 00220 —-3.78
Empirical correlation a134 —2277 01168 —8598
Zero correlation a427 —21.74 01468 —8253

wages is governed by the following first-order Markov process:
logwt = plogwi—1 + ét,

wherep € [0, 1), & isi.i.d. withg; «~ N(E, 082), and the subindek denotes the generation in a
particular dynasty. We choose values for the parametersando, and then, we approximate the
above autoregressive process by a five-state first-order Markov chain following Tauchen (1986).

In economies where wages are stochastic altruistic transfers play the role of imperfect
insurance against wage risk. The bequest left by an altruistic individual depends on the
inheritance he receives, the wage he earns, and the wage;,1 earned by his children.
Therefore, for each realizatiopw;, wy41) of the wage pair, there is an optimal transfer given
by bi11 = g(wt + by, wig1; P). The functiong(wt + by, wis1; P) is decreasing with respect
to the children’s wagev; 1 and, as in Section 3, increasing with respect to first period income
wt + by. Now, the distribution of bequests will emerge from two independent sources or risk,
namely, the random intergenerational discount and the random wage processes.

Table 2 describes the economies that we compare in this example. These economies differ
with respect to the intergenerational correlation of wages and the degree of wage inequality. We
concentrate the analysis on the case where individual utility is isoelastiRandN. The first
row of Table 2 describes the benchmark economy where there is no heterogeﬁeii)()) and
g is set equal to zero. This case coincides with Case | in Table 1. The other rows correspond
to economies where wages are stochastic. In order to keep comparability between the different
economies, the average wage and the Gini coefficient of the distribution of wages do not differ
across stochastic wage economies. Moreover, the average wage in the stochastic economies
equals the wage in the benchmark economy. To this end, we ch@osihat the average wage is
always equal to ®4. Finally, for the economies with stochastic wages, we choose a valu§ for
generating a value of the Gini coefficient of wages which is close to that of the Gini coefficient
of lifetime earnings that Knowles (1999) reports for the U.S. economy.

The second and third rows describe economies where wages are stochastic and the
intergenerational correlation coefficientis set equal to @, as Solon (1992) and Zimmerman
(1992) report for the U.S. economy, and equal to zero, respectively. Note that in the economies
with stochastic wages the statement of part (i) of Proposition 9 does not apply since the average
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TABLE 3

General equilibrium effects with isoelastic utility having coefficient of relative risk
aversions = 2andf = 096, N — 1 = 1.2%, 7 = 0-2, y = k%, « = 0-36and
P = rw. We consider time periods 80 years. The rates with a hat are average
compound rategx = x1/30)

RBS k R—1 Average bequest r Gini coefficient Welfare
(%)

Case I: Isoelastic utility anél = 0-989

<1 1 48 0 0 0 —-9:96
>1 058 59 0-0053 10% B2 —-1213

Case II: Isoelastic utility and = 1.0

>1 1 46 00052 0 082 —9.92
>1 061 57 0.0154 10% B2 —11.85

bequest increases with the pension. In order to understand this result, notice that bequests play
a new role in this environment, since now altruistic transfers also provide insurance to altruistic
parents against the wage risk of their descendants. That is, old altruistic individuals can use
bequests to compensate a low after-tax wage of their childrenRAs N and individual
preferences display decreasing risk aversion, the introduction of the PAYG system enhances
the precautionary role of altruistic transfers as individuals face a lower lifetime income. This
introduces a new effect that could end up outweighing the negative effect on bequests prevailing
under deterministic wages. We can also see that the lower is the correlation of wages, the higher
is the average bequest, since the more important is the insurance role of altruistic transfers.

Finally, note that welfare decreases with social security for all wage configurations. Since
the return of capital is higher than the return of social security, the present value of lifetime
income decreases with social security and this has a dominating negative impact on welfare in
all the examples under consideration.

7.2 General equilibrium effects

Our analysis has been conducted for an economy where both the interest rate and the wage were
fixed. The introduction of general equilibrium effects inducing changes in the rental prices for
labour and capital could alter our previous results substantially. From Ricardian equivalence, the
effects on wages and interest rates of PAYG social security should be modest when individuals
are most likely altruistici.e. whenr takes values near to one. However, when the vast majority

of agents are selfish, then the rental prices of inputs could be affected in a non-negligible way.
As it is well known from the standard OLG model, the introduction of an unfunded social secu-
rity system crowds out capital so that the equilibrium interest rate increases. Table 3 illustrates
two types of effects triggered exclusively by the endogenous determination of rental prices for
a closed economy with a Cobb—Douglas aggregate production function. The capital installed in
each period will be equal to the aggregate saving of the previous period and prices are compet-
itive. Pensions will be now financed by means of a flat rate tax on wages. In Case | we have
RBS§ < 1 for the economy without social security. The introduction of PAYG social security
crowds out capital and increases the equilibrium interest rate. InRgét> 1 for the economy

where the social security tax is 10%. Consequently, the bequest motive becomes operative and
the introduction of social security is a source of permanent wealth heterogeneity, which is in stark
contrast to what is claimed in part (ii) of Proposition 7. Notice also thatthantewelfare of a
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newborn is lower in the economy with social security since the return of social security is lower
than that of capital and because there is a significant decrease in wages due to the 40% crowding-
out of capital induced by social security. In these economies, individuals save mostly for retire-
ment because the probability of being altruist is very law= 0-2). Thus, social security crowds

out a large amount of savings. In Case Il the bequest motive is operative before and after the intro-
duction of social security. Notice also thRt > N in both economies. Bequests increase with
social security in spite of the fact that the assumptions of part (i) of Proposition 9 hold. The reason
lying behind this result is that social security raises the interest rate and this makes old individu-
als enjoy a larger capital income. This in turn, raises the bequest left by the agents that turn out to
be altruistic. Finally, welfare is lower in the economy with social security as it happens in Case I.

8. CONCLUSIONS

In this paper we have characterized the distribution of altruistic transfers in an economy where
a PAYG social security system is present. We have analysed both short-run and long-run effects
on that distribution triggered by changes in the pension tax. We have shown that the effects of
social security on the distribution of these intergenerational transfers depends crucially on the
importance of the bequest motive. On the one hand, if individuals are most likely altruists, then
the introduction of social security increases the size of altruistic transfers. On the other hand,
when individuals are most likely non-altruistic the introduction of social security could reduce
these transfers under some conditions on the attitude of individuals towards risk and the relative
returns associated both with private saving and with social security.

In contrast to our results, if the distribution of intergenerational transfers were generated by
uncertain lifetimes, then an increase in the pension tax would result unambiguously in a smaller
wealth gap between the individuals who have received a positive inheritance and the ones that
have not. This is so because social security acts as a public annuity which reduces the size of
accidental bequests (see Abel, 1985). A non-degenerate distribution of intergenerational transfers
could also arise when there are two types of dynasties, the altruistic and the non-altruistic ones
(as in Michel and Pestieau, 1998). Since individuals know in this case which kind of dynasty they
belong to, an increase in the social security tax will always increase the bequest left by altruistic
agents and this will also increase the wealth gap between any two agents belonging to different
types of dynasties.

A model which appears to be between ours and that of Michel and Pestieau (1998) would be
one where individuals know at birth whether they are altruistic or not. However, they do not know
if they will have altruistic children. One implication of this different timing of events is that old
individuals will observe whether their children are altruistic. This contrasts to our model where
old agents do not know the altruism factor of their children. If an altruistic old agent observes
that his offspring is altruistic, then the amount of bequest he leaves will increase with the pension
tax in order to undo the transfer of the PAYG system. However, if an altruistic old agent knows
that his offspring is selfish, he will try to offset the change in the present value of the lifetime
income of his children due to a pension tax modification. Note that the direction of the change
in the present value of the lifetime income is ultimately determined by the relative values of the
rate of population growth and the rate of return on saving, as it occurs in the model of this paper.
Therefore wherR > (<)N altruistically motivated bequests will increase (decrease) with the
amount of the pension.

We have focused on the analysis of an unfunded social security system since, as we have
seen, it is a system for which a quite rich plethora of results arises depending on the parametric
assumptions of the model. If we had considered instead a fully funded social security system,
the marginal changes in the social security tax would translate immediately into a change by the
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same amount in the voluntary savings. Therefore, the bequest left by an individual would remain
unchanged since this bequest only depends on his effective saving regardless of whether it is
compulsory or voluntary.

Finally, we point out that it could be interesting to characterize the distribution of
intergenerational transfers and the corresponding impact of social security if we introduced
uncertainty on alternative sources of intended transfers. Among the different approaches, we
mention the model of “joy-of-giving” in which parents derive direct utility from the size of the
bequest they leave (Yaari, 1965) or the model of “strategic altruism” in which intergenerational
transfers arise as payments for services provided by children (Bermteiln 1985). We leave
this for future research.

APPENDIX

Proof of Lemm&. (a)5(-; P) is strictly increasing. Let us proceed by contradiction. et- by and assume that
s1 < S, wheres; = §(bq; P) andsy = 8(by; P), then
AL —m)RU(Rs + NP) + 7Va(s1; P)} = B{(1 - 1)RU(Rg + NP) + 7 Va(s2; P},
as follows from the concavity of botlhandVa(-; P). From (2.5) and the previous inequality, we obtain
Uw+b—P—s)>U(w+by—P—sp).
We get a contradiction by noting thiag — s; > by — sp, which is incompatible with the concavity af

(b) &s(+; P) is strictly increasing. Obvious from part (a) and the fact thgb; P) = RS(b; P) + N P.

(c) Ey(-; P) is strictly increasing. From the envelope condition (2\(‘9(b; P) = u'(cy(b; P)), and the concavity
of bothu andVy(-; P), the result immediately follows.

(d) €a(-; P) is strictly increasing. From the envelope condition (2\8)(s; P) = u’(ca(s; P)), and the concavity
of bothu (ilndVa(«; P), the result immediately follows. .

(e)b(-; P) is non-decreasing and strictly increasing witésy P) > 0. Assume thas; is an amount of saving for
whichb(sy; P) = 0. Then, for eveng > si, we haveb(sp; P) > 0 becauserfthe non-negativity constraint on altruistic
transfers. Therefordy(sp; P) > b(sy; P). Assume now thas; is such thab(sy; P) > 0. Then, condition (2.7) holds
with equality and the concavity of bothandVy (-; P) yieldsb(sp; P) > b(s;; P) whenevess, > s;.

(f) 9(-; P) is non-decreasing and locally strictly increasing wigélo, P) > 0. Obvious from (a) and (e). ||

Proof of Propositionl. Letb > 0 be such that’ = g(b; P) > 0. Then, we have
u'(Ey(b; P)) = RB{(1 — m)U'(Es(b; P)) 47U (Ca(8(b; P); P))} <

RBU'(ca(8(b; P); P)) = RB8Vy(g(b; P); P) = RB8U'(Ey(g(b; P); P)) < U'(Ey(g(b; P); P)),
where the first equality comes from substituting the envelope condition (2.8) into the first-order condition (2.5), the strict
inequality comes from the fact thég(8(b; P); P) < és(b; P) whenb’ > 0, the second equality is just the first-order
condition (2.7) whe' > 0, whereas the third equality is the envelope condition (2.6). Finally, the weak inequality comes
from the assumption th&ps < 1. Sincely(-; P) is strictly increasing and is strictly concave, we gag(b; P) < b.
If g(b; P) = 0forb > 0, then it trivially follows thatg(b; P) < b.

Finally, letb = 0. Sinceg(b; P) < b for all b > 0, the continuity ofg(:; P) on (—w + P(LRN), oo)
implies that limy_,g g(b; P) = g(0; P) < 0. Hence, the non-negativity constraint on transfers allows us to conclude
thatg(0; P) =0. ||

Proof of Propositior2.  Notice that
Vy(0; P) = U'(cy(0; P)) = B{(L — m)RU(RS(0; P) + N P) + wV3(3(0; P); P)}, (A1)

where the first equality is the envelope condition (2.6) while the second is the first-order condition (2.5). From
Proposition 1, we know tha(0; P) = 0 so that the envelope condition (2.8) becomes

V4(8(0; P); P) = RU(RS(0; P) + NP). (A2)
Combining (A.1) and (A.2), we get
Vy(0; P) = RBU'(RS(0; P) + N P),
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and using the fact thdgs < 1, we obtain
8Vy(0; P) = RBSU'(RS(0; P) + NP) < U'(RS(0; P) + NP).
We can thus definb(P) implicitly by
8Vy(0; P) = U'(RS(b(P); P) + N P). (A.3)

Note thatb(P) > 0 sinces(-; P) is strictly increasing and is strictly concave. Therefore, the following weak inequality
holds for allb € [0, b(P)]:

av§(o; P) < U (R&(b; P) + N P). (A.4)

We can show next thaf(b; P) = 0forb € [0, b(P)]. We proceed by contradiction and assume insteadjifatP) > 0.
Since bothvy (-; P) andu are strictly concave, we have that

V)i(O; P) > V{,(g(b; P); P)
and
u’'(R§(b; P) + NP — Ng(b; P)) > U’ (R&(b; P) + N P).
These two inequalities, together with (A.4), imply that
8V§,(g(b; P); P) < U'(R&(b; P) + NP — Ng(b; P)),

which according to the first-order condition (2.7) implies thét; P) = 0, and this is the desired contradiction.
To prove thatg(b; P) > 0 for b > b(P) assume instead thajf(b; P) = 0 to get a contradiction. Such a
contradiction is easily obtained singéb; P) = 0 implies that

V4(8(0; P); P) < RU(RS(b; P) + N P),
as dictated by the first-order condition (2.7). Moreokes; b(P) implies that

V4(8(0; P); P) > RU(RS(b; P) + NP), (A.5)
because of the definition & P) in (A.2) and the monotonicity dd(-; P). We obtain thus the desired contradiction.||

Proof of Propositior8.  We proceed by contradiction and we assume thus gitlat P) = 0. The first-order
condition (2.5) and the envelope condition (2.8) imply that

U'(R&(b; P) + NP)

U (Cy(b; P)) = RB{(1 — m)u'(R&(b; P) + NP) + 7u'(R&(b; P) + NP)} > 5 , (A.6)
where the inequality comes from the assumption R@t > 1. Moreover, whemy(b; P) = 0 we have
u'(R8(b; P) + NP) > 6V{,(0; P) = 8u'(cy(0; P)), (A7)

where the weak inequality is the corresponding first-order condition (2.7) and the equality is the envelope condition (2.6).
Combining (A.6) with (A.7), we get

u'(Ey(b; P)) > U'(Ey(0; P)).

From the concavity ofu and the fact thaty(-; P) is increasing, it follows thab < 0, which is the desired
contradiction. ||

Proof of Propositiod. Let Q(b, B; P) be the transition function of the Markov process of transfers when the
pension isP. This transition function gives the probability that an individual receiving an inheritance eduigdves a
bequest lying in the Borel s&. Therefore,

Q(b, B; P) = (1 - m)Ig(0) + 7 Zg(g(b; P)). (A.8)

Let B® be the complementary of the Borel &in R . Itis obvious from (A.8) that for ever € B, Q(b, B; P) > 1-n

if 0 € B, for allb € B. Moreover,Q(b, B®; P) > 1—r if 0 € BC, for all b € B. Note that this means that Condition M

in Section 11.4 of Stokey and Lucas (1989) holds and, therefore, from their Theorems 11.12 and 11.6 we get the desired
uniform convergence result. ||

Proof of Propositiorb.  We will show that the distributiofic({0}; P) = 1 satisfies the functional equation (4.2),
that is,

B(0); P) = (1 — 1)T0)(0) + / )

w(db; P) :1—n+n[
g~1{o}:P) g1

mdb; P).
{0} P)
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Observe that Proposition 1 applies afl € g—l({O}; P) sinceRBé§ < 1. Therefore,

n/ w(db; P) =mx.
g~1({0:P)

The last part of the proposition follows immediately from Propositions 1 and 2.

Proof of Propositiors.  We will show that the distribution in the statement satisfies (4.2)bjlf > 0, we have
from Proposition 3 thalj 1 = g(bj; P) > 0. Then, sincey(-; P) is strictly increasing as is established by Lemma 2,
gfl({bH_l}; P) = bj and equation (4.2) becomes

(b1 41 P) = (L= )Ty, ) (O) + 7 /b (b P) = 0+ 772({bi }; P) = (1 — m) i+,
i
sincezz({l }; P) = (1 — ) 7! . Moreover, ifb; = 0, then
(0} P) = (1— 1)T()(O) + 7 [ b Py = 1— 7,
((VH )
since Proposition 3 implies that the @Tl({O}; P) is empty and, thus, has zero measure|

Proof of Lemm&. Combine the first-order condition (2.5) and the envelope condition (2.8) evaludiee- 4t to
get
u(w+b—P—s)=RBU(Rs+ NP).
Implicitly differentiating the previous equation, we obtain
ds  u'(w+b—P—s +RNBU'(Rs+ NP)

— = (A.9)
dpP U (w+b— P —s)+ R2Bu’(Rs+ NP)

It is straightforward to check th+$‘ Z1if RS N. Sincecy = w + b — P — s, it follows that%%’ Z0ifRSN. |

Proof of Proposition7.  (a) Recall that the stationary distribution of altruistic transfers is degenerate at zero when
R < 1/86 for all P € [0, w) as dictated by Proposition 5. Let

P = N [500:0) - 001,

whereb(0) is defined in equation (A.3). Note that the saving of the agents who were old at the moment of the introduction
of social security is given bg(0; 0). Clearly, P > 0, since the functio$(-; 0) is strictly increasing antd(0) > 0 (see
the proof of Proposition 2). IP € (0, min{P, w}), we get

U'(R8(0; 0) + NP) > U'(R8(0; 0) + NP) = U'(R8(b(0); 0)) = 8V (0; 0), (A.10)

where the inequality is a consequence of the strict concavity tife first equality follows from the definition d?, and
the last equality follows from the definition 6f{0) given in (A.3).

From Lemma 3, ifR < N andg(0; 0) = g(0; P) = 0, the first period consumption is non-decreasing in the
pension level, that i€y (0; P) > €y(0; 0). Therefore, from the concavity ofand the envelope condition (2.6), we get

8Vy(0; 0) > 8Vy(0; P). (A.11)
Therefore,
U'(R8(0; 0) + N P) > 8Vy (0: P) > 6Vy(b(3(0; 0); P): P),

where the strict inequality follows from combining (A.10) with (A.11) and the weak inequality is a consequence of the
concavity of\/)’,(-; P) together with the non-negativity constraint on bequests. The first-order condition (2.7) at the period
where the PAYG system is introduced implies that, if

U'(R8(0; 0) + N P) > 5y (b(3(0; 0); P): P),

thenb(5(0; 0); P) = 0 for all P € (0, min{P, w}). Therefore, the bequest motive remains inoperative and, thus, the
degenerate initial distribution of altruistic transfers is not affected by the introduction of this social security scheme.
(b.i) From combining (A.3) and (2.6) whe = 0, we have that

U (R&(b(0): 0)) = 5u'(6y (0; 0)).
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Therefore, sinc®(0) is strictly positive and(-; 0) is strictly increasing, the following condition holds before introducing
the social security scheme:

u'(R8(0; 0)) > 8u’(Ey(0; 0)). (A.12)
Define the threshold pensidhas the one that solves the following equation:

u'(R8(0; 0) + NP) = 5u’(Ey(0; P)). (A.13)

From (A.12) and (A.13) it is clear that the threshold pendtois strictly positive. This is so becauaés strictly concave
andéy (0; P) is non-increasing ifP for R > N wheneverg(0; P) = 0, as follows from Lemma 3. Moreovel, < w as
a consequence of the Inada conditions at the origin.

Let us consider the threshold pension Rxlefined in (A.13). Then,

u'(R8(0; 0) + N P) < 8u’(Ey(0; P)), (A.14)

for all P € (P, w), sinceu is concave andy (0; P) > Cy(0; P) under the assumptions imposed for this case.
Clearly, (A.14) is incompatible with conditions (2.6) and (2.7). Therefore, the beljuesb(5(0; 0); P) left by altruistic

parents in the period where the pension is introduced should be positive. In this case, the same conditions (2.6) and (2.7)
imply that the bequedt satisfies

U'(R8(0; 0) — Nb' + N P) = su’(6y(b; P)).

Note thatb’ > 0, sinceu is strictly concave andy(-; P) is strictly monotonically increasing. The bequest motive
becomes thus operative immediately after the introduction of a peRsaira level larger tha®.

Finally, as follows from Propositions 4 and 5, the distribution of altruistic transfers after the introduction of the
pension converges to the degenerate one singe,ligb; = 0 whenbj1 = g(bj; P) andbg > 0.

(b.ii) For this case, we get

u'(R8(0; 0) + NP) > 8u'(8y(0; P)) = §Vy(0; P) > 5V§,(B(§(O: 0); P); P),

for all P e (0, P), where the strict inequality follows from (A.13), the strict concavitywfand the fact that now

Cy(0; P) < Cy(0; P); the equality follows from the envelope condition (2.6); and the weak inequality is a consequence
of the concavity oi\/{,(g P) and the non-negativity constraint on bequests. Thereﬁ(ﬁfo; 0); P) = 0 as dictated

by the first-order condition (2.7) evaluated at the period where the PAYG system is introduced. This means that the
bequest motive remains inoperative after the introduction of this social security scheme and, thus, the degenerate initial
distribution of altruistic transfers is not affected by the introduction of a pension loweRthan ||

Proof of Propositior8. For # = 1 the result follows directly from Barro (1974) since the altruistic agents
completely offset the effects of social security by means of adjustments in the amount of altruistic transfers within
the dynasty when the bequests motive is always operagveshenRSs > 1. In fact, from (2.6) and (2.7), we have that

u'(R3(b; P1) — Ng(b; P1) + NPy) = §u’(w — Py + g(b; Pr) — 8(g(b; Pp); Pp)),
when the pensions were at ley®] and the bequest motive is operative, whereas when pensions are set & lexe|
have

u'(R8(b; P2) — Ng(b; P2) + NP) = 8u’(w — P2 4 g(b; P2) — 8(g(b; P2); P2)).

Therefore, these two equations are compatible wddn P;) = S(b; Po), g(b; P1) = g(b; P») + (P, — P») and
8(g(b; Pp); P1) = &(g(b; Po); P,). By continuity, if = is close to one, then altruistic transfers increase when social
security is introduced. ||

Proof of Propositior9.  First, observe that from (A.9) we get

. ds 1+ RBNQ
| — = A.l
'mn%OdP 1+R2,BQ’ ( 5)

/A (he R N .
whereQ = %&E?), andCs(b; P) = Rs+ NP andCy(b; p) = w 4+ b — P — s satisfy

u'(Ey(b; P)) = RBU (Es(b; P)), (A.16)

which is the limit of the first-order condition (2.5) whentends to zero. Note that the Inada conditions on the utility
function u prevent the limit ofV4(s; P) from tending to infinity. This is so becausg(s; P) has to be equal to
Rsu’(y(b'; P)), as follows from combining (2.6), (2.7) and (2.8).
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Combine now conditions (2.5) and (2.8) corresponding to the maximization problem of a son of the individual
under consideration to get

Uw+b —P—5)=RB{(L—m)U (RS +NP) +7u' (RS + NP — Nb(s'; P))}. (A.17)
Implicit differentiation of (A.17) yields the following limit:
. db’ . ds
limy o= =1+ RENQ + (14 R2Q) (lim; o> ), (A.18)
dpP dpP
_ U(&sW';P)) A P) — &b D) — ;
whereQ’ = m, andés(b'; P) = RS + NP andéy(b’; p) = w + b' — P — &' satisfy
u'(Ey(b'; P)) = RBU' (&s(0'; P)). (A19)
Note also that we can rewrité\.19) as
AGs(b'; P))
R = A.20
P9 = G ®i P (20
where A(c) = _” (c) denotes the index of absolute risk aversion evaluatex] andés(b’; P) and cy(b’ p) satisfy
condition (A.19). Analogously, we have that
A(Es(b; P))
RBQ=—""—"". A.21
PQ= A6, b: Py (A.21)
Combine conditions (2.7) and (2.6) to get
U(Rs+ NP —Nb)=68u'(w+b — P —5). (A.22)

Implicit differentiation of the previous equation yields

ds NZ . db’ NZ RZ ds
I|m,,_>odP (1+ T) (Ilmnﬁoﬁ) — (1+ T) 5 <I|mﬂ_>0d ) (A.23)
whereZ = % andéy(®'; P) = w+ b’ — P — s and€a(b; P) = Rs+ NP — Nb'. Combining (A.18)

and (A.23), we get

gy RPPQ—RENQ + (%) (1+ R28Q)) [N T R(Iimﬂ_,og—gﬂ

lim; ,o-— (A.29)
dP Z + R2BQ (1+ NZ)
The sign of the above expression is the same as that of its numerator.
Note also that we can rewrite (A.22) as
Z _ APy (A25)

5~ AGyM;P)

We will proceed now with the proof of part (i). Assume thus tiRat> N and that the index of absolute risk
aversion is decreasing. A decreasing index of absolute risk aversion implied @b; P)) < A(¢y(b; P)) because
Cs(b; P) > Cy(b; P) as follows from (A.16) and the fact th&3 > 1. Hence, equation (A.21) implies thRBQ < 1.
Similarly, from (A.19) and (A.20), it holds th&®8Q’ < 1. Moreover, sincé > 1, we have thafa(b; P) < éy(b’; P)
and, given a decreasing index of absolute risk aversitiga (b; P)) > A(Cy(b’; P)). Hence, from equation (A.25) we
getthatz/s > 1.

From equation (A.17) we get the following expression:

ds 1 ds
N+R (Ilmnﬁodp> “REQ [l+ (Ilmnﬁod P)} (A.26)
Note thatN + R (Iimﬁ_,ogg) < 0 since Iin),ﬁog% > —1whenR > N (see equation (A.17)). Moreover,
1 ds . ds
RﬂQ [1+ (Ilmﬂ_md P)] > 1+ (Ilm,,_md—P> , (A.27)

sinceRBQ < 1. Therefore, from (A.26) and (A.27), it follows that

N + R<Iimnﬁo§—;> < [1+ (limmoc?f;)} . (A.28)
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If we apply inequality (A.28) to the numerator of ljm, o g5 dy , which was obtained in (A.24), we get

R%6Q — RENQ +( )(1+R25Q)[N+R<|lmn—>ojp>]

e (e o] (20 1o <)
ot (en{m o] (20 e 5]
e () )l (o n)

=—-RQ/ (% - 1) (R=N)+ (%) (1-RgQ) [ (hm,Hoéi )} <0, (A.29)

where the last inequality follows frolR8Q’ < 1 andN + R(Iimﬂ_mg%) <0andZ/§ > 1andR > N.

To prove part (ii) we just have to follow the same arguments as in part (i) and note that in this case the relevant
inequalities areR8Q > 1 and Iim,_>05dW§ < —1 so that inequalities (A.27) and (A.28) still hold. However, in this case
we have that

N + R(Iimnﬁodd—;> >0, (A.30)

as can be seen from equation (A.26) and the fact that nowjmg% < —1. Finally, combining inequality (A.30) with
RBQ’ > 1andzZ/s < 1andR < N, we obtain that inequality (A.29) also holds in this case||

Proof of Propositionill. Replicating the first steps of the proof of Proposition 9, we also obtain
expressions (A.17), (A.24) and (A.25). Recall that the sign of expression (A.24) is the same as that of its numerator,
since its denominator is positive.

We will proceed now with the proof of part (i). Assume thus tlat- N and that the index of absolute risk
aversion is decreasing. First we show tR##Q’ < Z/8 andRBQ < Z/§ because these properties will be useful later
on. SinceRBs > 1, the sequence of altruistic bequests is non-decreasing. Thergfore) andés(b’; P) > Es(b; P)
since second period consumption is increasing with respect to bequest. Mofg@veP) > Ca(b; P) becausd’ > 0.
Thus,és(b'; P) > Ea(b; P). A decreasing index of absolute risk aversion implies thats(b’; P)) < A(Ca(b; P)).
Hence, the last inequality implies that

A(Es(b'; P)) A(Ca(b; P)) z

RAQ' = Ay P) ~ A@yM;P) 5

Moreover, since first period consumption increases with the received inheritance, we héyeithRy < ¢y (b’; P) and
A(ey(b; P)) > A(Ey(b'; P)). Thus,
_ AGs(b; P)) ACa(b; P))  Z
RAQ= 460 Py = Ay Py ~ 5
since A(Es(b; P)) < A(Ea(b; P)) whenb’ > 0.
From equation (A.17) we get

. ds N—-R
N + R(Ilm,,_md—P> = m (A.31)

Substituting (A.31) into the numerator of (A.24), we get

U 2o N=R O\ _ o Z\ (1+R%Q
RAQ RﬂNQ+< )(”RﬂQ)<1+RZﬂQ>_(R N)[RﬂQ <)<1+RzﬂQ)}

_ R—-N
T 1+ R28Q
Whené tends to ¥ R, intergenerational transfers tend to zero at the steady state and, hence,
[ReQ@+R2Q) - ()@ + R%Q))]
2+ R2pQ/(1+ N2)

[RﬁQ/(H R28Q) — (%) a+ RzﬂQ/)} .

db() _ 1+R2/3Q

lims_1/rg (limﬁod—P ) (A.32)

b'=b=0

becauseRBQ = RBQ’ = Z/s whenb’ =b = 0.
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Now, we are going to show that the numerator of (A.32) becomes negative Sninereases marginally around
1/RB. We proceed by differentiating the expression between brackets with respeantbwe evaluate the resulting
derivative a8 = 1/RB. Such a derivative is

d d(z/s Z\ d(RBQ’
|:(1+R2/3Q) <RﬂQ>+(RZBQ) RIQ) _ (14 repy) I R(E) <£Q>]
8=1/Rp
_ d(REQ) _ d(Z/B)] R2 [d(RﬁQ) d(Z/S)} 0 A33
|: ds ds 8:1/Rﬂ 'BQ ds 5:1/R5 =% ( ' )
where the equality follows sinc®8Q = RBQ’ = Z/5 whens = 1/RB. The inequality in (A.33) holds since
d(RBQ) d(z/s) d 4(RBQ" d(z/8) '
e N R PR LCE o R T‘ﬁ_lmﬂ asz/s > RBQ andZ/5 > RBQ for

§ > 1/RB.
To prove part (ii) we just have to follow the same arguments as in part (i) and notice that in this case the relevant
inequalities areRBQ > Z/8 andRBQ’ > Z/§ for § > 1/RB. Therefore,

[d(RﬂQ’) B d(Z/ﬁ)} d(R8Q) d(Z/B)]

ds ds ds >0,

6=1/RB
and the numerator of expression (A.32) becomes thus negative,Birch in this case. ||

+R%6Q [

s=1/RB
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