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I. Introduction

What does insurance have to do with the macroeconomic effects of
fiscal policy? To an economist schooled in the traditional Keynesian
multiplier analysis, the answer would be a resounding "nothing!” In the
simplest Keynesian paradigm, the sffects of fiscal policy are analyzed
using the multiplier, which is based on a simple marginal propensity to
consume. The role of uncertainty--not to mention insurance--is not at
all apparent in this analysis. However, macroeccnomics and the analysis
of fiscal policy have progressed well beyond this simple framework.
Consumption behavior continues to be stressed in analyzing the effects of
fiscal policy, but the mechanisms that are currently emphasized are quire
different from those in the early Keynesian framework.

Most recent theoretical research on the effects of fiscal policy
proceeds by examining the effects of fiscal policy on the consumption and
portfolic decisions of individual consumers. The macroeconomic effects
of fiscal policy are then determined by aggregating the behavior of
individual consumers. If all consumers are identical, then, of course,
aggregation is particularly simple. Alternatively, if, as in much of the
research presented below, there is heterogeneity among consumers, then
the: aggregation of individual behavior must explicitly take account of
general equilibrium considerations and market-clearing relations.

The preferred frameworks for analyzing individual consumption
behavior are the life-cycle model of Modigliani and Brumberg [22] and the
permanent income model of Friedman {12]. Each of these approaches is
based on explicit utility maximizatiom by an individual consumer subject
to the constraints that face that consumer. The important insight shared

by these theories is that consumers form their consumption decisions on



the basis of their lifetime income rather than simply their current
income as in the Keynesian consumption function. Optimal consumption
behavior requires consumers tc forecast their future after-tax incomes.
Therefore, in responding to 2 tax change, for example, consumers must
forecast the future course of taxes as well as the current tax. Because
future incomes and taxes are not perfectly predictable, there is a demand
by zisk-averse consumers for insurance. The savings and consumption
decisionz of individual consumers will be greatly affected by whether
insurance of various types iz available and, if so, at what price. In
particular, the responses of individual consumers to various changes in
taxes depend on the nature of available insurance arrangements.

In discussing the importance of insurance arrangements, a broad
definition of insurance will be used. For the purposes of this paper,
insurance will be defined as any contingent arrangement that allows

individusl consumers tc mitigate random fluctuations in marginal urility.
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efinition is deliberately gemneral in order to convey the view that

ied to questions that at first glance
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insights about insurance cam be app
do not appear to have anything to do with insurance.
The majority of this paper is devoted fo situations in which

individuals face idiosyncratic risks. More precisely, much of the
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analysis examines situations in which a group of individuals all face the
same ex ante probability distribution for a random variable; but, ex
post, different members of the group chtain different realizations of the
random variable. If each individual’s realization of this random
variable were publicly observable, there would evidently be scope for
private insurance markets to pool these idiosyncratic risks. By

contrast, the last part of this paper will ignore idiosyncratic risks and



will focus instead on aggregate risks, in which all members of a cohort
experience the same realization of the random variable. In this
situation, the scope for private insurance is less evident, but a fiscal
authority could provide insurance.

The particular risks analyzed in this paper are of three sorts.
The first risk, which is discussed in section II, is associated with the
fact, that individuals do not know in advance exactly when they will die.
After analyzing the implications of this individual longevity risk for
individual saving and the distribution of %ealth, this framework is used
to analyze the effects of social security in the presence of alternative
private insurance arrangements. The second risk, discussed im section
111, is associated with the unpredictability of future income, and it
gives rise to precautionary saving. &n income tax provides a form of
insurance against fluctuations in income and thus mitigates the need for
precautionary saving. This interaction of the insurance aspects of the
income tax and saving behavior has important implications for the effects
of fiscal policy. The third risk, which is analyzed in section IV, is a
cohort-wide income risk that cannot be shared in private insurance
arrangements. However, a fiscal system of taxes and transfers can be
established to share this risk optimally across generations. After
presenting the features of an optimal system, the viability of such a

system is discussed.

II. Longevity Risk
Before analyzing the saving behavior of consumers in the presence
of longevity risk, it is useful to summarize briefly the implications of

the life-cycle model under the assumption that each consumer knows in



advance how long he or she will live. The life-cycle model has twe
fundamental components. First, each individual cares sbout lifetime
utility and, consequently, attempts to have a smooth profile of
consumption over his or her lifetime. Second, there is a typical life-
éycle pattern of income in which individuals earn labor income during
early and middle adulthood and are retired in late adulthood. In order
to gchieve the same level of consumption during retirement as during
working vears, it is necessary for individuals to save some of their

labor income and accumulate wealtr Then thi

&
[N
n

uring their working year
wealth is gradually decumulated to provide for consumption durin
retirement.

In 2 particularly restrictive form of the life-cycle model,
consumers are assumed not to have bequest motives. In this formulation
then, it is optimal for a consumer to end life with precisely zero
wealth. However, this implication is simply not bornme out by the data.*
While the implication that consumers die holding zero wealth is perhaps
too strong to be expected to hold exactly, many studies have indicated
that consumers decumulate wealth far too slowly, or not at all. Does

1

this failure of elderly consumers to decuwnulate theilr wealth indicate th

importance of a bequest motive, does it indicate an imperfection in life

nd/or health insurance marketsz, or does it indicate some more basic

o

flaw in the model? Although this question iz still waiting for a
£

definitive answer, recent research, which has focussed on the role of

insurance markets and bequest motives, has produced a rich array of

1 See, for example, Kotlikoff and Summers [21].

2 Davies {8] calibrated z theoretical model to actual mortality
probabilities and concluded that the uncertainty about one’s date of
death could potentially explain the failure of elderly consumers to
dissave.



insights.

A. Absence of Private Annuities

To begin the study of saving and bequests under uncertain
longevity, it is convenient to start with as simple a model as possible.
This model is taken from Abel [1]. & similar model of individual
behavior, which does not include a capital stock, is analyzed in
Eckstein, Eichenbaum and Peled {10},

Suppose that each consumer can live for at most two periocds. For
the moment, assume that a consumer does not have z bequest motive and
cannot buy life insurance or annuities. In the first period, the
consumer receives an inheritance, I, and inelastically supplies one unit
of labor theresby earning labor income Y. Also in the first period, the
consumer pays a tax T and consumes an amount c. Therefore, the
consumer’s total wealth at the end of the first period of life, which is
denoted by W, is

W o= I +7-T-c¢ (13

Suppose that this wealth is held in the form of riskless capital
and let R denote the gross rate of return on wealth between the first and
second period.: Thus, at the beginning of the second potential period of
life, the consumer’s wealth, including accrued interest; is R W. At the
beginning of the second potential period of life, the consumer gives
birth to G heirs. After the G heirs are born, the uncertainty about the
consumer’s longevity is resolved. With probability p, the consumef dies
at the beginning of the second period and the consumer’s estate is
divided equally among the G heirs; thus each heir receives R W/G.
Alternatively, with probability 1-p, the consumer survives. Each

surviving consumer receives a social security benefit S. Knowing that



this is the last period of his or her life, the consumer consumes
his resources. Letting x denote the consumption in the second pe
life, it follows that
¥ = BW4+S5 = RII+Y-T-=-c¢c]+8 (27
Equation (2) is the consumer’s lifetime budget constraint
next step is to specify the consumer’'s utility functiomn. It is
convenient to use the following special case of the Yaari [26] u

function
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where 0 < D < 1 is a discount factor representing the pure rate <
preference. The utility of old age consumption is discounted bo
because of time preference and because of uncertainty. The welgh
is the probability of survival.>

To derive the optimal consumption in the first period, sub
the budget constraint {2) intc the utility function (23} so that
of expected lifetime utility depends only on consumption when yo
Differentiating this expression with respect to ¢ and setting th
derivative equal to zerc yields the optimal level of comsumption

= a2 [I+7Y - T+ S5/R] [y

E*

where a = 1/{1+(1-p)D]. The coefficient a, which is between zer

one, is the marginal propensity to consume out of lifetime resou
Note that, in calculating the present of value of lifetime resou

social security benefit § is discounted by the riskless rate of

3 The utility function in {3) can be interpreted as the expecte
value of lifetime utility. Under this interpretation, it is imp
assumed in (3) that if the consumer dies at the beginning of the
period, then second-period utility is equal to zero. More gener
could write (3) as U = Inc + (1-p) D Inx + p D ¢ where ¢ is th
of second-period utility if the consumer dies young. For the pu
deriving the optimal behavior of the consumer, the value of ¢ igl
irrelevant.
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received by a type j consumer is
1407 o rwl-D g (10)

Equation (10) relates the inheritance of a type j consumer to the
wealth of a type j-1 consumer. Using this relation to substitute for the
inheritance in (9) yields

wdl - w0 v 1.ay WD g (11)

. -Equation (l1) can be used to solve for the wealth of all consumers.
Technically, it is a first-order linear constant coefficient difference
equation with the boundary condition given by (7). This egquation can be
easily solved. It can be shown that the wealth of a young type j
consumer, U(j), increases monotonically in j and, if {1l-a)R/C < 1, it
approaches a finite limit as j approaches infinity. Rather than present
the complete solution herea, it is convenient to focus on the average
value of W) in the steady‘state, which is denoted as W¥. It can be
shown that

v = w91 (1-a)pr/6) (12)
The variable W* is an interesting macroeconomic quantity; in

To

particular, it is' the per capita value of the private capital stock.’
see that W* is the per capita stock of private capital, recall that
surviving old consumers consume all of their resources. Thus, all
private saving in the economy is done by young consumers. . Since capital
is the only asset in this economy, the saving of young consumers, which
averages W¥ per capita, is equal to the private capital stock.

This simple model endogenously generates a cross-sectional

distribution of wealth. The mechanism generating the cross-sectional

4 See Abel [1] for z complete solution.

5 Striectly speaking, W¥ is equal to the total private capital stock of
the economy divided by the number of young consumers, rather than divided
by the total number of consumers.



variatien is that a fraction p of each cohort of consumers dies young and
thus leaves accidental bequests to their heirs. In this model, all of
the cross-sectional variation in wealth results from cross-sectional
variation in bequests. An additional feature of this model is that it
predicts a potentially substantial ratic of bequests to total private
wealth. Indeed, since a fraction p of each type of consumer dies young,

the.ratio of bequests to total private wezlth is equal to p.

Fully Funded Social Securiry: Although the mcdel presented above

is gquite simple, it provides some important insights into the effects of

a social insurance program. In particular, this model can be used to
examine the effects on consumption, capital accumulation and the
distribution of wealth of either a fully funded or a pay-as-you-go social
security system.

First, consider the effects of a fully funded social security
system. In such a system, the government collects a tax T from each
young consumer and invests the proceeds in capital. In the next period,
the social security fund is worth RT and is distributed evenly to the
surviving members of the cohort of elderly consumers. Thus, each
surviving consumer receives a social security payment S such that

RT = (1-pjs {13)

The effects of the introduction of social security can be evaluated
by comparing the equilibrium values of variables under the social
security system with the values that these wvariables would attain in the
absence of social security (with T = S = 0). The consumption of type 0
consumers can be calculated by substituting the relation between the
social security parameters S and T in (13) into (6) to obtain

O o ey 4T/ (14)
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Inspection of (14) reveals that the introduction of fully funded
social security increases the consumption of young type 0 consumers by
apT/(1l-p). This increase in consumption reflects the intra-cohort risk
pooling of the social security system. Each consumer contributes T to
the social security system, but a fraction p of each cohort dies young
and thereby surrenders its claim to social security benefits to the
remaiming fraction l-p of the cohort. Thus, risk pooling increases the
present value of lifetime resources of each survivor by pT/{1-p).
Multiplying this increase in lifetime resources by the marginal
propensity to consume, a, yields the increase in consumption of young
type 0 consumers.

The wealth held by young type 0 consumers can be calculated by
substituting the relation between the social security parameters S and T
from (13) into equation (7) to obtain

wO® o ayy ST oapT/i-p (15)

The introduction of fully funded social security reduces the wealth
held by young type O consumers, and this reduction in wealth is
decomposed into two parts in (15).  First, even if a young. type 0
consumer maintained consumption unchanged with the introduction of social
security, the consumer’s wealth would decline by the amount of the social
security tax, because first-period disposable income is reduced by T.
Furthermore, as explained above, a young type 0 consumer increases
consumption by apT/(l-p), which reduces saving by an additional apT/(1-
p).

Because the saving of young type 0 consumers is reduced by the
introduction of fully funded social security, those type 0 consumers who

die young leave smaller bequests in the presence of social security than




in its absence. Therefore, the introduction of social security reduces
the inheritances received by type 1 consumers. These consumers in turn
leave smaller bequests in the presence of social security than in its
sbsence. Indeed, in the new steady state the accidental bequest left by
gach type i consumer is reduced by the introductiocn of secial securicy.
Therefore, the intreduction of sociazl security reduces the inheritances
received by all consumers {except for type 0 consumers who receive no
inheritance in sither case). Because the only source of cross-sectional

ntra-cohort variation in inheritances, it follows that

[y

variation is the
fully funded social security narrows the steady state distributions of
consumption and wealth.® In addition to reducing the intra-cohort
variation in wealth, the introduction of fully funded social security
affects the average level of wealth in the economy and the size of the
national capital stock. The national capital stock (per young person;,
K#, is equal to the sum of the private capital stock, W¢, and the capital
held by the social security system, T. Recalling from {12} that the

. - : - A0 :
private capizzl stock is propertional to W'Y/ and recalling that the

rh

introduction of social security reduces the value of W(O), it follows
that the introduction of social security reduces the private capital
stock. Morecver, it can be shown that the reduction in the private
capital stoek, W%, is greater than T. Therefore, the national capital
stock, ¥* = Wk + T, declines in response to the introduction of social
security.

The effect of social security om the average level of consumption

6 Chu [7] extends this model to make the rate of return on capital and
labor income endogenous. He further modifies the model to make social
security taxes proportional tc labor income and shows that linking the
social security tax to income leads to different results sbout the
distribution of wealth,

o)

(o]



can be calculated using the national income identity. To derive this
identity, let N _ denote the number of young consumers born in period t.
The assumption that each consumer has G children implies that H. = GNt-l’
Gross national product in period t is equal to the labor income of young
consumers, N_Y, plus gross capital income, R Nt_l(w*+T).7 Gross national
product is allocated to consumption and saving. Total consumption is
equal-to the consumption of the young consumers, N, c*, plus the
consumption of the surviving old consumers, (l-p)N__;x*¥. Gross national
saving is equal to the saving of the young consumers, N W%, plus the
gross: saving of the social security system, N.T. Equating the sources

and uses of gross national product yields

e

H.Y + R Ny 4 {WHT) = Noc* + (1-p)N,_(x% + N (W+T) (16

Equation (16) simply states that gross national product is equal to
consumption plus gress investment. Dividing both sides of (16} by N, and
recalling that N /N, 1 =G and K¥ ~ W& + T yields

c* + [{1-p)/G] x* = Y . + [R/G - 1] K*¥ (173

The left hand side of {17} is aggregate consumption per capita.

7. The definitions of gross national product, gross capital income, gross
national saving and gross investment used here differ somewhat from those
used in the national income accounts. Recall that one unit of capital in
period t yields R units of the consumption good in period t+l. Using
more standard terminology, K is equal to 1 - d + r where d is the rate of
depreciation and r is the rate of return on capital before subtracting
depreciation. ~With this notation, gross national product in period t is
NtY + rNt_l(W* +. T); gross capital income is rNt_l(W*+T); gross
investment, which is net investment plus depreciation, is NC{W*+T) -
No 1 (Wk+T) + dN__((W*+T); gross saving of the young generation is N_W¥;
and gross saving of the old generation, which ig net saving plus
depreciation, is -{1-p)Nt_lx* + d(l-p)Nt_lw*. In the special case of
complete depreciation, 4 = 1 and therefore R = r. In this case, gross
national product is N.Y + RN, _({W* + T); gross capital income is
RNt_l(W*+T); gross investment is Nt(w*+T); gross saving of: the young
generation is N W¥; and gross saving of the old generation is zero. Thus
in the case of complete depreciation, the concepts of the gross national
product, gross capital income, gross national saving and gross investment
used in the text correspond to the standard national income accounting
definitions.

13



Recall that the introduction of fully funded social security leads to a
reduction in the national capital stock, K¥, on the right hand side of
(17y. 1If the rate of interest exceeds the population growth rate, then
R/G - 1 is peositive and the reduction in K* implies a reduction in
consumption per capita. Alternatively, if the interest rate is less than
the population growth rate, them R/G - 1 is negative and the reduction in
the mational capital stock K* implies an increase in consumption per
capita.

The relation between aggregate consumption and the aggregate
capital stock inm (17) is related to Phelps’s [23] famous Golden Rule
result. In order to maintain a constant level of capital per capita, it
is necessary that the capital stock grow at the same rate that population
grows. Thus, if the level of capital per capita is to be increased
permanently by one unit, then the level of gross investment in each
period must be increased by & units per capita. The benefit of
increasing the capital stock by one umit per capita is that gross capital
income is increased by R units per capita If R is greater than G, then
the increased capital stock will increase steady state consumption;
whether the economy should temporarily decrease consumption in order to
accumulate capital and increase long-run consumption depends on soclety’s
prefersnces for present consumption relative to future consumption.
Alecernatively, if R is less than G, then steady state consumption can be
increased by a decrease in the capital stock. There is no tradeocff
between current and future consumption in this case. An increase in
current consumption will reduce rhe capital stock and increase future

consumption. Clearly, if an economy is ever in the case with R < G, it

should decrease its capital stock; this would increase consumption at all
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dates, which would be Pareto-improving.8

The case in which R is equal to G receives special attention. In a
model with a neoclassical production function, the rate of return on
capital, R, is a strictly decreasing function of the capital stock;
hence, there is a unique value of the capital stock for which R = G.

This value of the capital stock is called the Golden Rule capital stock.
The folden Rule capital stock is the capital stock that maximizes the
permanently sustainable level of consumpticn. Any capital stock greater
than the Golden Rule capital stock is too large in the sense described
above, because R would be less than G.

Pay-as-you-go Social Security: A pay-as-you-go social security

system differs from a fully funded system in that the social security
system does not hold any capital under a pay-as-you-go system; the taxes
collected. from the young consumers are used to pay the benefits to the
old consumers in the same period. In each periocd, the young cohort is
G/{1-p) times as large as the surviving old cohort. ' Therefore, setting
total tax collections from young consumers equal to the total benefits
paid to the old consumers yields the following relation between the
social security parameters S and T
GT = (1-p)S (18}
The consumption of young type 0 consumers is calculated by
substituting (18) into (6) to obtain
cf0) — avy + afl - (1-p)R/G] (S/R) (19)
Equation (19) indicates that the consumption of young type 0
consumers may either increase or decrease with the introduction of pay-

as-you-go social security, depending on whether G exceeds or falls short

8 See Diamond [9] for a demonstration that a competitive economy may end
up with an inefficient overaccumulation of capital.



of (1-p)R. This result is to be contrasted with the finding that fully
funded social security unambiguously increases c{®) . To understand this
difference, one can view the social security tax T as the price paid for
a contingent claim that pays S if the consumer lives for two pericds.

Zhe gross rate of return on this céaiﬁ is §/T. 1If this gross rate of
return, S/T, exceeds the rate of return available on the consumer’s
portfelio, R, then the introduction of social security will effectively
make the consumer richer and will increase consumption. However, if the
rate of return on social security falls short of the rate ofvreturn or
the consumer’s portfolic, then the introduction of social security will
reduce the consumption of young type 0 comsumers. HNow observe from (13}
that the rate of return on fully funded social security, §/T, is equal to
R/(1-p) which exceeds R if p > 0. Thus, fully funded social security
leads to an increase in c(o). Alternatively, {(18) Implies that the rate
of return om pay-as-you-go social security, 5/T, is equal te G/{l-p)
which may be greater than, less than, or equal tc R. Therefore, pay-as-
you-go social security may lead to an increase, decrease, or no change in

{0,

Although the introduction of pay-as-you-go social security may
paj y Y

either raise or lower C{O), inspection of (7) reveals immediately that 1t

unambiguouly reduces the saving of young type O consumers, w0 as with
fully funded social security, the reduction in w(© implies that the
inheritance received by each type j comsumer (j > 0) is reduced. Again,
the reduction in all nonzero irnheritances implies that the cross-
sectional variation in wealth is reduced. Also, the reduction in w(O

again implies that the per capita value of private wealth, W%, is reduced

by the introduction of social security. Under pay-as-you-go social
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security, the government does not hold any capital; the national capital
stock is equal to the private capital stock. Because pay-as-you-go
social security reduces the private capital stock, W¥*, it also reduces
the national capital stock. Again (17) indicates that consumption per
capita will fall if the iﬁterest rate, R, exceeds the population growth
rate, G, but will increase if R is less than G.

< "B. Annuities

The model presented above has yielded some important insights about
the behavior of individual and aggregate saving, and about the effects of
social insurance, in the presence of uncertain individual longevity.
However, the model has at least two unsatisfactory implications. First,
because consumers are assumed to be selfish, they would choose to hold
all of their wealth in annuities, even if the annuiries were not
actuarially fair. Provided that an annuity pays a greater return than
riskless capital in the event the consumer survives, the consumer would
choose to fully annuitize his or her wealth. Thus, there is an incipient
demand for annuities, and a satifactory treatment would either include
annuities or would provide an economic reason why there are no annuities
in equilibrium.  The model presented above simply rules out annuities by
assumption. However, annuities will be introduced into the analysis
below.

The second unsatisfactory feature of the model is that the children
of the richest consumers are among the poorest members of the economy if
their rich, but selfish, parents live for two periods and thus leave no
bequest. : In . this model, the only channel for the preservation of a
family’s wealth across generations is. through accidental bequests which

occur with early death. This feature of the model can be eliminated by



introducing a bequest metive. In order to be able to focus first on the
implications of an annuity market, the introduction of the bequest motive
will be delayed until section C.

Now suppcse that there is a competitive market for annuities,9
Each dollar invested by a young consumer in an annuity yields Q dollars
in the following period if the consumer survives; the consumer’s estate
receives nothing if the consumer dies after only ome period of life.
Insurance companies sell these annuities and invest the proceeds in
riskless capital which pays a gross rate of return R. In the following
period, insurance companies distribute the premjums with accrued interest
to the surviving annuitants in proportion to their contributions when
young. The gross rate of return earned by survivors is equal to R/(1-p).

The introduction of a competitive armmuity market into the model
dramatically alters the nature of the equilibrium and the effects of
social security. Because R/{1-p) exceeds R, annuities dominate riskless
capital and all consumers would choose to hold all of their wealth in the
form of annuities. Therefore there would be no bequests--accidental or
otherwise, Hence, there would be no cross-sectional variation in wealth.
In this situation, it is appropriate to use a "representative consumer”
model .

In the presence of an annuity market offering a gross rate of
return §, the consumption of z representative old consumer, x, is

X = QW+S = Q[Y-T-c¢cl+5 (20)

The optimal level of consumption when young can be calculated by

9 Kotlikoff and Spivak [20] discuss the role of the family in helping to
provide annuities. The annuity protection offered by family members is
not, of course, as complete as the insurance available in competitive
annuity markets. Nevertheless, this annuity protection does affect
consumer behavior.



substituting the lifetime budget comstraint (20) ints the utility
function (3) and then differentiating the resulting expression with
respect to c.  Setting this derivative equal to zers yields

c = a {(Y - T+ 5/Q] ' (213
where, as earlier, the marginal propensity to consume,ba, is equal to
1/{1+(1-p)D]. Equation (21) states that the consumption of a young
consumer is proportional to the present value of lifetime rescurces,
where the future social security benefit, §, is discounted by the
actuarial rate of return Q. Alternatively, recalling that in a
competitive annuity market: Q = R/(1l-p), the consumption funmction in (21}
can be written as

c = al[¥ - T+ (1-p)S/R] (22%

The consumption function in (22} indicates that in the presence of

a competitive annuity market, the appropriate concept of lifetime income
is the expected present value of income.

Fully Funded Social Security: How consider the effects of

introducing a fully funded social security system as characterized by
(13). Substituting the social security parameters from (13) into the
consumytion function (22) yields

c = a¥ (23)

Equation {23}, which presents the optimal level of consumption of a
young consumer in the presence of a fully funded social security system,
displays a remarkable result. This equation indicates that the optimal
level of ¢ is independent of the values of the social security parameters
T and S.  Thus, the optimal level of ¢ is invariant to the introduction
of fully funded social security.

The reason for the irrelevance of social security in the presence



of a competitive annuity market is that fully funded sccial security

m

simply provides consumers with a redundant asset. As stated earlier,
consumer’s claim to the social security benefit S can be viewed as an
asset with a gross rate of return equal to 5/T. Under fully funded
social security, this rate of return is equal to R/(l-pJ, which is
precisely equal to the rate of return on privately available annuities.
Thus., -while the social security system essentially forces young CONSUmers

to purchase an annuity, the consumers can exactly offset this effect by

reducing their holdings of private amnuities by an equal amount. Because

the payoff characteristics of the private anpuity are identical to those
of s&cial security, the consumer can obtain exactly the same state-
contingent stream of consumption after the introduction of sccial
security that could be obtained before its introduction. Furthermore, it
will be optimal for the consumer to offset the effect of social security,
because the initial state-contingent consumpticn plan was optimal. Since
the intreduction of fully funded social security does not change any
relative price and does mot change the consumer’s opportunity set in any
way, the original optimal plan remains opt timal.

The irrelevance of fully funded social security in the presence of
5 competitive annuity market is an example of a more gemeral phenomenon
that is known as the Ricardian Equivalence Theorem. Briefly, the
Ricardian Equivalence Theorem states that changes in the timing of lump-
sum taxes, holding constant the path of govermment spending, have no
effect on the allocation of consumption. The reason is essentially that
consumers can, and will, offset the effects of such changes by adjusting

their savings and/or bequest behavior.

As shown above, the Ricardian Equivalence Theorem applies to fully



funded social security in the presence of an actuarially fair private
annuity market. However, there are at least two sources of departure
from the Ricardian Equivalence Theorem in the case of fully funded social
security. First, it should be noted the invariance of consumption to the
introduction of fully funded socical security is a direct consequence of
the fact that the rate of return on social security is exactly the same
as the rate of return on private annuities. If, for some reason, the
rates of return on private annuites and social security were not
identical, then the Ricardian Equivalence Theorem would not hold. For
example, if the rate of return on social security exceeded the rate of
return on private annuities, then the introduction of social securicty
would increase the expected present value of lifetime income and would

16 Of course,

lead to an increase in the consumption of young consumers.
the question then arises as to why the govermment would be able to offer
a higher rate of return on annuities than the private sector could. It
would appear. to be difficult the make the case that the government is
more efficient in providing annuities, and it would alsc appear to be
difficult to make the opposite case, a priori. An alternative

explanation, which is discussed below, is that if consumers face

risks, and have private information aboutr these

risks, then the private annuity market would be subject fo adverse
selection. However, the government could, by requiring a compulscry
level of social security coverage, be immune to adverse selection and
thus offer a higher rate of return.

A second reason why the Ricardian Equivalence Theorem may not hold

10 Karni and Zilcha {17} examine the effect of social security in the
presence of unfair annuity and life insurance markets in a model that
includes a bequest motive.
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Pay-as-you-go Social Security: Although a fully funded social

security system is ineffectual in the presence of a competitive annuity
market,: this is not true, in general, for a pay-as-you-go system. To
determine the optimal level of consumption under pay-as-you-go social
security, substitute the social security parameters from {18) into the
consumption function (22) to obtain

.- & = a¥+4|[G/R-1]T {25y
If the rate of interest exceeds the population growth rate, then
G/R - 1 is negative and the introduction of social security leads to a
reduction in consumption of young consumers. The reason for this
reduction is quite clear. The rate of return on pay-as-you-go social
security, S/T, is equal to G/(l-p) and the rate of return om private
annuities is R/(l-p). Thus, if R > G, then the intreoduction of social
security forces young consumers to hold annuities with a lower rate of
re;urn than is available in the private market. Therefore, consumers are
made poorer by the introduction of social security and they reduce their
consunmptrion:

If the rate of interest is less than the population growth rate,
then G/R - 1 is positive and the introduction of social security
increases consumption. Furthermore, the introduction of social security
is Pareto-improving in this case. 1In the period in which pay-as-you-go
social security is introduced, rhe members of the oid generation are
clearly better off because they receive the social security benefit S
without ever having had to pay social security taxes. In addition, each
subsequent generation is made better off by the introduction of social

security because it provides them with an annuity that dominates the

11 See Hubbard and Judd {16] for a more complete discussion of the
effects of social security in the presence of borrowing constraints.
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Consider a consumer born in period

bequest motive, a consumer obtains utility from the utility of his heir
as well as from his own consumption.
-

t contingent

who comsumes ¢, in period t and,

in period t+l. Let V_ denote the total util

ity

on survival, comsumes X, .4

of this consumer and let

V.,1 denote the total utility of his or her representative heir, who is



born in period t+l. Suppose that the consumer’s utility function is

Ve = loncel + (1-p)D ln x g + B E Vi) (26)
where E { } denotes the expectation conditional on information in period
t.  The parameter f§, which is assumed to lie between zero and one,
measures the strength of the altruistic bequest motive.

The utility of an altruistic consumer depends om his or her
children’s utility, which in turn depends on their children’s urilicy,
and so on. Thus, the utility of a consumer depends on the entire stream
of consumption over his or her own lifetime and over the lifetimes of

all of his or her descendents. Formally, the recursive specification of

altruistic preferences in (26} is a linear difference equation that is

satisfied by the following infinite-horizon utilicy functienlz
@O
Ve = ZEBI[In cpyy + (1-p)Dln xpyg,5]) (27)
j=0 N

Now consider the effects of social security in the presence of an
altruistic bequest motive. . It is easiest to begin with the case in which
all consumers live for two periods with certainty (formally p = 0.
First, consider & fully funded social security system in which RT = S.

As in the case without a bequest motive, fully funded social security
will have absolutely no effect. 1In response to the introduction of fully
funded social security, young consumers will maintain their original
levels of consumption and will simply reduce their private saving by T.
In the following period, when they are old, their portfolios of private
assets will be worth RT less than in the absence of social security, but

they will receive a social security benefit of § = RT that allows them to

12 Douglas Gale [13, pp. 55-61] has emphasized that equation (27) is
only one of an infinity of solutions to the difference equation in (26).
However, (27) is the specification that is generally used in the
literature.

25



maintain the original level of old-age consumption.

Now consider the intreduction of pay-as-you-go socilal security in
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eceive a payment o
they will not increase their consumption st all. Instead, they will
chogse to increase their bequest to each of their heirs by 5/G. This
increassd inheritance exactly offsets the tax burden T levied on each of
the young consumers. Thus, zll young and old consumers are zble to

maintain the original

and marginal rates of substicution remain un

anged, there is no
incentive for anyone to change consumption.

The discussion zbove demonstrates that in the absence of longevity
Equivalence Theorem

pay-as-you-go social

ay-as-you-go. When

Rel

longevicy risk is model, the Ricardian Equivalernce

Theorem does not hold quite so generally. It does continue to hold for

fully funded sccial security. Because the rate of return on fully funded

social security, 5/T, is equal to the rate of return on private

security by reducing their holding of private anmuities by T; they

maintsai

o

their consumption unchanged.
The effects of pay-as-you-go social security in the presence of
longevity risk and altruistic preferences are more interesting. Consider

the pericd in which the pay-as-you-go social security system is

26



introduced. All surviving old consumers receive a social security
benefit S = GT/(l-p). However, because a fraction 1-p of families have a
surviving old consumer and the remaining fraction p of the families do
not have a surviving old consumer; this payment to surviving old
consumers induces a redistribution of wealth across families. In
particular, there is a redistribution from families without a surviving
01d consumer to families with a surviving old consumer. Each surviving
old consumer will see that the present value of his or her family's
resources is increased by the introduction of social security.

Therefore, surviving old consumers will increase their own consumption
somewhat and will also increase their bequests somewhat in order to share
the increase in wealth with subsequent generations.. By contrast, the
young consumers in families without survivors will see a decrease in
their families’ wealth and they will reduce their own consumption and
their bequests.

The argument above indicates that the Ricardian Equivalence Thecorem
fails to apply to pay-as-you-go social security under longevity risk,
even if consumers have altruistic bequest motives. However, a staunch
defender of the Ricardian Equivalence Theorem would not concede the case
so quickly. A defense of the Ricardian Equivalence Theorem would argue
that the analysis in the paragraph above has ignored a relevant insurance
market. More precisely, if the introduction of social security was at
least conceivable in the prior period, then each young consumer would
have taken steps to guard against the risk of having social security
introduced during a period in which there were no surviving old consumers
in his or her family. Each young consumer in the previous period would

have agreed to give up any social security bemefir, S, received in the

27
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subseqguent pericd in exchange for {1-p)8 to be pald to the consumer, or
his estate, in the following period. If this sort of tax liability
insurance arrangement were in force, then the introduction of pay-as-you-

g0 social security would have no effect on the allocation of private

1G]
(a4
4
s
g
w
ot
I
]
L
4
o
™
july
o
el
Uy
~h
m
Ll
1
h
[
g
0
i
b
£,
z
0
g
)
[o]
o]
rh
Lol
o
(0]
o
Iad
ol
o
E}
h

trading future social security benefits

v and/or willingness of consumers to anticipate and

ali concelvable contingencies.

The altruistic specification of the bequ
often implies that individual consumers will take actions to completely

nullify the effects of various lump-sum tax and transfer policies. An

of the begquest; 1t does not depend on
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V. = 1nc, + (1-p) D 1n xpy + pHEDPD) + (L-p)HBS)  (28)
is the beguest 1if the consumer dies after one peried, and Bst
ig the bequest if the consumer survives for two periods. Under the
specification in (28), the utility fromw leaving a beguest of size b is

s assumed that H'(b) > 0 and H"(b) < 0.
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To analvze oprimal consumption and portfolic behavior under the
7 2 ¥
lity function in {(28), let A, denote the amount of wealth that the
t

consumer holds in the form of amnuities at the end of periocd t; the



remainder of the portfolio, T + Y - T - ¢ - A, is held in the form of

riskless capital. If the consumer dies young, the bequest, BDC, is equal
to the value of riskless capital with accrued interest

B - 14+ Y-T-c

¢ - AR (29a)

t

Alternatively, if the consumer survives for two periods, wealth in
the second period consists of the principal and interest on annuities as
well as on riskless capital; in addition, the consumer receives a social
security benefit, S§.  Total available resources are allocated to

consumption, . x , and to the bequest, Bst, so that

t+1

BS w [T +Y-T-c

. S AR+ AQ+ S - xy (29b)

t

The young consumer’s consumption and portfolio decisions can be
solved by substituting (29a,b) into (28} and then differentiating with

and A&

respect to c \ .- The solution to this problem is presented

tr Frels
in Abel {2]. The discussion below focusses on a few interesting
implications of optimal behavior.

Optimal behavior implies' that the consumer would be indifferent
between investing an additional deollar in riskless capital or in

13 An additional dollar invested in annuities would be worth

annuities.
Q dollars in the following periecd if the consumer survives. ' This

additional wealth could be used to increase the bequest BSt by G units,

thereby: increasing expected utility by (1-p)Q H’(BSC). Alternatively, an-

13 If the consumer faces a binding constraint on the holding of
riskless capital or annuities (such as a nonnegativity constraint), then
he would not in gemeral be indifferent about whether to invest an
additional dollar in riskless bonds or in annuities.  For this particular
optimization problem, the consumer will choose to hold positive amounts
of both riskless bonds and annuities provided that H’(b) approaches
infinity as b approaches zero; thus, any nonnegativity constraints on the
holdings of capital or annuities would not be binding.

29



extra dollar invested in riskless capital would be worth R dollars in the
following period regardless of whether the consumer dies or survives. In

either case, the consumer could increase the bequest by R dollars,

D

thereby increasing expected utilitcy by {l-p)RH‘(BSt} + pRH'{B
Therefore, the consumer will be indifferent between investing the dollar
in riskless capital and annuities if

) = R @S + R EBY) (30)

ecall that if the annuities are actuarially fair, then (1-p)Q = R.

or she lives for one or two periods. This

result depernds on the fact that the marginal utility of a bequest does
not depend on whether the consumer lives for one period or for two

y-of-giving function H(b} deces nct depend

for one period or two periocds. {(The same

1

beguest motive.) The intuition

The strategy to achieve full insurance is implemented by
holding just enough riskless capital to provide for the desired bequest

and just enough annuities {including the contingent claim on the future

=~

social security benefit §) to provide for second-period consumption.i
The introduction of a fully funded social security system has no

effect under a joy-of-giving bequest motive. The reason, as in the

sbsence of a begquest motive, and as in the presence of an altruistic

14 See Sheshinski and Weiss [24].



31

bequest motive, is that the annuity provided by the social security
system offers exactly the same payoffs as the privately available
annuity. Therefore, consumers. can, and will, choose to fully offset the
effects of social security.

The effects of pay-as-you-go social security under the joy-of-
giving bequest motive differ quite dramatically from the effects under
altruism. The difference is most clear in the case in which all
consumers live for two periods with certainty (p=0). Recall that under
altruism, when the pay-as-you-go social security system is introduced,
old consumers simply bequeath the payment, S, to their children in order
to compensate them for their increased tax of S/G per capita. However,
under the joy-of-giving bequest motive, it would not be optimal for cld
consumers  to maintain their consumption unchanged while increasing their
bequests by 5. The reason is that the utility from leaving a bequest
depends only on the size of the bequest and not on the utility or
consumption of the heirs. Thus, in response to receiving the payment S,
old consumers would increase both their consumption and the bequest they
leave, Essentially, consumption and bequests are both goods that enter
the consumer’s utility function, and, furthermore, these are the only
arguments of the utility function. Consumption and bequests are each
specified to be normal goods in (28) so that in response to an increase
in income, the consumer optimally increases consumption of both of these
goods.

The analysis in the paragraph above indicates that for the purpose
of analyzing the Ricardian Equivalence Theorem, it is extremely important

whether the bequest motive is of the altruistic or joy-of-giving variety.



The reason is that under altruistic preferences the consumer cares about
the entire stream of his or her family’s consumption. Because the
consumer does not care about the size of bequests per se, he or she is
indifferent among changes in begquest patterns that maintain the initrial
allocation of consumption. Thus, in response to certain lump-sum tax and
transfer policies, the consumer maintains the original path of
consumption simply by rearranging bequests. However, under the joy- of-
giving bequest motive, the consumer cares directly about the level of

find al to rearrange bequests

it optima

.

bequests, and therefore does not
while keeping consumption unchanged.

D. Heterogeneous Mortality Probasbilities

Up to this point it has been assumed that all consumers face
identical mortality probabilities ex ante. However, if consumers have

3

es of survival, then there are additional chanmels

he

different probabilit
through which fiscal pelicy may operate. In addition, heterogeneity of
ex ante mortality probabilities vaises the possibility of adverse

selection in the private annuity market, which has important consequences

uities and for the efficacy of fiscal policy.

H‘

for the pricing of anm

The implications of heterogeneous ex ante mortality probabilities

are clearest in the absence of & beguest motive so the discussion below

will be confined to this case. In the absence of bequest motive, and

e

n the presence of private annuities, all consumers will choose to hold

their wealth entirely in annuities and hence there will be no bequests or

inheritances. The major strategic decision in developing a model with

15 The effects of fiscal policy under heterogeneous mortality
probabilites and a joy-of giving bequest motive are examined in Abel [Z]
and [371.

L
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heterogeneous mortality probabilities is whether to assume that an
individual consumer’s probability of dying, p, is known only by that
consumer or whether it is a publicly available bit of information. ' The
discussion below begins with the assumption that each consumer’s valuse of
p is known by insurance companies. Next, the discussion will turn to the
case in which the value of an individual’s mortality probability is
private information. These two cases are based on Abel [3] and [2],
respectively.

Public Knowledge of Mortality Probabilities:  Suppose that the ex

ante mortality probability of each consumer is known to everyone,
including insurance companies. Under this assumption, of course,
competitive insurance companies will offer annuities with different rates
of return to consumers with different values of p. Annuities will be
priced to be actuarially fair to each consumer so that a consumer with a
probability Pj of dying young can buy annuities that offer a rate of
return

Q = R/(1-py) (31)

If follows immediately from (31) that consumers with a high
probability of dying young will be. able to purchase annuities with a high
rate of return. Equivalently, these consumers can buy a given contingent
payoff in the second period more cheaply than could healthier consumers
who have a lower value of p. However, the expected rate of return on
annuities, (1~pj)Qj, is identical for all consumers and is equal to R.

Suppose that all consumers have logarithmic preferences as

specified in (3). Let c(p) denote the consumption of a young consumer



whose probability of dying young is equal to p. It follows immediately
from the consumption functi in (21} that

c(p) = alpy [Y - T+ (L-p)S/R] (323
wher (Y = 1/71 (1-p3D1 Observe that th areinal D nsity ¢
where a{p) /{1 + (1-piDi}. bserve that the marginal propensity Lo
congsume, 2{pJ, creasing function of p. Thus, if § =T = 0, then

consumption of young consumers would be an increasing function of p. The
reasor is that with logarithmic preferences and second-period income,

the rate of return on savings.

[ Y

consumption when young is independent of

Thus, the fact that consumers with a higher value of p can obtain

annuities with a higher rate of return is irrelevant

decision. Howsver, because consumers with a high p have a small chance

of enjoying consumption in the second period, rhey will consume more when

o~

is an increasing function of p,

'

are voung. 1his result, that c{p

rovided that the values of these tax

Rl

insurance companises; vather, the assumption is that, for some reason,

the social security system does not discriminate accor ding te mortality
probabilities. Under a fully funded socia 1 security system, the benefits

and taxes satisfy

(1-p*)S = RT (33)

34
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where p* is the average of the ex ante mortality probabilities of young
consumers. Substituting the social security parameters from (33} into
the consumption function {32y yields
e(p)y = a(p) [Y + (p*-p)T/(1-p*)] (34)
Observe from {34} that the consumption c¢f young consumers with a
I

jat=

igher than average probability cf dyin > p*} is reduced by ¢
g ge p ¥ ying ip B ¥

the consumption of young conumers with

,_4.

roduction of social securirty

a lower than average probability of dying is in creased by the
introduction of social security. These effects on consumption reflect

social security redistributes income
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the fact tha
from consumers with a high value of p to consumers with a low value of p.
g P L
The social security system forces censumers to hold an annuit with gross
=

rate of return 5/T = R/{l-p*). For consumers with p > p*, this race of

<t

return is less than the rate of return available on private annmuities and

st

thus these consumers are made poorer by the introduction of socia

security. By contrast, for

by social security offers a

available to them. Hence
their consumption.

espurces, and hence

The introduction of social security shi
consumption, away from consumers with a high value of p toward consumers
with a low value of p. Because consumers with a high value of p
initially had high consumption relative o consumers with a low value of
p, this redistribution of resources reduces the cross-sectional variation

in consumption. Note that the mechanism for reducing cross-sectional

variation differs from the mechanism in the case without annuities and



with accidental bequests. In that case, the source of cross-sectional

variation was accidental bequests; by reducing savings, social security

J

present model, there are no bequests. The source of variation, in the

rhy
ot

security, is the difference in marginal propensities o

[

absence of socia
consume which results from different mortality probabilities.

. ~In additicn to reducing cross-sectional wvariation in consumption,

the introduction of fully funded social security reduces the average

resources

comsumers) to cousumers with a low marginal propensity to consume {low p

consumers). This result can be derived formally by defining E{Z(p)} as

§ . . L. . 16 ...

the population average value of some arbitrary function Z(p).~ With
consumption of young consumers is E{c(p)!

Efcip)} = E{a(p)}¥ + E{(p*-p)al(pyiT/(l-p*}

o~
(a2
L
~—

-

It can be shown formally that E{(p*-p)a(p)} is negative.

¢ that E{{p*-pra(p)} is equal to Elp*-p}E{a(p)}

s

the reason

+ Covip%-p,a(p)}. Because E{p*-p} is, by definition, equal to zero, it

follows that E{(p*-pa(p)} is squal to Cov{p*-p,a(p)}. Since p*-p is

16 At a formal level, let £(p) denote the density function of the ex
[Ad

ante mortality probability p. With this definition, the average ex ante
probability p* is equal to

#1 1
Jo PE(pYdp. Wow define E(Z(p)} = | Z(p)£(p)dp so that E(Z(p)} is the
average value of Z(p). 0



decreasing in p and a(p) is increasing in p, this covariance is negative.
Therefore,

E{(p*-pla(p)} < © (36)

[ 51
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The inequality in (36} implies that the coefficient o
negative. . Therefore, as argued above, an increase in T leads tc. a
reduction in average consumption of young consumers.

-Private Information and Adverse Selectiom: Now suppose that there

=

is heterogeneity of ex ante mortality probabilities, and that individual
mortality probabilities are private informatiocn. More specifically,
suppose that each individual consumer knows his or her own ex ante
mortality probability, but that no one else knows that person's value of
p. . However, the distribution of ex ante mortality probabilities in the
population is public knowledge. This information structure gives rise to
a classic adverse selection problem. = In the case of annuities, the high
risk consumers from the viewpoint of insurance companies are those
consumers with a low mortality probability p. These consumers will

demand more annuities than the consumers with high

h mortality

Q9

probabilities and they will be more likely to survive and receive annuity
payments.

In general, the eguilibrium in the presence of adverse selection is
either a pooling equilibrium, in which consumers do not reveal their
»
private information, or a separating equilibrium in which the optimal
behavior of consumers reveals their private information. To simplify the

P

determination of the market equilibrium, an additional assumption will be

made. In particular, assume that an insurance company cannot determine

whether any given consumer has purchased annuities from other insurance



companies. The force of this assumption is to rule out separating
equilibria in which consumers with different mortality risks face
different rates of return on annuities. If insurance companies tried to
charge higher prices (i.e., offer lower rates of return) to consumers
with low p, then these consumers would masquerade as high p consumers and
would buy only a small amount of annuities at a given insurance company.
Then ghese consumers would satisfy their relatively large demand for
annuities by purchasing additional annuities from one or more other
companies. Therefore, an insurance company’s attempt o separate its
customers by offering different guantities of annuities at different
prices would fail. Instead, the market would be characterized by one
rate of return that is cffered on all annuities. Because of adverse
zelection, this rate of return would have to be lower than R/{l-p*},
which is the actuarially fair rate based on population average mortality.

In the absence of s bequest motive the demand for annuities by a
consumer will be equal to the consumer’s savings, which is equal to
first-period income, ¥ - T, minus consumption in the first period. Let
A4{p;Q) denote the amount of annuity demanded by a young consumer with a
mortality probability p when the rate of return on annuities is §. Using
the consumption function in (21), it follows that

A(p;Q) = [l-a(p)] [Y - T] - a(p)s/Q (37)

Equation (37) implies that in the absence of social security (S = T
= 0}, the demand for annuities is invariant to the rate of return they
offer. This invariance is a consequence of the offsetting income and
substitution effects associated with logarithmic utility. Now recall

that a’(p) > 0 which implies that 1 - a(p) is a decreasing function of p.



Thus, if ¥ - T - 3/Q > 0, then the demand for armuities is a decreasing
function . of p.

The equilibrium rate of return on annuities is such that the
expected profit of insurance companies is equal to zero. . Insurance
companies will, on average, earm positive profits on annuities sold te
consumers with high values of p but will, on average, suffer losses on
annyities sold to consumers with low values of p. More precisely, in the
absence of social security, the expected profit on annuities sold to a
consumer with mortality probability p is [R - (1- piQlalp;Qy. let w
denote tha expected profit of the annuity industry, averaging over all

consumers . and observe that

no= E([R - (1-p)QJAleiQ)) (38)

7 = (R - {(1-p®GQIEIALP:Q)Y - E{(p*-p)alp; Q)30 .~ (39)

Observe that E{p*-p} = 0 and recall that, in the absence of spcial
security, A{p;Q) = [L - a(p)lY. Thus, in the absence of social security,

the expected profit of the annuity industry can Le rewrlitten. as
x/Y = [R - (1-p®)QIE(l-a(p)) + EL(p*-p)al(p))Q  (40)
The two terms on the right hand side of (40} have a simple

interpreration. The first term is the expected profit of the annuity

industry that would prevail if all consumers purchased the same amount of

ties probabilities. The

P

annuities regardless of their ex ante mortal
second rerm, which is negative according to eguation (36}, represents the
expected losses inflicted on insurance companies due to adverse

selection. Observe that each of the two terms on the right hand side of



(40} 1s a decreasing function of Q. Therefore, the expected profit o

Py

the annuity industry is strictly decreasing in the rate of return offered

on annuities. 1In addition, note that if the rate of return on annuities

is actuarially fair based on the population average probability p*, i.e.,

if Q0 = R/(1l-p*), then the first term on the right hand side of {40) would

e equal to zero. In this case, #/Y would equal E{{p*-p)a{p)}Q which is

negative. Therefore, any rate of return on annuities greater than or

would lead to expscted losses for the annuity industry

ot

and In the absence of social security, this rate of rveturn is unigue.
o

m, equal o zero in (38) vields

difference between social securirty

private market. Because the social security system forces all young

consumers o "purchase” equal amounts of the annuity it provides, the

YQ

social security system is immune to adverss selection. The rate of
return implicit in social security, S/T, is equal to R/{(1l-p*) as in {33)
To calculate the effect of social security on the national capiral

sgtock, substitute the relation between the social security parameters S

and T

ol

in {33} into the annuity demand function {37) fo obtain

AlpiQ) = [l-a(p)]¥ - T - [R - (1-p%)Q]lalp)/(1-p*)Q]T  (42)



Recall that as a consequence of adverse selection, R - (1-p%)Q > 0.

Therefore, equation (42} indicates that the introduction of fully funded
social security reduces the demand for annuities by more than T; hence,

T. The demand for annuitie

[

the private capital stock falis by more than

1y T if § were equal to R/{l-p*). However,

would decrease by precise
because social security provides an annuity with a larger payoff than is

availeble on private annuities, the introduction of soclal security

expands the opportunity set

consumers to increase thelr

consumption means that the private capital stock falls by more than T.

(¢

Therefors the national capital stock, which is egual te the private
capital stock plus T, alsoc declines.

In order to determine effects of social security on the eguilibrium

rate of return on private ammuitiss, first calculate rhe change in the
structure of the demand for private annuities Jifferentiating the

derivative at § = T = , yields
dalp;Q)/dT g r g = - {1+ [R - (L-p¥)Qilalp)/(1-p%3QL) (43)
The term in curly brackets on the right hand side of (43) is an

b-value of p

U‘Q

increasing funcrion of p.. Therefore, consumers with a hi

reduce their demand for annuities by a greater amount Chan consumers with
a low value of p.  Since consumers with a high value of p began with a

lower annuity demand than low p consumers, it is clear that the high p

ot

arger fraction than do

N

consumers reduce their demand for annuities by

17 This reduction in the private capital stock depends on the absence of
a bequest motive. If there is a sufficiently strong joy-of-giving
bequest motive, then the national capital stock may increase in response
to the. introduction of fully funded social security. . See Abel [2].
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dollar. The difference in locad factors, 15 cents on the dollar was
attributed to adverse selection,18 However, the extent to which the
difference in mortality probabilities was private informationm or public
information could not be determined from these studies.

Although the load factors reporred in these studies are
substantial, they do not appear to be large enough to explain the
widespread shunning of annuity markets by private consumers. Friedman
and Warshawsky [11] attribute at least part of the reluctance of

ive, but unanswered guestions

o
e
&
I
@
ot
Q
ot

consumers to buy annuities to a
remain. For example, to what extent do consumers hold bequeathable
wealth rather than level-payment annuities as a precaution against the

£
catastrophic medical expenditure explains the fact that retired consumers
decumulate their wealth much more slowly than predicted by the life-cycle
model., Clearly more research into these ris
to these risks is needed.

the

I
o
ot
.
5

&
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Summary: - The discussion of the effects of fisca

i)

Indl

presence of longevity risk has examined several different sets of
assumptions about bequest motives, the type of fiscal policy and the
availability and pricing of annuities.  Rather than summarize all of

these cases, a few of the major themes will be highlighted. - The insight

t fiscal policy will affect

et
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of the Ricardian Equiva

18 More precisely, Frisdman and Warshawsky [11] examine data for the
period 1968-1983 and find load factors of 32-48 cents on the dollar using
the U.S. Life Tables; they find load factors of 18-33 cents on the dollar
after allowing for adversze selection. Warshawsky [25] examines data from
the period 1919-1984 and finds load factors of 10-29 cents on the dollar
using the U.S. Life Tables. He attributes 8 to 16 cents on the dollar of
these load factors to adverse selection.

1 P




private economic activity only if it changes the opportunities available
to individuals. Such changes in opportunities could take the form of
changes in relative prices or changes in the present value of rescurces,

In appiying the insight of the Ricardian Equivalence Theorem to

£ is useful Lo think of social security as an annuity

[

social security,
Secause consumers pay something when thevy are young in exchange for

somgthing that they will receive only if they survive. Clearly, if there

in which consumers cam buy annuities, then the introduction

annzity.  Not only dees the

ons of consume

reduces the inheritances of rhose peoplsz

ternatively, if there is a private market for annuities, then the
¥
introduction of social security will have an &ffect only if the annuity
J 7 b

v soccial security offers different terms than those offered by

traded annuities. If consumers have identical mortality

nd if the rate of return on private annuities is
actuarially fair, then fully funded social security offers the same rate
of return as private annuitiss and thus has no effect. This invariance
of economic behavior to the introduction of fully funded social security
holds regardless of whether consumers have a bequest motive or not and
holds regardless of the form of the bequest motive. .

There are several reasons why the rate of return on social security
may differ from the rate of return on private annuities. First, pay-as-
you-go social security offers an expected rate of return equal to the

population growth rate rather than the rate of return on capital. Thus,



=N
W

in general, pay-as-you-ge social security offers a different rate of
return from the rate of return in competitive annuity markets. Second,
1f consumers have different mortality probabilities and if individual
consumers possess private informartion about their own mortality
probabilities, then the private annuity market will be subject to adverss
selection which drives down the rate of return on annuities.  In this
case, -fully funded social security would offer a higher rate of return
than private annuities. hird, even if each individual consumer’
mortality probability is publicly known, then social security will have
an effect if the govermment decides not to discriminate on the basis of

mortality probabilities. In this case, the government offers the same

taxes and benefits to
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face different prices for a given level of second-period benefits,

Therefor for at least some consumers, social security will offer a

[

,
different rate of return than private annuities.
It might seem that if the rate of return on socilal security is

different from the rate of return on privately

the. introduction of social security would have
saving decisions.. This presumption is indeed true if consumers do not
have besquest motives or 1f they have joy-of-giving bequest motives,
However, if consumers have azltruistic beguest motives, then it may be
that social security has no effect even though it offers a rate of return
that differs from the rate on any privately traded asset. For instance,
in the absence of longevity risk, fully-funded social security would have
no effect even though the rate of return on soccial security differs from

the rate of return on capital. However, in the presence of longevity



the Ricardisn Equivalence Theorem could fzil to hold even undex
9

In the pravious sections of this paper, the risks have been

an individual’s lifetime.

ja)

ronfined to uncertainty about the length o

The marketr for life insurance snd annuities aliows consumers to reduce

3

has impeortant implications for the effscrs of fiscal

gevity risk and focus instead om

o
ot
£y
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This section will ignore

Future labor

that a
consumer will net be able to work as & result of an accident or illness.
Second, even if the consumer is able to work, future income will
fluctuations in preductivity or in the demand

Because disablility insurance is available o

, or aven 2liminate, the first of these sources of income rvisk, the

sssion will ignore this socurce of risk, focussing instead on the

econd source of income risk.

i

2t first glance, it appears that there is no insurance available to

the risk associated with fluctutations in productivity or in
demand, Although there is no activevinsurance market to reduce the
rizgkiness of a future income stream, the income tax system provides a
form of income insurance. If the income tax rate is constant, say at

27%, then the government essentially shares 27% of the risks associated

with fluctuations in labor income. HNot only does the income tax provide

46



risk reduction as would more conventional types of insurance, it is also

1

subject to the problem of moral hazard, as discussions of the Laffer
Curve have made clear. More precisely, while the income tax provides

in labor income, it also provides a

s
Q
s
W

some insurance against fluctuat
disincentive to work; the Laffer Curve is based on the possibility that
& tax rate increase will reduce work effort toe such an extent that income

tax.revenue would decline. In order to isclate the risk-reducing effects

of the income tax, and

Therefore, future lazabor incom

D
e
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1
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variable from the wviewp
Consider a consumer wh

exogenous income vy,

consumer pays total taxes

The deterimination of the

o
bl
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detail below.  Let ¢

£

respectively. The saving of

simplicity, suppose
zero. ' In this case, the. consumer’

saving plus second-period inmcome net of taxes, y, - ty,

Rl k1 - [ 1 - 7 = 5 4 3}

¢y v1 ty eyt ¥y T, (44)
Suppose that the consumer’s utilicy function is

ufey) +  ulcy) (45)

Now consider a young consumer’'s saving decision. When making this

decision, the consumer knows the values of y; and t; but knows only the

probabilicy distributions of y, and t;. At the optimal level of

£

~1



consumption, the consumer is indifferent between consuming an additional

in periocd 1 and increasing savings by one unit. If ¢

r
2
fal

by one unit, then the consumer’s utility increases by u[:Clg.

Alternatively, if the consumer saves an additional unit, then second-

peyiod consumption, ¢., increases by one unit, which increases expected
P 2 Lo,

E

E{u’'{c,)} where E{} denctes rhe expectation conditional ow
yad

consumprion decision is

(46)

shgr e
that The

where the parametery b is positive.
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uvation {48}y, which displays Robert Hall's [13] famous random waik

time. In

consumption and planned future consumption. In the case with quadratic
utility and squal rates of Interest and time preference

this particular case), it turns out the increases




value of ¢, are exactly equal. Under a more general utility function,
consumption does not follow a random walk exactly, but the marginal
utility of consumption does follow a random walk as in (467,

The optimal level of c; under quadratic utility can be determined
by substituting the budget constraint (44} into the first-order condition
(48) to cbtain

Leoep = o/ Dylyp -t * E{y, - tyl] (495

The consumption function im (49) displays the permanent income/life

or

cycle theory of consumption. It states hat consumption is a function of
the expected present value of lifetime income, net of taxes.  In this
particular example, it is optimal to consume one half of expected
lifetime income in the first period. - The consumption function i (497
also illustrates the certainty equivalence principle. More generally,
the certainty equivalence principle applies to optimization problems with
a quadratic objective function and linear constraints with additive
uncertainty. It states that optimal decision rules depend on the
expected values of randem variables, but do not depend on any other
moments. of the distributions of the randem variables. In particular, the
variance of the random variables is irrelevant and may as well be assumed
to be zers. Eguivalently, the optimal decision rule is- identical to the
rule that would prevail if all random variables were equal to their
expected values with certainty.

Precautionary saving is defined as the additional saving induced by
the introduction of uncertainty about future income. Because the
consumption function in (49) is independent of the variance of future

income, it is not useful for examining precautiocnary saving. Although



the quadratic utility function on which (49} is based displays risk

aversion, optimal behavior does not display pre
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increase in the variance ¢ ¥o-ty reduces the expected utility of the

consumer; however, it does not change the consumer’s behavior at all.

with second-peried income, the conmsumer would buy it. However, the

ngumer would choose the same level of ¢, regardless of whether or

insurance is avail

B. Precautionary Savin

o~
W
<
~

u'f{ey = k eupl-ke]
Substituting the utility function from (50) intec the first-ord

and using the budget constraint (44) to eliminate cg,

= Elexp] —k(yl RS RO B = B 317 (51)

o
,4

or an excellent discussion of the relation between risk aversion and
tlonary saving, see Kimball [1B].

mball and Mankiw {1%] examine the precautionary saving of an
te-horizon consumer with a constant absolute risk aversion u;ilicy
onn. They use their model to examine the interaction of tax policy
:ecdutlonar, saving in a richer dynamic framework,

w
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To calculate the expectation on the right hand side of (51), the
distribution of rhe random variable y, - t; must be specified. Suppose
that y, - t, is normally distributed with mean E{y, - t;} and variance
var{yy, - tol. Under. this distributional assumption, the expectation of
expl{-k(y, - t;)] 1s equal to exp{-kE(yz-t2}+(1/2)k2var{y2-t2)} and
equation (51) can be rearranged to yield

R lyy - tp + Elyyp - tol - (1/2)k var(yz-tzij/z (52

The consumption function in (52) displays precautionary saving.
Consumption in the first period is a linear and decreasing function of
the variance of second-period after-tax income. Therefore, saving is a
linear and increasing function of the variance of future after-tax
income.

C. Fiscal Policy

The simple consumption function in (523, which displays
precautionary saving, can be used to examine the interaction of
precautionary saving and various tax policies.. . In particular, this
framework can be easily used to examine the impact of both lump-sum taxes
and income taxes. Many of the results presented below were derived for a
more general utility function by Louis Chan [6}1. In this particular
model, as inm Chan’'s model, income is exogenous so that the incentive
effects of taxes on labor effort will be ignored. By treating income as
exogencus, this model focusses on the insurance aspacts of the income
tax.

Suppose that the second-period tax consists of a head tax, t*, plus
a proportional income tax, at rate 7 (0 < r < 1), so that

ty) = t* o+ 7y, (33)




and after-tax income is given by
Yo -ty = (Ll - 1)y, - ¥ (545
Now consider an increase in the income

reduction in the head tax t* that leaves the

o]
oy
@
e
o

payment, Elt,}, unchanged. Because the szxvected tfax payment i
2 P paj

(a3

fixed, this change in tax structure leaves E{yz - 2} unchanged.
Howsver, the increase in 7 reduces the variance of after-tax incoms,

. It follows

variyy - o}, which is egual to {1-1}Zvaz{y2

his reduction in the wvariance c¢f afrer-tax income

where e represents the idiosyncratic random component of income and Ele}
= E{e Y51 = 0. These assumptions imply that the idiosyncratic component,

e, i3 uncorrelated with aggregate income

In examining various tax and transfer policies

that the policy changes satisfy the government’'s budget constraint.

simplicity, suppose that all consum the same tax, £,, in period 1
T P

1)
{
n
ge}
vy
g

and that 21l consumers pay the same head tax, t¥*, in period 2. Second-
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period tax bills will differ across consumers to the extent that their
second-period incomes differ. The government budget constraint states
that total tax revenues over the two periods must equal total government
spending over the two periods. Letting g denote the total value of
government spending, the government's budget constraint is

Ep + th o+ 1Y, = g (56}

. -The lifetime tax liability of an individual may be calculated by
adding 7 e to both sides of (56), and using the fact that y, = Y, + e, to
obtain

Ly EF 4Ty, = gt T e (575

CObserve that the left hand side of (57) is egual to £y + Ep.
Therefore, equation (57), along with (53), can be used to rewrite the
first-order condition (51} as

expi'kclj =

Elexpl-k(yy + ¥y - g + {(l-7)y e - ci)}} {58}

To calculate the expectation on the right hand side of (58}, the
distributions of the random variables Y, and e must be specified. It has
already been assumed that e has a mean equal to zerc and that ¥, and e
are uncorrelated. In addition, assume that Y, and e are each normally
distributed. Under this assumpticn, the expectation on the right hand
side of (58) can be calculated. Simplifying this expression yields

ey = (1/2)[yy + ElYy) - gl
- {1/6yk[Var(¥,! + Var{{l-r)e}! (59)
The consumption function in (59) embodies both the optimization of

the individual consumer as well as the government’s budget constraint.

It can be used to examine the effects of various fiscal policies.  HNote




that the government’'s budget comstraint invelves four policy variables:
the first period tax ty, the second-period head tax t*, the second-period
income tax rate r, and the total value of govermment expenditure,
However, only two of these four wvariables, namely g and 7, enter the

censumption function im (59 in the first-period does
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, noy on the second-periocd

not directly depend on the first-pericd tax, t

1
Ea

head tax t*. This observation immediately suggests a policy change for

[

ent budget

constreint. It is clear 3. that since neither of these tax
parameters enters the consumption function, this temporary tax increase

income tax rate 7, as determined by the government

constraint. In examining the effects of this tax policy, it is useful to
focus on two special cases of the random processes for income. First,
consider the case in which there is no uncertainty about future aggregate
In this case, which corresponds to the case considered by
Parsky, Mankiw and Zeldes [5], the consumption function in (59} can be
vritten as

- g - (1/Dk(1-7)% Var{e)1/2 (60)

e
w3

It follows immediately from (60) that the increase in t; and rhe

accempanying decrease in 7 will reduce first-period consumption, provided



w
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that Var{e} > 0. The reason for this reduction in consumption is that
the reduction in the future tax rate r implies that the government will
be sharing a smaller fraction of the idiosyncratic income risk. As a
consequerice, the consumer will face a greater income risk and thus will
increase precautionary saving.

Alternatively, consider the case in which aggregate income Y, is
uncertain but there is no idiosyncratic risk (i.e., varle} = 0). In this

case; the consumption function in (59} can be written as

3%

cy = lyp + ElYy) - g - (1/&)kVari¥,1]/ (61

In the absence of idiosyncratic income risk, ncne of the three rtax
parameters enters the consumption function in (61}, Therefore, an
increase im t; accompanied by an approprate. decrease in 7 has no effect
on consumption. - Thus, the Ricardian Equivalence Theorem applies in this
case. The reason is that, even though there is uncertainty about future
aggregate income and about the tax rate on future income, there is no
uncertainty about the future tax liability of any consumer.  Each
consumer pays an extra dollar in taxes in period 1.  Therefore, the
aggregate tax revenue in period Z must be reduced by one dollar per
capita. Because the idiosyncratic component of income has been. assumed
to be identically zero, each consumer knows with certainty that his or
her second-period tax bill will be equal to the aggregate per capita tax
bill. Since the aggregate per capita tax bill will fall by one dollar,
each consumer knows with certainty that his or her future taxes will fall
by one dollar, exactly offsetting the one dollar increase in peried 1
taxes. Therefore, there is no change in the optimal level of first-

period consumption.
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degree. If there is to be any risk sharing, it must be done by sharing
risks among two or more generations.

Intergenerational risk-sharing has been studied by Roger Gordon and
Hal Varian {l4]: the discussiorn below draws heavily on their analysis and
extends their model to allow for population growth. = Consider an economy
with overlapping generations of consumers, each of whom lives for: two
periods. Each generation is G times as large as the generation that
preceded it. A consumer who is born in period t receives a perfectly
storable deterministic endowment w in period t and receives a random
endowment e, ; in period t+l. Suppose that e_,q has a mean of zero and
is identically and independently distributed across generations. . For
simplicity, consumption is confined to the second periocd of life.! Let
The realized value of the consumer’s utility in period t+1.is ulc
where the utility function u{ } is strictly increasing and strictly
concave.

All members of generation t face the same value of the random

variable e Therefore, there is no scope for within-generation risk-

t+1-
sharing. Also, becauss adjacent generations are simultaneously alive for
only one period, there is no scope. for private markets to share risks
across members of adjacent generations. Therefore, if there is to be
intergenerational risk sharing, then a long-lived institution, such as a
government, must be involved.

Consider the following scheme to share risks. Suppose that the

government levies a tax of 7 er41 (where 0 < 7 < 1} on each old consumer

in period t+l, and uses the proceeds of the tax to give a subsidy of 7



e,41/C to each young consumer in pericd t+l. Of course, if epp is
negative, then old consumers receive an unlucky resiization of income and
the tax levied on old consumers is negative. Thus, if e..1 is negative,
the tax system transfers resources from the young consumers to the old

consumpers. In the presence of this tax system, the consumption of an old

consumer in period &+l is

e Cppp T w o+ {r/G)et + (1"T>ez+1 (623
this taz scheme spreads the risk associated with the random

generations.

How conszider the value of the tax rate 7 that maximizes the ex ante

ty of 2 generation t consumer, E{u(ct+l}}, where the expectation is

calculated at the beginning of the consumer’s life, prior to observing
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tax rate 7 {because Elc,, = w)., Thus, because the utility function u{)

is concave, the optimal tax rate is the rate that minimizes the

unconditional variance of consumption. It follows immediately from (627

that the unconditicnal variance of consumption is

~

= [(r/&)% + (1-7)2] Var(e) (63)

i

Var(ct+1}

The optimal value of r can be found by differentiating (6

oS [¥%)
ot

respect to 7 and setting the derivative equal to zerc to obtain

21 The risk sharing scheme is the optimal scheme within the class of
schemes that share the risk associated with e, across two adjacent

wn



o= 1/[1 + G"%) (64)

Observe from (64} that in the absence of population growth, i.e.,
with G = 1, the optimal value of r.is equal to 1/2.  In this case,
optimal risk spreading across pairs of adjacent generations involves each
generation having. a 50% stake in each of the two drawings of e that take
place while that generation is alive. More generally, with G > 1, the
optimal value of r is greater than 1/2. Substituting the optimal value
of 7 from (64) into the expression for consumption (62) yields

Cepp = w4 (67t le, o (1146 Je, g (85)

If G is greater than one, then the coefficients on e_ and e_ are

St +1
each less than 1/2. Thus, in the presence of population growth, it is
possible for generation. t to have less than a 50% stake in the risk
associated with e, and e, . Each old consumer lays off more than half
of the old-age income.risk on the younger generation. However, because
the younger generation has more people than the older genperation, it can
absorb this increased risk with.an increase in risk per personm that is

smaller than the reduction in risk per old consumer.

B. Time Consistency

The optimal intergenerational fiscal insurance system presented
above was derived under the assumption that this system will remain in
force. . However, it may turn out that some cohorts may not want. to
participate in the fiscal risk-sharing arrangement. When a generation is
old and receives a positive value of e _,;, this generation would like to
sever its participation. This type of desire to pull out of a system

will not be considered here. . If these old consumers had, when they were

generations. Gordon and Varian [14] show that sharing the risk across
more generations leads to even higher ex ante utility.

w

W



young, voluntarily decided to participate in the risk-sharing
arrangement, then they will not be allowed to renege on their implied
contract just because they received a pesitive value of e.,q.

The interesting guestion concerning the viability of the fiscal

insurance system is whether young consumers in period t will, after

!, N
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learning the value of &, choose to par
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system. The
reagon they may choose not to participate is that if e. is negative, they

are required to make a net transfer fo old consumers. If the value of

risk reduction provided by rhe fiscal insurance syst
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shosse not te participate. However, if the wvalue of the risk reduction

by

zxcesds the value of the regquired transfer, then young consumers would

.
choese to participate in the fiscal insurance SVSteT.Lz

Gordon and Varian [14] argue that young consumers in period « will

refuse to participate in the fiscal insurance system whenever e, < 0.

ir model assumes a constant population size so, for the moment,

suppose that G = 1. To keep the argument simple, suppose that e, is a

h

nd ist -g < 0 be the minimum possible value o

[

awing from a finite set

2

e. First, suppose that e, = -z. In this case, each young consumer is
equired to pay g/2 in taxes. If in the following period, e..; = -g,

then each generation £ consumer would receive a fiscal subsidy of g/2 and

22 This analysis assumes that if a generation decides not to
participate in the fiscal insurance system when it is young, then it is
precluded from receiving payments from & fiscal insurance system when it

is old. Otherwise, if young consumers believed that the choice of
whether or not to participate in the fiscal system when young would have
no effect on whether they would receive payments when they were old, then
young consumers would never choose to pay the fiscal insurance tax.

[
<
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thus would have consumption equal to w - g, which is the same that
consumption would have beern without participating in the fiscal system.
However, if in the following period, ery1 > -e, then the consumer will
either receive a fiscal subsidy less than g/2 or will pay a tax. - Thus,
the consumer will end up having paid more into the system than he or she
got out of it.  Therefore, the best that the young consumer can hope for
is to-break even by participating in the system, and, in general, the
consumer will be worse off ex post.  Clearly, such a consumer will choose
not to participate in the system in this case.

The argument above establishes that if e _ = -e, then the generation
t consumers will not participate in the fiscal insurance system.. Now
suppose that there is some value e* > -g such that the generation t
consumer will choose to participate in the system if and only if e > e*.
It is now straightforward to demonstrate, by contradiction, that e*
cannot be negative. Suppose that e. = e* < 0. In this situation a young
generation t consumer is required to pay |e*{/2.  But how much will the
consumer receive in the following period? If e .y < e*, then the
generation t+l consumers will not join the system, and hence the
generation t consumer will receive nothing from the fiscal insurance
system. . If e  y > e*, then the generation t consumer will either receive
a subsidy smaller than le*|/2 or will pay a tax. In either of these
situations, the consumer is worse off for having participated in the
fiscal insurance system. Only if e ,; = e* will the generation t
consumer end up as well off under the fiscal insurance system as. without

it. Thus, as above, the consumer cannot possibly be made better off by



joining the fiscal insurance system and will, in general, be made worse
off. Therefore, he or she will not join. Thus, e* cannot be negative
Gordon and Varian discuss mechanisms that would avold the repeal of
the intergenarational fiscal insurance system. For example, if large
enough costs are imposed on any young cohort that tries to repeal the
fisecal insurance system, then no generation will ever repeal the system,

and . im equilibrium the costs will not have to be borne. For example, if

e sbandomment of the fiscal insurance system leads to economic or

upheaval, then the young generation may decide that the costs

exceed any pecunlary gains from aveiding participation in the fiscal

ste)

surance system.

In addition to the mechanisms discussed by Gordon and Varian for
zustaining a fiscal insurance system, there is the possibility thar
population growth can sustain the system. If all generations have the

zame nuwber of consumers, then the zsize of the maximum transfer paid by a

is equal teo the size of the maximum transfer that this
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ossibly receive when old. Therefore, as argued above,
when a young consumer is required to make the maximum possible transfer,
the consumer cannot possibly expect ro benefit from participating in the
f£izcal insurance system. However, 1f each generation is G times as large
as the preceding generation, then the largest transfer that can be
zeceived by an old consumer is G times as large as the largest transfer
that a young consumer could be required to make. Thus, even if a young
consumer had to pay the largest possible transfer, it is still possible

that the consumer could receive an even larger tramsfer in the following

period. Depending on the consumer’s attitude toward risk, it may turn



out that even faced with the largest required payment when young, the
consumer would choose to participate in the fiscal insurance system.

To demonstrate that population growth may be able to sustain
voluntary participation in the fiscal insurance system, it may be clearer
to use a numerical example than an algebraic proof. Suppose that each
generation is twice as. large as the generation preceding it, i.e., G = 2.
In this case, it follows from (64) that an optimal fiscal insurance
system will set r equal to 4/5. Substizuting G = 2 and r = 4/5 into the
equation for consumption (62} yields

c = w+ 0.6e. + 0.2 e 4 (66)

t+l rel
The value of consumption in (66) is based on the assumption that
the fiscal insurance system remains intact, As an example, suppose that
w = 11 and that there are only three possible values for e: -10, 0, and
10.  Assume that e = -10 and e = L0 are equally probable and let g < 1/2
denote this common probability. Therefore, the probability that e = 0 is
1-2q. Thus, since consumption, ¢ .1, depends on e, and e .1, there are
nine possible wvalue of c  ; which are displayed in Table 1. Each row

corresponds to a value of e. and esach column corresponds to a value of

Ctrl-

9]

Consider a young consumer in period t and suppose that e, = -10, so

that this young consumer is faced with paying the largest possible
transfer. To determine whether this consumer will choose to participate
in the fiscal system, the values of consumption in the first row of Table

1 must be compared with the values of ¢ if the consumer does not
13 t+1

participate in the system. These values are shown in Table Z.



Comparing the values of consumption in the first row of Table 1
with the values of consumption in Table 2, it is clear that neither row
dominates the other in a stochastic dominance sense. By participating in
the fiscal insurance system, the consumer reduces the variance of
consumption from 200q to 8q at the cost of reducing the expected value of

consumption from 11 to 7. VWhether s consumer views the reduction in risk

a5 . wowsth the price depends iz or her attitude roward risk and on the

value of q. Clearly the more aversion the consumer has to risk, the more
attyractive is the fiscal insurance system.

Suppose that the utilicy

iz the coefficient of absslute

k= 3, then the expected urili
fiscal insurance system is -2.17; the expected utility if the consumer
does not participate in rhe system is - 91.97. Thus, the system will be
sustained by voluntary participation is rhis case.
In the example above, zll generations voluntarily choose to
e fiscal imsurance. Because all generations obtain

introduction of the fiscal insurance system, such

& system is Parsto-improving. In this particular example, the net rate
of return on savings is zere, so that using the notation from section II,
R = 1. Therefore, in this example, B < G so that Golden Rule
considerations indicate that a Pareto-impreovement could be achieved by
increasing consumption and reducing saving. The determination of the
optimal fiscal system, which might include both an element of

intergenerational risk sharing and an slement of lump-sum



intergenerational transfers to stimulate consumption, remains an open

question for research.

V..  Concluding Remarks

This paper has analyzed the effects of various fiscal policies in
situations in which individual consumers face various sorts of risks.
Methodologically, the research presented in this paper is quite
neoclassical. Although the models employed in this paper ars very much
in the spirit of those embraced by the so-called new classical sechool of
macroeconomics, the results differ quite dramatically from some of the
most well-known new classical results.  In particular, the Ricardian
Equivalence Theorem, which essentially states that lump-sum tax policies
have no effect, is an important result that pervades much of the new
classical literature. The results reported in this paper often deviate
importantly from the Ricardian Equivalence Theorem. The departures from
the Ricardian Equivalence Theorem, and hence the effects of fiscal
policy, depend importantly on the availability and the nature of
insurance arrangements to protect individual consumers against various
types of risk. It is perhaps ironic that the tradicional Keynesian
model, which emphasizes the effects of fiscal policy, has no place for
insurance arrangements to interact with fiscal policy.. It is in the
neoclassical framework, which is based on the optimizing behavior of
consumers facing risk, that the interaction of insurance and fiscal
policy becomes apparent. Further ressarch into the nature and evolution
of insurance arrangements will help to extend understanding of the

effects of fiscal policy.




Table 1

Values of ¢, q under the fiscal insurance system

\egs1 -10 0 10
e,;\
-10 5 7 9

iy g il i3
10 13 15 17
Table 2

Values of Cral in sbsence of fiscal insurance

L -10 0 10
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