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incompleteness of financial markets leads to underinvestment in reserves whereas the
optimum, for a broad class of welfare functions, requires the holding of large reserves in
order to smooth asset returns over time. We then argue that a long-lived intermediary may
be able to implement the optimum. However, the position of the intermediary is fragile;
competition from financial markets can cause the intertemporal smoothing mechanisms to
unravel, in which case the intermediary will do no better than the market.
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1. Introduction

In the early nineteen-seventies nost industrialized countries were
adversely affected by a sharp rise in oil prices. This “oil shock” had a
dramatic effect on the value of U S. firnms. As illustrated in Figure 1, the
real value of shares listed on the New York Stock Exchange fell by al nost
hal f conmpared to their value at the peak in 1972. This collapse in share
prices had a severe negative inpact on the wealth of any investor whose
portfolio contained a significant amunt of stocks. Any investor who was
forced to liquidate stocks after market prices fell would have suffered from
| ower consunption over the remainder of his life. Retirees in particular
m ght have been affected in this way.

In Germany, where savings are nostly placed with internediaries such as
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banks and insurance conpanies,” the effect was rather different. Since their
claims on intermediaries were fixed in nominal terns, these individuals did
not suffer a fall in wealth like their counterparts in the U S. and woul d not
have been forced to reduce their consunption. Sonehow the German financi al
system was able to smooth the oil-price shock rather than passing it on to
i nvestors.

In the nineteen-eighties, the situation was reversed. The econonies of
most industrialized countries performed relatively well. In the US., the
stock market boomed, as shown in Figure 1. Investors who held stocks were
able to achieve higher than expected returns and could use these returns to
finance a higher level of consunption. The dissaving generation in Cermany
did less well, by conparison. Since their savings were placed wth
internediaries, such as banks, on which they held fixed clains, there was no
windfall gain for them

The effect of the “oil shock” on the U 'S market is an exanple of what
is usually considered a non-diversifiable risk. The shock causes highly
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correlated changes in nost asset values, so investors cannot avoid the risk
by holding a diversified portfolio. Nonet hel ess, these episodes illustrate
that the risks borne by individuals in two countries may be very different,
even though the countries are subjected to sinilar shocks. This raises the
i nteresting question of whether and how different financial systens can cope

with this sort of risk.

Tradi tional financial theory has little to say about hedging
non-di versifiable risks. It assunmes that the set of assets is given and
focuses on the efficient sharing of these risks through exchange. For

exanpl e, the standard diversification argument requires individuals to
exchange assets so that each individual holds only a small anount of any
risk. We call this kind of risk sharing cross-sectional risk sharing,
because it is achieved through exchanges of risk anmong individuals at a given
point in time. This diversification strategy has no effect on macroeconomnic
shocks which affect all asset prices in a simlar way.

Departing fromthe traditional approach, this paper focuses on the
intertenporal snoothing of risk. Ri sks which cannot be diversified at a
given point in tine can nevertheless be averaged over tine in a way that
reduces their inpact on individual welfare. One hedging strategy for
non-diversifiable risks is intergenerational risk sharing.”which spreads the
risks associated with a given stock of assets across generations with
het er ogeneous experi ences. Anot her strategy involves asset accunulation in
order to reduce fluctuations in consunption over tine. Both of these
strategies are exanples of the intertenporal snoothing of asset returns

In standard financial nodels with fixed asset supplies and a single
period, it is usually argued that sonebody nust bear the non-diversifiable
risk. Such nodels inmplicitly assume away possibilities for intertenpora
snoot hi ng. At the other extreme, in an ideal Arrow Debreu world
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cross-sectional risk sharing and intertenporal smoothing are undertaken
automatically if narkets are conplete and participation in those markets is
compl ete. Nei t her the standard nodels, which assune a fixed set of assets,
nor the idealized Arrow Debreu nodel, which does not explicitly deal with
institutions, provide much insight into the relationship between the
structure of a country's financial system and the stock of assets
accumul at ed. In particular, they don't tell us how a country’'s reliance on
financial markets or intermediaries affects its ability to snpoth asset
returns by changing its dynam c accunul ati on path, Yet the exanple of the
differing responses of the German and U S. economes to the oil shock of the
ni neteen-seventies and the boom of the nineteen-eighties suggests that
i ntertenporal snoothing nay be of sone inportance in practice.

The purpose of this paper is to consider the consequences of
intertenmporal snmoothing for welfare and for positive issues such as asset
pricing in a nmodel with inconplete markets. In practice, markets may not be
conplete in an Arrow Debreu sense for a wide variety of reasons including
rmor al hazard, adverse  selection, transaction costs and inconplete
participation. For simplicity and tractability, we consider the case where
participation is inconplete because of an overlapping generations structure.
This is a tractable paradigmfor the analysis of intertenporal snoothing and
captures many of the features common to a w de range of nopdels where markets
are inconplete.

Qur analysis is related to a nunmber of strands of the literature. The
first is concerned with what happens when a long lived asset such as land is
incorporated into a standard overl apping generations nodel. Schei nkman
(1980) , MmcCallum (1987) and others have showed that incorporating a
long-1lived asset rules out the possibility of over-accunul ation. None of
these papers is concerned with risk. In contrast, our paper analyzes how the
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risk arising fromthe dividend stream of long lived assets is not elininated
by financial narkets but can be elinmnated by an intermediary. The second
strand of the literature is concerned with liquidity risk. Q (1994) extends
t he Di anond-Dybvig nodel to an overlapping generations nodel. In his nodel
there is no aggregate risk and no role for intertenporal smoothing. Finally,
Ful ghieri and Rovelli (1994) and Bhattacharya and Padilla (1994) al so compare
the performance of narkets and intermediaries in achieving an efficient
intertenporal allocation of resources in an overl apping generations nodel.
There is again no aggregate uncertainty in their nodels and they do not
consi der intertenporal snoothing.

In Section 2 we describe a sinple nodel with two assets, a risky asset
in fixed supply and a safe asset that can be accunul ated over tinme. In
Section 3, we show that in the market equilibrium the safe asset is never
held; in fact, it is domi nated by the risky asset. Then we show, in Section
4, that for alnost all social welfare functions in a broad class, welfare can
be increased by the introduction of intertenporal snoothing, sonething the
market has no incentive to do. In Section 5 we interpret intertenporal
smoot hing as the product of internediation and suggest that the contrasting
performance of the U S. and German econom es may be understood in terns of
this intertenporal snoothing mechani sm In Section 6 we show that this
mechanismis fragile and that conpetition from financial markets can lead to
di si nternedi ati on, which causes the smpothing mechanism to unravel.
Extensions and other applications of these ideas, to social security,
occupational pensions and investment in housing, are discussed in Section 7.

Formal proofs are contained in the appendix.

2.  The Model

Qur purpose is to develop a benchmark nodel for considering
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intertenporal risk smoothing. W are interested in the case where there is a
l ong horizon and no discounting. For the analysis to be tractable, we assume
there is a finite horizon and anal yze what happens in the Iimt as the
horizon tends to infinity.

There are T dates indexed t = 1,...,T. At each date t < T there are
two generations, an old generation born the previous period and a new
generation born in the current period. Apart from the initial old
generation, the generations are identical and live for two periods. Wthout
loss of generality, we assune that each generation consists of a single,
representative individual.

At each date there are a consunption good and two assets. One of the
assets is safe and the other is risky. There is a fixed supply of the risky
asset, which lasts forever. W nornalize the supply of the risky asset to
unity and assume the entire anmpunt is owned by the old generation at the
first date. Each period, it produces a random anpunt of the consunption
good. Let §t > 0 denote the amount produced at date t. For some results we
assume that the random variables (;t) are i.i.d.; in other cases, general
stochastic processes are allowed. For sinplicity, we always assume that the
yield of the risky asset is bounded above and bounded away from 0, that is,
for some A > 1, 1/A < ?t < A for all t = 1,...,T. W also assune that the
variance of the risky asset’s dividend is bounded away from zero.

There is a variable supply of the safe asset: one unit of consunption
can be converted costlessly into one unit of the safe asset. For sinplicity,
the return on the safe asset is nornmalized to zero, so one unit of
consunption invested in the safe asset at date t yields one unit of
consunption at date t+l. The anobunt of the safe asset owned by the old
generation at the first date is zero.

The generation born at date t has an initial endowrent of e > 0 units
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of consunption at date t and nothing at date t+l. Agents consunme only when
old. In order to provide for consunption when old, generation t can purchase
sone of the long-lived asset, consune its output at date t+l and sell the
asset to the next generation. Agents choose their investnments to nmaxim ze

the expected value of their von Neumann Morgenstern utility funetion u(c

t+1)'

where u:R > R is twice continuously differentiable and satisfies u (c) > 0
and u’(c) < 0.

The special features of this nobdel are chosen for the sake of
sinplicity. In particular, the overlapping generations structure is a
net aphor for the wi de range of sources of inconpleteness that arise in

practice. Extensions are discussed in Section 7 below

3. Market Equilibrium

Let X = 0 denote the amount of the risky asset and m_ > 0 the amount
of the safe asset held by the young generation at date t. By requiring these
quantities to be non-negative we rule out short sales and borrowi ng. A young
agent at date t chooses a portfolio (mt,xt) to maximize the expected value of

utility Qt[u(z

t+1)], where et denotes the expectation operator conditional on

information available at date t. The first-period budget constraint
restricts the value of the portfolio to be equal to the agent’s endowrent:
p.X, + m_ = e; the second-period budget constraint restricts his consunption
to be equal to the termnal value of the portfolio:

Ceel T XeWegq ¥ Pryy) *om ()

Since the agent’s decision can at nost depend on the information available to

him, his choice of (x_,m ) is a function of the history of asset returns up

to and including date t. Prices satisfy the same condition, since they nust
depend on agents’ deci sions. In other words, portfolios and prices are
adapted to the stochastic process of the risky asset’s returns. In
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equilibrium each agent chooses a portfolio to maximze his expected utility,
subject to the period budget constraints, and the market for the risky asset

clears, that is, the demand equals one unit, at each date.

Definition: An equilibrium consists of a sequence of portfolios ((;t,at))
and prices ('15,_), adapted to the stochastic process (§t), satisfying the
following conditions:

(i) for every t = 1,...,T-1, (it,at) solves
Max 8[u(ct+l)] (2)
s.t. pX +m =e
Cerl T FeWpyp ¥ Pryy) Ry

where ET = 0, and

(i) for every t

I
=
n

x, = 1. (3)

Al t hough the safe asset would seem to be a useful hedge against
uncertainty about the yield on the risky asset, it turns out that agents wl|
al nost never hold the safe asset in equilibrium More precisely, we can find
a fixed nunber k, independent of the horizon T, such that no agent invests in
the safe asset at any datet < T - k. Thus , the fraction of periods in which
the demand for the safe asset is positive beconmes negligible as the tine

horizon T approaches infinity.

Proposition 1

There exists a fixed k, independent of the horizon T, such that in any
equilibrium ((xt,mt,pt)), mt = 0 and P, — e for all ¢t - 1,...,T-k. [f we
assume that the dividends (§t) are i.i.d., then as T » « the long-run average

expected utility converges to Q[u(§t+l +e)].



The proof can be explained heuristically as foll ows. Since the safe
asset has a zero yield and the risky asset has a positive yield, the safe
asset will be dominated unless there is sone risk of capital Ioss. Mor e
precisely, at any date t in which the safe asset is held, agents nust expect
some probability of a fall in the value of the risky asset that nmore than
offsets the dividend. Then ﬁt > 0 implies that Et > St+1 + §t+1 with positive
probability. This in turn implies that for some ¢ > 0, the asset price falls
by at least e with probability at least e¢. Furthermore, if §t+1 < e then the

budget constraint implies that m > 0. So we can use the sane argunent

t+1
repeatedly to show that with positive probability the price continues to fall
by ¢ every period. The budget constraint and the narket-clearing condition
imply that
St < Etit + Et -e. (4)
Since the price of the risky asset is never greater than e, the price cannot
fall for more than k = e/¢ periods. In other words, the demand for the safe
asset can only be positive when the horizon is less than k periods away.
To conplete the proof of the first part of the theorem note that
whenever Et = 0, the budget constraint and the market-clearing condition
i mply that
P, - Btit + mt = e, (5)
The last statement in the theorem follows imediately fromthe law of large

numbers and the assumption that returns ;F are i.i.d., since for all but a

negligible fraction of periods,

Cerl T XeWegr * Py * B (6
- §t+l + e.
To illustrate the properties of the market equilibrium it is helpful to

consider a sinmple exanple with a two-point distribution of returns



Exanpl e 1: Suppose that (;'t) is an i.i.d. dividend process with

_ {0.5 w.pr. 0.5

Y¢ 71 1.5 w.pr. 0.5
for every t, the endownent is e = 5 and the utility function is u(c) =in ¢
The path of prices is shown in Figure 2. It can be seen that k = 6.
During the first phase consisting of periods t = 1,...,T-6 the price is

constant at St = 5, During the final phase fromT-5 until the horizon T, the
price falls toward zero. Consider the final phase first. At the horizon T,
Pp = 0 since there iS no subsequent generation to purchase the asset. At
date T-1, the last generation but one can sell the asset to the final
generation. Although Pp - 0, the asset will pay a dividend at T and hence at
T-1 its price will equal the discounted present value of the dividend, which
is pp_ = €[u'(ET)§T] = 0.95. At date T-2, the anount the young generation
will be prepared to pay will reflect the dividend at T-1 and the price of the
asset at T-1, so that Pr., = S[u'(ET_1)§T_1] + pp_q = 1.90. Sinmlarly, in
each period in the final phase the current price is determ ned by the next
period' s dividend and price. Going backwards through time the price rises as
the stream of future dividends becones |onger. At date T-6, the price
calculated in this way is 5.60. However, the endowrent of the young
generation is only e = 5. This is the nmost they can pay for the asset and so
Pr.¢ = 5 rather than 5.60. In all the periods before date T-6 it is
simlarly the case that the young put their entire wealth into the asset and
P, = 5. They would like to invest nore but cannot; they are already
investing all their endowrent and they are unable to borrow. The risky asset
strictly domnates the safe asset, since these generations sell the asset for
an amount equal to what they paid for it and, in addition, they receive a
positive dividend. The expected return on the risky asset is 8[rt] =-1/5.
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During the initial phase, the price is deternmined not by “the discounted
stream of future dividends” but instead by “the cash in the market.” The
equilibrium price and the expected return depend on the endowrent of the
younger generation rather than the future stream of dividends. If the
endownent had been e = 3, then in the first and typical phase of the
equilibrium it would be the case that P, - 3 and z‘.—?[rt] = 1/3. Likewise,
during the first phase when the price is constant, individuals bear no price
risk but they do bear dividend risk, since the dividend can be 0.5 or 1.5
Allen and Gale (1994) discuss the inportance of “cash in the market” for
asset pricing in another context.

The fact that the safe asset is alnmost never used in equilibriumis
striking and raises the question of whether some sort of market failure has
occurred. However, it is easy to see that the equilibrium allocation is
weakly Pareto-efficient: since the initial old generation consumes the yield
fromthe risky asset and the endowrent of the young, it is inpossible to make
everyone better off. Furthermore, under the additional assunption that the
dividend process is i.i.d., we can show that the equilibriumis strongly
Pareto-efficient, that is, it is inpossible to make sone agents better off

wi thout making other agents worse off.

Proposition 2

If the dividend process (§t} is i.i.d., the market equilibrium

allocation is strongly Pareto-efficient.

Under the assunption that the returns to the risky asset are i.i.d., we
can show that the equilibrium price of the risky asset Et is uniquely
determ ned and independent of the history of returns at each date t. Then
usi ng backward induction, we can show that a generation can be made better
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off only by increasing the quantity of the safe asset it holds. Simlarly, a
generation must be worse off if it holds less of the safe asset. But this
shows that any weak Pareto inprovenent nust violate a feasibility condition,

thus showing that the equilibrium allocation is strongly Pareto-efficient.

4, Intertenporal Snoothing

In the preceding section we saw that the market equilibrium allocation
is technically Pareto-efficient. Nonet hel ess, we shall argue that there is
in fact a serious form of market failure in the market equilibrium The
definition of Pareto efficiency disguises the potential for achieving a
substantial increase in welfare through intertenporal smothing. Vhile it is
not possible to nmake everyone better off conpared with the equilibrium
allocation, the main result in this section shows that by accunulating
reserves in the formof the safe asset and using themto “snmooth” the returns
to the risky asset, it is possible to increase the welfare of all but a
negligible set of agents by a non-negligible and uniform anount. The fact
that the inprovenent is non-negligible and uniformis crucial since it is
always trivially possible to make al nost everyone better off by making
transfers at the expense of a negligible set of agents. In the remainder of
the section, we argue that this refinenment of the standard Pareto criterion
isin fact very nmld and that the “efficient” allocations that are elim nated
by it may well be regarded as pathol ogical.

It is easy to see that without holding the safe asset there cannot be
any change in welfare at all. The reason is that if the safe asset is never
hel d, then for nost agents their allocation will be exactly the sane as in
the equilibrium allocation. Mre precisely, if the safe asset is not held,
then at each date it is obviously optimal to give the old generation the
entire dividend from the risky asset and the current young generation’s
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endowrent, which is exactly what they receive in equilibriumat any date t <
T- k. Then as T approaches infinity, the new allocation, in which the safe
asset is never held, differs fromthe equilibriumallocation at nost for a
negligible fraction of periods. So holding reserves in the formof the safe
asset is a necessary condition for any increase in welfare. Wat is somewhat
surprising is that any increase in welfare can be achieved by holding a
domi nated asset.

As the preceding argunent shows, we can restrict attention to
al l ocations which give all consunption at each date to the current old
gener ati on. Then a feasible policy can be represented by a non-negative
sequence of random wvariables (Et), adapted to (§t), such that the
correspondi ng consunption levels are non-negative

— — -~

Ce4l T Vesl Y By " P T 20, (7
for every date t, and

Cc + e.

0" "™
The next result denonstrates the potential for increasing the welfare of

al rost every generation.

Proposition 3

Suppose that the dividend process (§t) is i.i.4. For any ¢ > 0 and all
T sufficiently large, there exists a feasible policy (Et) which guarantees a
fraction (1 - €) of the generations a utility level greater than or equal to

u(&"};t + e) - €.

This proposition is essentially an application of a theorem of
Schechtman (1976). Schechtnan studied the problemof an individual who has a
ri sky income St and cannot borrow but wants to self-insure by holding a safe
asset Et. Consider the following policy: at each date t, the individual has
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accumulated savings of ﬁt-l' consumes 8§'t +e, if this is feasible, and

consumes §t +e+m otherwise.  Then the individual’'s savings will be

t-1
e-1 " &Y O (8)

m_ = max (§t +m
The renewal theoremtells us that the fraction of time that this process
spends at the boundary Et = 0 becones vanishingly small as T approaches
infinity. The individual’s consumption is less than git + e only when ﬁt
equals O so we conclude that the individual’'s consunption is equal to
8§t + e for all but a negligible fraction of the time.

The sane policy is feasible in our franework. Appl yi ng Schechtnman’s
result, we can conclude that with probability one, the fraction of
generations receiving consumption less than Q;vt + e converges to zero as T
approaches ». Since agents are risk averse (u is strictly concave) and §t is
non- degenerate, they prefer receiving the expected value of the dividend for
sure to receiving the random divi dend:

E[u@t +e)] < u(8§t + e). (9)

The inprovement allowed by intertenporal snoothing can be illustrated in the
context of Exanple 1, where we see that in the market equilibrium expected
utility converges to

In(5.5) + &n(6.5) = 1.7883,
as T > =, |n contrast, Wth intertenporal snoothing, the long-run average
expected utility converges to

n(6) = 1.7918,
as T 5 =,

Al though the technical details of the proof of Proposition 3 are
somewhat involved, the significance is clear. By transferring incone between
periods to snooth consunption as much as possible, alnost every generation
will be made better off by a non-negligible and uniformamunt. W call this
an alnost uniform Pareto inprovenent.
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It remains to make precise the sense in which an alnost uniform Pareto
i nprovenent represents an increase in social welfare. W shall argue that
under mld refinement of the standard concept of Pareto efficiency, an
allocation is not efficient if it is possible to nmake an al nost uniform
Pareto inprovement. W neke use of the well known fact that if the utility
functions are concave, every Pareto-efficient allocation maximzes a wei ghted
sum of utilities. Mre precisely, a feasible policy (fﬁt) is Pareto-efficient
if there exists a non-negative sequence of numbers (A such that {ﬁt) solves

the problem

T -
Max Zt-l Atu(ct) (10)
s.t. . = Ve + m, - om + e,

m_ > 0, c. > 0, m, = 0.

One can think of the objective function as a Bergson-Sanuel son wel fare
function

W(ul,uz,u3,...) - 25-1 Atut, (11)
in which the wel fare weights (A.) determine how much each generation'’s
wel fare “counts” in the calculation of social well being. The wel fare
function Wdefined by equation (11) is said to be uniformy weighted if there
exists a number B > 1 such that

1/B < A, S B for every t. (12)
At one extrenme, when B equals 1, the inplied welfare function is equally
wei ghted. As B becones larger a wder range of weights is allowed and as B
becomes arbitrarily large, nobst schenes with positive weights are all owed.
The crucial restriction is that the ratios of weights At/At+h’ for different
generations t and t+h, renmain bounded and bounded away from O Now this is
precisely what is not possible if the market equilibriumallocation is to be
a solution of a welfare naxim zation problemlike (10). If the market

equi librium allocation solves (10) it can be shown that the welfare weights
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must be extremely unequal . In fact, we shall shortly see that the ratio of

the weights At/A converges to 0 as the distance between generations h

t+h
diverges to =. This is the sense in which the Pareto efficiency of the
market equilibrium allocation appears to be sonewhat pathological and this is
why we consider the restriction to uniformwelfare functions rather nild.

This refinement of the Pareto criterion notivates two inmediate
corol laries. The first makes precise the sense in which the equilibrium
allocation is not efficient. A feasible policy (m_ ) is called uniformly
Pareto-efficient if it solves the maximzation problem (10) and the welfare
function is uniformy weighted. To ensure that this restriction has sone
cutting power, we keep B fixed as the horizon T is allowed to increase

wi t hout bound.

Corollary 3.1

Suppose that equilibrium allocation described in Proposition 1 is a
solution of (10) for the welfare weights (). Then there exists a number 0
< p < 1, independently of T, such that for every generation t < T - k,

PAL < A (13)
Consequently, for any B, and all T sufficiently large, the market equilibrium

allocation is not uniformy Pareto-efficient.

The proposition shows that as the distance between generations grows |arge

the relative disparity in their welfare weights grows w thout bound. Mor e

193

precisely, ’\t+h/)‘t £ p -0 a h > o Cdearly this is inconsistent with
the uniform weighting property (12), which requires that
2 2
1/B°S A /A, < B,
for all values of t and h, and this explains why the narket equilibrium

allocation fails to be uniformy Pareto-efficient.
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In Exanple 1, considered in the previous section, p = 0.92 so that the
wei ghting of each generation in the social welfare function underlying the
mar ket equilibriumallocation falls quite rapidly and it is not necessary for
generations to be far apart to have widely different weights. There seens to
be no good rationale for this property and, froma welfare point of view it
m ght be argued by many that a nore equal weighting would seemto be at |east
as reasonabl e.

The second corollary shows that the intertenporal snoothing policy is
uniformly Pareto-efficient, at least in the limit as T o, To show this, we
first need to extend our definition slightly. Call a feasible policy (Et)
uniformy Pareto-efficient in the limt if there is sonme bound B, and a
uniform weighting scheme (At) such that for any ¢ and all T sufficiently
| arge,

L w@1 > 2815 @] + e, (14)
where Et - §t +m_ - at-l + e and E; - ;t + m, - E;_l +e, fort=1,...,T,

t t

and as usual Exo - x'ﬁb = 0. Note that two properties are being conbined in our
notion of uniformefficiency in the linit. First, although a policy may be
dom nated for each finite horizon T it catches up in the limt as T diverges
to », Second, we are conparing long-run weighted averages of utility, rather

than weighted sums of utilities. Wth this definition, we can now state the

result.

Corol lary 3,2
The policy (Et) described in Proposition 3 is uniformly Pareto-efficient

inthe limt.

The corollary follows from the fact that the policy described in
Proposition 1 maxim zes the long-run average expected utility of all the
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gener ati ons. Putting A, = 1, for all T obviously satisfies the required
bounds for any B > 1 and, for this specification of the welfare function, the

policy nust eventually overtake any other.

5  Inmplementation of Intertenporal Snoothing Using Internediaries

In the preceding section we studied the uniformy Pareto-efficient
allocations, without specifying the institutional framework that inplenents
t hem One possibility is that a long-lived internmediary provides insurance
agai nst swings in asset prices by averaging gains and | osses over time. Such
an internediary would hold all the assets and offer a deposit contract to
each generation. By accunulating large reserves the intermediary could offer
almost all generations a constant return on deposits, independently of the
actual returns. The market, on the other hand, has no incentive to provide
this insurance. The narket does not value the safe asset’s contribution to
future generations’ welfare through risk reduction, because it only |ooks at
rates of return. The price of the risky asset in the market equilibriumis
always so low that its return dom nates the safe asset, which is never held.
As a result, each generation bears the full dividend risk on the risky asset.

In this interpretation, financial markets and internediaries are not
simply veils thrown over a fixed set of assets. They actually determine, in
conjunction with other factors, the set of assets accunulated by the agents
in the econony. By adopting one or another set of institutions, the econony
is placed on a different trajectory, wth inportant inplications for the
aggregate risks to be shared.

At a theoretical level it seems that an internediated financial system
can achieve a higher level of welfare than a narket-based system It is
tenpting, then, to conpare the U S. and German financial systems in the |ight
of this exanple. Does the greater enphasis on financial narkets in the U S
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imply that U S. investors are exposed to nmore risk than their counterparts in
Germany, with its heavier reliance on intermediation? The answer depends on
a number of practical considerations, a few of which we nmention here.

First anong them is the question of the objective that Gernman
intermediaries pursue in practice. This is, of course, an enpirical issue.
As discussed in Allen and Gale (1995), anong universal banks only the
commerci al banks which together constitute about a quarter of the country’s
banki ng assets are profit maximzing entities. Savi ngs banks, which account
for about a third of total banking assets, do not maximize profits. They are
operated in the public interest. The remaining banks are either cooperatives
and have a nutual structure in which the depositors are the sharehol ders or
are specialist banks, sonme of which are profit maxim zing while others are
not .

Whet her they are operated in the public interest or not, it can be
argued that German internediaries are innately cautious. One possible
expl anation of this is the regulations inmposed by the Bundesbank. Another is
that asymretric information makes it optinmal for themto develop a reputation
for financial stability. \What ever the reason, GCerman banks are generally
believed to hold high |evels of hidden reserves which they draw down in bad
times and build up in good ones. So even if their performance is less than
optimal in the sense wused here, it may nevertheless be a significant
i nprovenent over the market in ternms of intertenporal risk snoothing.

How cl ose an internediary gets to the welfare optimm depends on the
exact specification of the objective function. In the best of all possible
worlds, where its objective function coincides with the social welfare
function, the internediary will choose a uniformy efficient policy. For
exanpl e, we might suppose that the intermediary is an enterprise run in the
public interest that seeks to maximze the long-run average expected utility
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of its depositors:

tin, Tt el vl (15)

This is an objective that would be appealing fromthe point of view of an
initial position, behind the “veil of ignorance”, before any individual knew
the generation into which he would be born. Alternatively, one might argue
that this objective function would be appropriate for an intermediary which
had a long tine horizon and safeguards the future of the institution by
taking into account the interests of future as well as present depositors.

This m ght be the result of regulatory pressure, rent-seeking behavior, or
corporate culture supported by a repeated-ganme equilibrium W do not expect
that short-term profit or value maxim zation will lead to this kind of
behavior, but our view is that neoclassical economcs puts too much enphasis
on the profit-maximzing firmas the only alternative to a wel fare-naxim zing
gover nment . In practice, there is a broad spectrum of institutions wth
i nternedi ate objectives and there is roomin a mature theory for institutions
that maxim ze a welfare function |ike the one above (see Allen and Gal e

(1995) for a nore detailed discussion of this issue).

6. Conpetition between Intermediaries and Financial Markets
A commonly heard argunment is that financial markets of the type

observed in the U S are desirable because of the risk sharing opportunities

t hey provide. It has been suggested that this argunent is correct as far as
cross-sectional risk sharing opportunities are concerned but ignores
intertenporal risk snpothing. W have shown in the context of a sinple

overl appi ng generations nodel that an intermediated financial system can |ead
to al nost everybody being better off than with financial markets. A natura
question that arises is whether it is possible to conbine the cross-sectiona
risk sharing advantages of U S. -style nmarkets with the intertenporal risk
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snoot hi ng advantages of a German-style internediated system

In this section we show that there is a significant problemfromtrying
to conbine the two types of system The reason is that risk sharing of the
ki nd discussed in the last few sections inplies sone form of arbitrage
opportunity. So it will be easier to performthis feat in an econony which
does not have active markets. Taking advantage of arbitrage opportunities is
rational for the individual, but it undermnes the insurance offered by the
i nternmediary. This is why the US.  financial system cannot provide
intertenporal risk smoothing of the type described, although it provides a
trenendous variety of financial i nstrunents. I ncreased openness to
conpetition and the opportunity to trade in new financial narkets may have a
simlar inmpact on the German system

One way to see the effect of conpetition from financial markets is to
consi der the effect of opening up a relatively small closed and internediated
financial systemto global financial narkets. The small country’s financial
system now faces the constraint that individuals can opt out and invest in
gl obal markets instead. The assunption that the country is small relative to
the rest of the world inplies that prices in the global nmarket are not
affected by the financial systemof the small country or its investors'
decision to participate in the risk sharing nechanism provided by the
i ntermediary.

Let ((ﬁt,it,n—tt)) be the equilibrium in the global market and let (Ex't) be
the optimal policy inplemented in the small country. The gl obal equilibrium
represents a benchmark for the welfare of investors in the absence of a
long-lived internediary, as well as an outside option for the individuals
when the internediary is in operation. W assune that all investors in the
smal | country nake use of the internediary. Since the internmediary can
always replicate the investnent opportunities available through the market,
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there is no loss of generality in this assunption.

Di sinternediation can take several forns, depending on whether investors
are able to nake side trades while taking advantage of the internediary. W
assune that the intermediary can enforce exclusivity, which means that an
agent who wants to trade in the narket is unable to nake use of the
internmediary at all. This assunption nmakes disintermediation |ess attractive
and hence produces a weaker constraint on the internediary’ s problem of
designing a risk smoothing schene. We can show that even this weak
constraint on the internmediary is sufficient to rule out any welfare
i mprovenent fromintertenporal risk snoothing. Al ternative (stronger)
specifications of the disinternediation constraint would only strengthen this
result.

The disinternmediation constraint (DC), which ensures that people do not
abandon the risk sharing nechanismin the small country, can be stated as
follows. For any history yt'1 - (yl""’yt-l) it is necessary that

glu) |y 2 Max Slux(F, + m |y" 1, (16)

(x,m)
where (E;:) is the consumption sequence generated by the optimal policy. The
expression on the right is the maxi mum expected utility an agent born at date
t could obtain fromtrading on the open nmarket. The expression on the left
is the expected utility offered by the risk sharing mechani sm The cruci al
point is that both expressions are conditioned on all the information
avail able at date t-1. An agent nakes his decision whether to join the risk

sharing mechanism after he has observed yt'l.

The possibility of disinternediation inplies that an internedi ated
financial systemin a small open country does not allow any inprovenent in

average expected utility over that obtained by investors in global financial

mar ket s.
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Proposition 4

If the policy (ﬁ't) is feasible and satisfies the disinternediation
constraint (15), then each agent is ex post no better off under (ﬁ%) than he
would be in the market equilibrium (pt xt mt)

To understand Proposition 4, it is helpful to think about the policy
described in Proposition 3. That policy gives each generation a return on
its deposits equal to the lesser of the expected return to the risky asset
and the sumof the actual return and the reserves held by the internediary so
that the consunption of each generation is:

- Min(&(y ]y, + m ;) + e. (17)

¢
If the reserves held by the internmediary are very low (close to zero), the
agent nust be worse off than in the market equilibrium because conpared to
the equilibrium he |oses the high returns when §t > 8§t and still suffers the

probability of |oss when §t < 8§t. So any generation will only be better off

if it inherits a large reserve from the previous generation. This will be
true nost of the time, but occasionally a generation will be born when
reserves are low and that generation will be worse off ex post. [f that

generation can opt out of the risk sharing nechanism the whole scheme will
unravel, leaving us in the situation described by Proposition 4.

Propositions 1 and 3 inply that expected utility will be higher for
al nost every generation in an internediated econony than in a market-based
econony. I nconpl ete financial markets do not allow intertenporal snoothing,
while internmediaries in principle can, provided investors do not have ready
access to financial markets. This suggests that the German financial system
with its reliance on financial internmediaries, may have sone advantages over
the U S, whi c‘h relies more on markets. However, Proposition 4 suggests that

22



opening the German financial system to foreign conpetition, for exanple by
creating a single European market in financial services, could undermne the

potential for intertenporal snoothing.

7. Extensions and O her Applications

Qur formal analysis has focussed on a sinple overlapping generations
model . This benchmark is meant to illustrate the absence of intertenporal
snoot hing that can result frominconplete markets and to show how an
internediated financial system can elinmnate the resulting inefficiencies.
It is inportant to stress that the overlapping generations structure is
chosen because of its tractability. W believe that there are nmany other
types of inconpleteness that |ead to the absence of intertenporal snoothing.
In this section we discuss sone of these other types of inconpleteness.
Internediation is one way of providing intertenporal smoothing and in our
overl appi ng generations nodel is able to inplenent an optinal allocation. W
al so discuss other ways of achieving intertenporal snoothing at the end of
t he section.

A natural extension of our nodel is to the case where each generation
lives for nmore than two peri ods. In this case the opportunities for
intertenporal risk snoothing may be increased. For exanple, generations
whose prine earning years were during the Great Depression of the 1930's or
the oil shocks of the 1970's and early 1980's had a very different experience
from generations whose prime earning years were during the 1920's or 1950's
and 1960’ s. Sharing the risk associated with these types of event can
increase welfare, To illustrate the type of risk sharing that could occur,
suppose each generation lives for three periods and only the m ddl e-aged and
old consune. Each period the young and nmiddle aged will have a desire to
share their consumption risk in the next period when they are niddl e-aged and
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old, respectively. One formthis risk sharing may take is that in high
out put states next period the then old will give consunption to the then
m ddl e-aged in exchange for the opposite flow when output is low. This type

of risk sharing cannot be achieved by holding standard debt and equity

securities. If financial markets are relied on for this type of risk sharing
then individualized securities based on age, health and so on wll be
necessary. The problens in inplenmenting this type of contract such as

adverse selection, noral hazard and hi gh transaction costs are well known.

In contrast, inplenenting intertenmporal smothing with an internediary does
not face these difficulties. There is no need for the individualized
contracts necessary in financial markets and all the problenms with these are
avoi ded.

The extension of the nodel from having generations with three-period
lives rather than two-period lives naturally raises the issue of what happens
when nore periods are introduced. In addition to the risk sharing across
generations discussed above, this extension introduces the possibility of
sel f-insurance over tine. The result that Schechtman (1976) proved shows
that with a [ong enough time horizon, individuals nmay be able to considerably
reduce risk on their own. \Whether such self-insurance can be achieved in an
individual's lifetine depends on a nunber of factors. In the first place, the
nunber of independent shocks may be small. We can think of the Geat
Depression as being one shock and the boomin the 1950's and 1960's as
another. Wth this interpretation the nunber of periods each generation lives
through is small. In addition, there are life cycle considerations which my
prevent households from self-insuring. For exanple, the desire to purchase a
house and provide an education for their children neans that many househol ds
do not start saving for retirement until fairly late in life. For both these
reasons the possibilities for self-insurance are linited
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Finally, note that inconplete market participation will not be a
probl em when agents have a bequest notive that causes successive generations
to act like a single infinitely-lived individual. However, since all the
enpirical literature we know suggests that bequest nptives are either
inconplete or absent, this is likely to remain a theoretical curiosity.3

We have so far limted our discussion of alternatives to the narket to

i nternediaries. Anot her inportant issue is the extent to which other
institutions can alleviate the effects of risk. Per haps the nost obvi ous
exanpl e of such an institution is the governnent. They coul d, for exanple,

provide intertenporal snoothing by investing in safe assets directly.
However, in recent years, responding to the argunent that the private sector
is better able to make investnment decisions, governnents in a number of
countries have reduced their direct investment and have privatised their
exi sting hol dings of assets. If there are government failures which [imt
the effectiveness of governments in investing directly, intermediaries may be
able to smooth risk nore effectively.

G her nethods of alleviating risk available to the governnent are
social security schenes and budget deficits. Pay-as-you-go social security
schenes and budget deficits are concerned with reallocations at a given point
intime. They are methods of sharing risks between and w thin generations;
they do not achieve intertenporal snoothing through asset accunul ation.
Funded social security systens can provide intertenporal snoothing through
asset accurul ation, but only if the fund is invested in real assets rather
t han paper clainms. The government may play an inportant role in this respect
if it is interested in the long-run welfare of its citizens. Simlar
consi derations apply to occupational pension schenes provided by industrial

groups or |arge enployers.
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8. Concl usion

A nunber of European countries have apparently decided to encourage the
devel opnent of nore sophisticated financial markets. In discussing French
financial reforms in the mid 1980's Melitz (1990) nmkes the follow ng

observati on.

As one contenpl ates the panoply of measures that took effect in France
fromlate 1984 to the end of 1986, there is no doubt that the changes were
inspired by a general vision. This was no nere lifting of controls: new
instruments were created, new markets were added, including nmarkets in
futures; and the inportance of permitting every individual agent to hedge his
risks was clearly recognized. The whole program smacks of a close
acquaintance with the principles of finance

Al t hough cross-sectional risk-sharing advantages may be gained as a result of
these reforns, intertenporal risk smoothing possibilities may also be |ost.
The integration of the European Union, the desire of the US to
liberalize trade in financial services, and the reconstruction of financial
systens in the forner Soviet block, all nake the trade-off between the two
types of risk sharing relevant from a policy perspective. O course, this is
not the only issue that arises in the design of a country’ s financial system

A fuller discussion of these issues is contained in Allen and Gale (1995).
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Appendi x

Proof of Proposition 1

For any history y- = (y1+---»¥¢.1) and any equilibrium the amount of
the safe asset held by the young generation m_ = e - p, is positive if and
only if the following first-order condition is satisfied:

BlPeyy = P ¥ Y)W (Peyg = Pt Yy + )|y"1 = o. (18)
Let x and y be random variables with joint probability distribution gx. Then
the first order condition is a special case of the equation:

j<§+§>w<§+§+e>dp-o. (19)
The following |enma establishes an inportant inequality that mnust be

satisfied by any random variabl es satisfying this equation.

Lenme;  Suppose that x and y are random variables satisfying
-e<x<eand 1/A<y <A
with probability 1 and that u* is a continuous, increasing function on
[0,2e + A]. Then there exist numbers ¢ > 0 and n > 0 independent of X and ¥y
such that Prob([x < €] > 7.
Proof :
0 - f(i F P E+ T+ e)dy (20)
- I§u’(§ +y + e)dp + j§u’(§ +y + e)dy
2 uminszogd” * umaxIx<O§d“ + uminJ.§d“’
Uin = W (2e + y) and Wax = W (0). Since the first expression is

clearly non-negative, this inplies that

Ymin o~ ~
i e (21)

max

For any number 0 < ¢ < e,

Ix<o§du > - e p(0>x> - €) - p(x < - ee, (22)
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since x >2 - e. Then

BE<- ) 2e B - cn0>x2 - ) 2 e L(ge), (23)

u .
where f = nmln Al Putting n = e'l(ﬂ - €¢) for some small value of ¢ > 0

max

completes the proof.l

Returning to the proof of the proposition, we can identify Yer1 with y and
Pes1l - Pe with x. Since the conditions of the Ilemma are evidently satisfied,

we can concl ude that

pt+l - pt < - ¢ with probability n,
where the numbers ¢ and n are the ones given in the lemma and are independent
of yt and of the equilibrium In particular, with probability n > 0, Peyp <
e and m > 0, so repeating the same argunent we can conclude that wth
probability 772, Peyp - Pp < - 2e. Continuing in this way, we can show that
with probability r;k, Peyk - Pp < - ke, for every k such that t < T - k.
Since this argunment nust wultimately lead to negative prices for k
sufficiently large, letting k be the smallest value of k greater than e/e, we
conclude that m_ > 0 is possible only if t > T - k. By construction k is

evidently independent of the equilibrium and T.[j

Proof of Proposition 2

Consi der the decision of the |last generation who are young at date T-1.
Their decision is to maximize gT-lu(§TxT-1 + e - pp_qXp.q) subject to
Pp_1X¥p.q S ©- The first-order condition for an optimmis

Ep W (pxp_ q + @ - PpgXp Vg - Ppy) 20, (24)

with strict equality if Pr.1 < e- Since Xr1 ~ 1 in equilibrium and u is
strictly concave, the first-order condition uniquely deternmines the agent’s

portfolio and the equilibrium price and since (§t) is 1i.i.d. these values are
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i ndependent of history. Using the same argunent repeatedly shows that there
is a unique equilibriumin which the price p, at each date t is independent

of the history it'

Now suppose that (ﬁ;) is a feasible policy that achieves a
Par et o-i nprovenent conpared to the equilibrium allocation. In order that
generation T-1 be no worse off, it nust be the case that n—‘i,'r_l 2m, , =e -
Pp_y» for all possible histories Yo 1. And if generation T-1 is better off
this inequality nust be strict. The sane argument can be repeated for each
preceding generation, so showing that 5; 2 m, for all t, with strict
inequality for those generations who are actually better off. But this is

clearly not feasible, so we conclude that the equilibriumallocation is

strongly Pareto-efficient.]j

Proof of Proposition 3
Consider the policy (m,_) defined as follows:
ﬁo -0 (25)
""t = Min{gyo-’ﬁo-,1 + §o-) t e

- + - .
mt mt_l + yt e Ct

Define a random variable Xt by putting Xt -1 if Et < 8§t + e and Xt =0

ot herw se. Shechtman (1976) has shown that 8[%22_1 X.] >0 as T > »,. Then,

t
for any ¢ > 0,

#(ogcsrlsxt >€)/T>0as T =, (26)
Consequently, for any € > 0, there exists a T such that T > T implies that
#(OSCSTIQu(Et) > u(€§t +e) - €} > (1 - €)T, (27)

as required.|}
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Proof of Corollary 3.1

W begin by establishing the inequality (13). The sequence (§t} is

initially assumed to be i.i.d. Suppose that a policy (Et) solves the problem
T -~
Max €[Zt=l Aule)] (28)
s.t. ct = yt + e + mt - mt:-l'

The first-order conditions for the choice of Et for this probleminply

)\tu (ct) - B (29)
and for the choice of Et imply

Be 2 gc“t+1’ (30
where B is the Lagrange multiplier associated with the constraint and 8t
denotes the expectation operator conditional on the information available at
date t. Suppose that ((it,ﬁt))z_l is an attainable allocation with the
property that Et = 0 for every t. Recall that §t < A with probability 1.
Then

Atu (e + yt) 2> 8t'\t:+1u (e + yt+1) (31)
for every realization of ;t’ which implies that

A B u(e+y )
t > t t+1 - %’ (32)

'\t+1 u’ (e + A)

where p < 1 can be chosen independently of t because the process (;'t)’ is

assuned to be i.i.d.

The preceding argument can be extended to the case in which the (;t) are

not i.i.d., if it is assumed that variance of ¥y conditional on §t is

t+l
bounded away from O In that case, the ratio

Euwle+y.,)

> 1 (33)
u’ (e + A)

is uniformly bourtded away from 1 and so is bounded below by 1/p for some

p < 1.

It is clear that a sequence (), ) satisfying (13) cannot satisfy the
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uni form wei ghting property (12), and this proves that the equilibrium
allocation is not uniformy Pareto-efficient. An alternative proof follows
fromthe fact that an alnost uniform Pareto inprovement is possible. Let
(Et) be the consumption sequence generated by the policy defined in the proof
of Proposition 3. Let n = u(@?t +e) - 8u(§t + e) > 0. Then for any ¢ > 0
there exists a T such that T > T implies

#(OStST|8u(Et) < Bu(y + e) + 1) < €T. (34)

For any B-uniform sequence (kt), where B > 1 is fixed but arbitrary, and for

all T > T,
1T -
th-l )\tgu(ct) 2 th 1 t(gu(}’ +e) +1n) - eBu(E?y + e) (35)
1T -1
2> th=l bY gu(yt + e) + nB - eBu(@yt + e)
1T
> Zt 1 by S’u(yt + e)

for ¢ sufficiently small. This shows that the equilibrium allocation is not

uniformy efficient for any fixed but arbitrary B and all T sufficiently

large.l

Proof of Corollary 3.2
What Schechtman (1976) actually shows is that
lz u(c ) > u(Ey_+ e) (36)
T4t t t )

For any feasible consumption sequence {(c’},

1 =
8L, uley) < €u(ZtT . (37)
s u(gth t
- u(@yt + e).
Choosing At = 1 for every t,
1 ~ 1 ~
TEL A u(e ) = $8L ule)) (38)

> u(@?t + e),

which shows that the policy is B-uniformly undominated in the limit.[]
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Proof of Proposition 4

Let ((Et,ﬁt,it)) be the global equilibrium and (E;) the policy adopted by the

intermediary. Using the budget constraint of the buying generation e = ﬁt”t

+ Et and the market-clearing condition xt = 1 gives pt -e-m. It follows

that the disinternediation constraint (DC) can be witten

- t-1 ~ ~ ~ t-1
Bluc) |y 71 2 8luy  +m_; -m  +e)|y 1, (39)
for t = 1,...,T-1. In the last period T, e = 0 and E& - ET - 0 so Et - iT +
5&_1 and in this case the DC reduces to
~ ~, T~1
Eluly, + my |y 2 Efu(yy + my_ 1)Iy . (40)

Si nce E&-l and ET-I are functions of yT-l, this implies

Dp.p 2 Wp_q- (41)
Suppose IﬂT k= mT k for some k. Then
: . T-k-1 = = ~ T-k-1
Q[u(yT_k+mT_k_l-mT_k+e)|y ] > g[u(yT-k+mT-k-1'mT-k+e)| 1,
(42)

implies a&_k_lz aT-k-l' So by induction

mé b4 m, for 1,...,T-1. (43)

Since m{ > m,, if the initial old generation is not to be made worse off it

must be the case that Ei - El. Substituting this into the DC implies that’ﬁé

< 52' Combining this with (43) implies Eé - 52.

that Et - EL for all t = 1,...,T-1, so the DC is satisfied with equality in

By induction, we can show

all periods, which inplies that no one is nmade better off ex post by the risk

sharing mechanism.]]
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Not es

"See Allen and Gale (1995).

*For a further discussion of the issues involved in intergenerational risk

sharing, the reader is referred to Gale (1994) and the references cited
t here.

3 See Altonji, Hayashi and Kotlikoff (1992) and the references cited therein.
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