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Abstract

The returns of assets that are traded on financial markets are more volatile
than the returns offered by intermediaries such as banks and insurance
companies. This suggests that individual investors are exposed to more risk
in countries which rely heavily on financial markets. In the absence of a
complete set of Arrow-Debreu securities, there may be a role for institutions
that can smooth asset returns over time. In this paper, we consider one such
mechanism. We present an example of an economy in which the 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 {s fragile; competition from
financial markets can cause the intertemporal smoothing mechanism to unravel,
in which case the intermediary will do no better than the market.



1. Introduction

In the early nineteen-seventies most industrialized countries were
adversely affected by a sharp rise in oil prices. This "o0il shock" had a
dramatic effect on the value of U.S. firms. As illustrated in Figure 1, the
real value of shares listed on the New York Stock Exchange fell by almost
half compared to their value at the peak in 1972. This collapse in share
prices had a severe negative impact on the wealth of any investor whose
portfolio contained a significant amount of stocks. Any investor who was
forced to liquidate stocks after market prices fell would have suffered from
lower consumption over the remainder of his life. Retirees in particular
might have been effected in this way.

In Germany, where savings are mostly placed with intermediaries such as
banks and insurance companies,l the effect was rather different. Since their
claims on intermediaries were fixed in nominal terms, these individuals did
not suffer a fall in wealth like their counterparts in the U.S. and would not
have been forced to reduce their consumption. Somehow the German financial
system was able to smooth the oil-price shock rather than passing it on to
investors.

In the nineteen-eighties, the situation was reversed. The economies of
most industrialized countries performed relatively well. 1In the U.S., 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 hiéher level of consumption. The dissaving generation in Germany
did less well, by comparison, Since their savings were placed with
intermediaries, such as banks, on which they held fixed claims, there was no
windfall gain for them.

The effect of the "oil shock™ on the U.S. market is an example of what

is usually considered a non-diversifiable risk. The shock causes highly

1



correlated changes in most asset values, so investors cannot avoid the risk
by holding a diversified portfolio. Nonetheless, these episodes illustrate
that the risks borne by individuals in two countries may be very different,
even though the countries are subjected to similar shocks. Thisg raises the
interesting questioﬁ of whether and how different financial systems can cope
with this sort of risk.

Traditional finéncial theory has 1little to say about hedging
non-diversifiable risks. It assumes that the set of assets is given and
focuses on the efficient sharing of these risks through exchange. For
example, the standard diversification argument requires Individuals to
exchange assets so that each individual holds only a small amount of any

risk. We call this kind of risk sharing cross-sectional risk sharing,

because it is achieved through exchanges of risk among individuals at a given
point in time. This diversification strategy has no effect on macroeconomic
shocks which affect all asset prices in a similar way.

Departing from the traditional approach, this paper focuses on the
intertemporal smoothing of risk. Risks which cannot be diversified at a
given point in time can nevertheless be averaged over time in a way that

reduces their impact on individual welfare. One hedging strategy for

. P, . .. . . . 2 .
non-diversifiable risks is intergenerational risk sharing,” which spreads the

risks associated with a given stock of assets across generations with

heterogeneous experiences. Another strategy involves asset accumulation in
order to reduce fluctuations in consumption over time. Both of these

strategies are examples of the intertemporal smoothing of asset returns.

In standard financial models with fixed asset supplies and a single
period, it is usually argued that somebody must bear the non-diversifiable
risk. Such models implicitly assume away possibilities for intertemporal

smoothing. At the other extreme, in an ideal Arrow-Debreu world,



cross-sectional risk sharing and intertemporal smoothing are undertaken
automatically if markets are complete and participation in those markets is
complete. Neither the standard models, which assume a fixed set of assets,
nor the idealized Arrow-Debreu model, 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
accumulated. In particular, they don't tell us how a country’s reliance on
financial markets or intermediaries affects its ability to smooth asset
returns by changing its dynamic accumulation path. Yet the example of the
differing responses of the German and U.S. economies to the oil shock of the
nineteen-seventies and the boom of the nineteen-eighties suggests that
intertemporal smoothing may be of some impertance in practice.

The purpose of this paper is to consider the consequences of
intertemporal smoothing for welfare and for positive issues such as asset
pricing in a model with incomplete markets. In practice, markets may not be
complete in an Arrow-Debreu sense for a wide variety of reasons including
moral hazard, adverse selection, transaction costs and incomplete
participation. For simplicity and tractability, we consider the case where
participation is incomplete because of an overlapping generations structure.
This is a tractable paradigm for the analysis of intertemporal smoothing and
captures many of the features common to a wide range of models where markets
are incomplete.

Our analysis is related to a number 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 overlapping generations model. Scheinkman
(1980), McCallum (1987) and others have showed that incorporating a
long-lived asset rules out the possibility of over-accumulation. None of
these papers is concerned with risk. 1In contrast, our paper analyzes how the
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risk arising from the dividend stream of long lived assets is not eliminated
by financial markets but can be eliminated by an intermediary. The second
strand of the literature is concerned with liquidity risk. Qi (1994) extends
the Diamond-Dybvig model to an overlapping generations model. In his model
there is no aggregate risk and no role for intertemporal smoothing. Finally,
Fulghieri and Rovelli (1994) and Bhattacharya and Padilla (1994) also compare
the performance of markets and intermediaries in achieving an efficient
intertemporal allocation of resources in an overlapping generationé model.
There is again no aggregate uncertainty in their models and they do not
consider intertemporal smoothing.

In Section 2 we describe a simple model with two assets, a risky asset
in fixed supply and a safe asset that can be accumulated over time. In
Section 3, we show that in the market equilibrium, the safe agset is never
held; in faet, it is dominated by the risky asset. Then we show, in Section
4, that for almost all social welfare functions in a broad class, welfare can
be increased by the introduction of intertemporal smoothing, something the
market has no incentive to do. In Section 5 we interpret intertemporal
smoothing as the product of intermediation and suggest that the contrasting
performance of the U.S. and German economies may be understqod in terms of
this intertemporal smoothing mechanism. In Section 6 we show that this
mechanism is fragile and that competition from financial markets can lead to
disintermediation, which causes the smoothing 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

Our purpose 1is to develop a benchmark model for considering
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intertemporal risk smoothing. We are interested in the case where there is a
long horizon and no discounting. For the analysis to be tractable, we assume
there is a finite horizon and analyze what happens in the limit 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 twao periods. Without
loss of generality, we assume that each generation consists of a single,
representative individual.

At each date there are a consumption 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. We normalize the supply of the risky asset to
unity and assume the entire amount is owned by the old generation at the
first date. Each peried, it produces a random amount of the consumption
good. Let §t > 0 denote the amount produced at date t. For some results we
assume that the random wvariables {;t} are i.i.d.; in other cases, general
stochastic processes are allowed. For simplicity, 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 < it S A for all t = 1,...,T. We also assume 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 consumption
can be converted costlessly into one unit of the safe asset. For simplicity,
the return on the safe asset is normalized to 2zero, so one unit of
consumption invested in the safe asset at date ¢t yields one unit of
consumption at date t+1. The amount of the safe asset owned by the old
generation at the first date is zero.

The generation born at date t has an initial endowment of e > 0 units
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of consumption at date t and nothing at date t+i. Agents consume only when
old. In order to provide for consumption when old, generation t can purchase
some of the long-lived asset, consume its output at date t+l and sell the
asset to the next generation. Agents choose their investments to maximize
the expected value of their von Neumann Morgenstern utility function u(c

t+1)’

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

The special features of this model are chosen for the sake of
simplicity. In particular, the overlapping generations structure is a
metaphor for the wide range of sources of Incompleteness that arise in

practice. Extensions are discussed in Section 7 below.

3. Market Equilibrium

Let X, 2 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 borrowing. A young
agent at date t chooses a portfolio (mt,xt) to maximize the expected value of
utility 8t[u(zt+l)], where St 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 endowment:
P.X_ +m =e; the second-period budget constraint restricts his consumption
to be equal to the terminal value of the portfolio:

Se41 T X Wyp * Peyp) tomps )
Since the agent’'s decision can at most depend on the information available to

him, his choice of (xt,mt) is a function of the history of asset returns up

to and including date t. Prices satisfy the same condition, since they must

depend on agents’ decisions. 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 maximize 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 {(it,ﬁt)}-

and prices {Et}, adapted to the stochastic process [§t}’ satisfying the

following conditions:

(i) for every t = 1,...,T-1, (Et,ﬁt) solves
Max 8[u(3t+l)] (2)
s.t. Stgt + Et = g
c

el T XUy * Peyyp) +m,
where ET = 0, and

(ii) for every t = 1,...,T-1,

Et = 1. (3)

Although the safe asset would seem to be a useful hedge égainst
uncertainty about the yield on the risky asset, it turns out that agents will
almost never hold the safe asset in equilibrium. More precisely, we can find
a fixed number k, independent of the horizon T, such that no agent invests in
the safe asset at any date t < T - k. Thus, the fraction of periods in which
the demand for the safe asset is positive becomes negligible as the time

horizon T approaches infinity.

Proposition 1

There exists a fixed k, independent of the horizon T, such that in any

equilibrium {(it,ﬁt,ﬁt)}, m_ = 0 and ﬁt = e for all t = 1,...,T-k. 1If we

assume that the dividends [§t’ are i.i.d., then as T 5 = the long-run average

expected utility converges to &{u(y + e)].
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The proof can be explained heuristically as follows. 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 some risk of capital loss, More
Precisely, at any date t in which the safe asset is held, agents must expect
some probability of a fall in the value of the risky asset that more than
offsets the dividend. Then ﬁt > 0 implies that Et > §t+l + §t+l with positive
probability. This in turn implies that for some ¢ > 0, the asset price falls
by at least ¢ with pProbability at least ¢. Furthermore, if Et+1 < e then the
budget constraint implies that Et+1 > 0. So we can use the same argument
repeatedly to show that with positive probability the price continues to fall
by € every period. The budget constraint and the market-clearing condition
imply that

Et < 5t§t + fit = e. (4)
Since the price of the risky asset is never greater than e, the price cannot
fall for more than k = e/¢ periods. 1In other words, the demand for the safe
asset can only be positive when the horizon is less than k periods away.

To complete the proof of the first part of the theorem, note that

whenever ﬁt = 0, the budget constraint and the market-clearing condition

imply that

Pe TP T W~ & (5)
The last statement in the theorem follows immediately from the law of large
numbers and the assumption that returns §t are i.i.d., since for all but a
negligible fraction of periods,
Ceel T XUy ¥ Py e (6)
=Y t e
To illustrate the properties of the market equilibrium, it is helpful to

consider a simple example with a two-point distribution of returns.



Example 1: Suppose that {§t} is an i.i.d. dividend process with
_ 0.5 w.pr. 0.5
Yt 71 1.5 w.pr. 0.5

for every t, the endowment is e = 5 and the utility function is u(c) = 1n c.

The path of prices is shown in Figure 2. It can be seen that k = §,
During the first phase consisting of periods t = 1,...,T-6 the price is
constant at 5t = 5. During the final phase from T-5 until the horizon T, the
price falls toward zero. Consider the final phase first. At the horizon T,
ﬁT = 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 ET = 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 Ppr.q = €[u’(ET)§T] = 0.95. At date T-2, the amount 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 Pp.g = S{u'(ET_1)§T_1] + Pp.q = 1.90. similarly, in
each period in the final phase the current price is determined by the next
period's dividend and price. Going backwards through time the price rises as
the stream of future dividends becomes longer. At date T-6, the price
calculated in this way is 5.60. However, the endowment of the young
generation is only e = 5. This is the most they can pay for the asset and so
Pr g = 5> rather than 5.60, In all the periods before date T-6 it is
similarly the case that the young put their entire wealth into the asset and
P, - 5. They would like to invest more but cannot; they are already
investing all their endowment and they are unable to borrow. The risky asset
strictly dominates 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 S{rt] = 1/5.
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During the initial phase, the price is determined 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 endowment of the

younger generation rather than the future stream of dividends. If the
endowment had been e = 3, then in the first and typical phase of the
equilibrium, it would be the case that P. = 3 and g[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 importance of "cash in the market" for
asset pricing in another context,

The fact that the safe asset is almost never used in equilibrium is
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
from the risky asset and the endowment of the young, it is impossible to make
everyone better off. Furthermore, under the additional assumption that the
dividend process is i.i.d., we can show that the equilibrium is strongly

Pareto-efficient, that is, it is impossible to make some agents better off

without making other agents worse off.

Proposition 2

[
[l
(=R

If the dividend process {§t} is the market equilibrium

allocation is strongly Pareto-efficient.

Under the assumption 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
determined and independent of the history of returns at each date t. Then
using 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. Similarly, a
generation must be worse off if it holds less of the safe asset. But this
shows that any weak Pareto improvement must violate a feasibility condition,

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

4. Intertemporal Smoothing

In the preceding section we saw that the market equilibrium allocation
is technically Pareto-efficient. Nonetheless, 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 intertemporal smoothing. While it is
not possible to make everyone better off compared with the equilibrium
allocation, the main result in this section shows that by accumulating
reserves in the form of the safe asset and using them to "smooth" 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 amount. The fact
that the improvement is non-negligible and uniform is crucial since it is
always trivially possible to make almost 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 refinement of the standard Pareto criterion
is in fact very mild and that the "efficient" allocations that are eliminated
by it may well be regarded as pathological,

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
held, then for most agents their allocation will be exactly the same as in
the equilibrium allocation. More 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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endowment, which is exactly what they receive in equilibrium at any date t <
T - k. Then as T approaches infinity, the new allocation, in which the safe
asset is never held, differs from the equilibrium allocation at most for a
negligible fraction of periods. So holding reserves in the form of the safe
asset is a necessary condition for any increase in welfare. What is somewhat
surprising is that any increase in welfare can be achieved by holding a
dominated asset.

As the preceding argument shows, we can restrict attention to

allocations which give all consumption at each date to the current old

generation, Then a feasible policy can be represented by a non-negative
sequence of random variables (ﬁt}, adapted to {§t}' such that the

corresponding consumption levels are norn-negative:

—~ —— —

Ct4l T Year t Meyp " M 220, 7

for every date t, and
Ch =Y, - m + e,
o=y
The next result demonstrates the potential for increasing the welfare of

almost every generation.

Proposition 3
Suppose that the dividend process [it} is i.i.d. For any ¢ > 0 and all
T sufficiently large, there exists a feasible policy {ﬁt] which guarantees a

fraction (1 - ¢) of the generations a utility level greater than or equal to

u(€§t +e) - e.

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

ﬁt = max {§t + at-l - 8§t’ 0). (8)

The renewal theorem tells us that the fraction of time that this process
spends at the boundary ﬁt = 0 becomes vanishingly small as T approaches
infinity. The individual’s consumption is less than 8§t + e only when m
equals 0, so we conclude that the individual's consumption is equal to
8§rt + e for all but a negligible fraction of the time.

The same policy is feasible in our framework. Applying Schechtman's
result, we can conclude that with probability one, the fraction of
generations receiving consumption less than 8§t + 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 dividend:

g[u(gt + e)] < u(gfrt + ey, (%)

The improvement allowed by intertemporal smoothing can be illustrated in the
context of Example 1, where we see that in the market equilibrium, expected
utility converges to

n(5.5) + €n(6.5) = 1.7883,
as T > ». In contrast, with intertemporal smoothing, the long-run average
expected utility converges to

én(6) = 1.7918,
as T 5 o,

Although the technical details of the proof of Proposition 3 are
somewhat involved, the significance is clear. By transfering income between
periods to smooth consumption as much as possible, almost every generation
will be made better off by a non-negligible and uniform amount. We call this
an almost uniform Pareto improvement.
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It remains to make precise the sense in which an almost uniform Pareto
improvement represents an increase in social welfare. We shall argue that
under mild refinement of the sfandard concept of Pareto efficiency, an
allocation is not efficient if it is possible to make an almost uniform
Pareto improvement. We make use of the well known fact that if the utility
functions are concave, every Pareto-efficient allocation maximizes a weighted
sum of utilities. More precisely, a feasible policy {ﬁt} is Pareto-efficient

if there exists a non-negative sequence of numbers {At} such that {ﬁt} solves

the problem

T -~
Max Et=l Atu(ct) (10)
5.t. e, = yt + mt - mt_1 + e,

mt >0, ct > 0, m0 = (,

One can think of the objective function as a Bergson-Samuelson welfare

function

W(u,,u,,u,,...) =T A (11)

17722730 t=1 "t t’

in which the welfare weights {At} determine how much each generation’'s
welfare "counts" in the caleculation of social well being. The welfare
function W defined by equation (11) is said to be unifoymly weighted if there
exists a number B > 1 such that

1/B £ At < B for every t. (12)
At one extreme, when B equals 1, the implied welfare function is equally
weighted. As B becomes larger a wider range of weights is allowed and as B
becomes arbitrarily large, most schemes with positive weights are allowed.

The crucial restriction is that the ratios of weights At/At for different

+h’
generations t and t+h, remain bounded and bounded away from 0. Now this is
precisely what is not possible if the market equilibrium allocation is to be
a solution of a welfare maximization problem 1like (10}. If the market

equilibrium allocation solves (10) it can be shown that the welfare weights
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must be extremely unequal. 1In fact, we shall shortly see that the ratio of
the weights At/kt+h converges to 0 as the distance between generations h
diverges to =. This is the sense in which the Pareto efficiency of the
market equilibrium allocation appears to be somewhat pathological and this is
why we consider the restriction to uniform welfare functions rather mild,
This refinement of the Pareto criterion motivates two immediate
corollaries. The first makes precise the sense in which the equilibrium

allocation is not efficient. A feasible policy {Et) is called uniformly

Pareto-efficient if it solves the maximization problem (10) and the welfare
function is uniformly weighted. To ensure that this restriction has some

cutting power, we keep B fixed as the horizon T is allowed to increase

without bound.

"Gorollary 3.1

Suppose that equilibrium allocation described in Proposition 1 is a
solution of (10) for the welfare weights {Xt}. 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 uniformly Pareto-efficient.

The proposition shows that as the distance between generations grows large

the relative disparity in their welfare weights grows without bound. More

precisely, At+h/At < ph » 0 as h » =, (Clearly this is inconsistent with

the uniform weighting property (12), which requires that
2

< B,

2
1/B°< A /A,y S

for all values of t and h, and this explains why the market equilibrium
allocation fails to be uniformly Pareto-efficient.
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In Example 1, considered in the previous section, p = 0.92 so that the
weighting of each generation in the social welfare function underlying the
market equilibrium allocation falls quite rapidly and it is not necessary for
generations to be far apart to have widely different weights. There seems to
be no good rationale for this property and, from a welfare point of view, it
might be argued by many that a more equal weighting would seem to be at least
as reasonable.

The second corollary shows that the intertemporal smoothing policy is
uniformly Pareto-efficient, at least in the limit as T =. To show this, we
first need to extend our definition slightly. Call a feasible policy {ﬁt}

uniformly Pareto-efficient in the limit if there is some bound B, and a

uniform weighting scheme {At) such that for any ¢ and all T sufficiently

large,

1., ¢T -~ l,,oT ~,

78l g ue )] > 8L wEDT + ¢, (14)
where Co =Yg + M - m._, + e and c% =Y.t m; - m%_l +e, for t =1,.,,,T,

and as usual EO = ﬁb = 0. Note that two properties are being combined in our
notion of uniform efficiency in the limit. First, although a policy may be
dominated for each finite horizon T it catches up in the limit as T diverges
to «. Second, we are comparing long-run weighted averages of utility, rather

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

result,

Corollary 3.2

The policy {ﬁt) described in Proposition 3 is uniformly Pareto-efficient

in the limit,

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

policy must eventually overtake any other,

5. Implementation of Intertemporal Smoothing Using Intermediaries

In the preceding section we studied .the uniformly Pareto-efficient
allocations, without specifying the institutional framework that implements
them. One possibility is that a long-lived intermediary provides insurance
against swings in asset prices by averaging gains and losses over time. Such
an intermediary would hold all the assets and offer a deposit contract to
each generation. By accumulating 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 market does not value the safe asset’'s contribution to
future generations' welfare through risk reduction, because it only looks at
rates of return. The price of the risky asset in the market equilibrium is
always so low that its return dominates 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 intermediaries are not
simply veils thrown over a fixed set of assets. They actually determine, in
conjunction with other factors, the set of assets accumulated by the agents
in the economy. By adopting one or another set of institutions, the economy
is placed on a different trajectory, with important implications for the
aggregate risks to be shared.

At a theoretical level it seems that an intermediated financial system
can achieve a higher level of welfare than a market-based system. It is
tempting, then, to compare the U.S. and German financial systems in the light
of this example. Does the greater emphasis on financial markets in the U.S.
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imply that U.S. investors are exposed to more 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 mention here.

First among them is the question of the objective that German
intermediaries pursue in practice. This is, of course, an empirical issue.
As discussed in Allen and Gale (1995), among universal Banks only the
commercial banks which together constitute about a quarter of the country’s
banking assets are profit maximizing entities. Savings 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 mutual structure in which the depositors are the shareholders or
are specialist banks, some of which are profit maximizing while others are
not.

Whether they are operated in the public interest or not, it can be
argued that German intermediaries are innately cautious. One possible
explanation of this is the regulations imposed by the Bundesbank. Another is
that asymmetric information makes it optimal for them to develop a reputation
for financial stability. Whatever the reason, German banks are generally
believed to hold high levels 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 used here, it may nevertheless be a significant
improvement over the market in terms of intertemporal risk smoothing.

How close an intermediary gets to the welfare optimum 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 intermediary will choose a uniformly efficient policy. For
example, we might suppose that the intermediary is an enterprise run in the
public interest that seeks to maximize the long-run average expected utilicy
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of its depositors;
tim, r-1 Q{ZLI ul. (15)

This is an objective that would be appealing from the point of wview 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 time horizon and and safeguards the future of the institution by
taking into account the interests of future as well as present depositors,
This might be the result of regulatory pressure, rent-seeking behavior, or
corporate culture supported by a repeated-game equilibrium. We do not expect
that short-term profit or value maximization will lead to this kind of
behavior, but our view is that neoclassical economics puts too much emphasis
on the profit-maximizing firm as the only alternative to a welfare-maximizing
government, In practice, there is a broad spectrum of institutions with
intermediate objectives and there is room in a mature theory for institutions
that maximize a welfare function like the one above (see Allen and Gale

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

6. Competition between Intermediaries and Financial Markets

A commonly heard argument is that financial markets of the type
observed in the U.S. are desirable because of the risk sharing opportunities
they provide. It has been suggested that this argument is correct as far as
cross-sectional risk sharing opportunities are concerned but ignores
intertemporal risk smoothing. We have shown in the context of a simple
overlapping generations model that an intermediated financial system can lead
to almost everybody being better off than with financial markets. A natural
question that arises is whether it is possible to combine the cross-sectional
risk sharing advantages of U.S5.-style markets with the intertemporal risk
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smoothing advantages of a German-style intermediated system.

In this section we show that there is a significant problem from trying
to combine the two types of system. The reason is that risk sharing of the
kind discussed in the last few sections implies some form of arbitrage
opportunity. So it will be easier to perform this feat in an economy which
does not have active markets. Taking advantage of arbitrage opportunities is
rational for the individual, but it undermines the insurance offered by the
intermediary. This is why the U.S. financial system cannot provide
intertemporal risk smoothing of the type described, although it provides a
tremendous variety of financial instruments. Increased openness to
competition and the opportunity to trade in new financial markets may have a
similar impact on the German system.

One way to see the effect of competition from financial markets is to

consider the effect of opening up a relatively small closed and intermediated

financial system to global financial markets. The small country’s financial
system now faces the constraint that individuals can opt out and invest in
global markets instead. The assumption that the country is small relative to
the rest of the world implies that prices in the global market are not
affected by the financial system of the small country or its investors’
decision to participate in the risk sharing mechanism provided by the
intermediary.

Let {(Et'gt’at)] be the equilibrium in the global market and let {ﬁ%} be
the optimal policy implemented in the small country. The global equilibrium
represents a benchmark for the welfare of investors in the absence of a
long-lived intermediary, as well as an outside option for the individuals
when the intermediary is in operation. We assume that all investors in the
small country make use of the intermediary. Since the intermediary can
always replicate the investment oppottunities available through the market,

20



there is no loss of generality in this assumption.

Disintermediation can take several forms, depending on whether investors
are able to make side trades while taking advantage of the intermediary. We
assume that the intermediary can enforce exclusivity, which means that an
agent who wants to trade in the market is unable to make use of the
intermediary at all. This assumption makes disintermediation less attractive
and hence produces a weaker constraint on the intermediary’s problem of
designing a risk smoothing scheme. We can show that even this weak
constraint on the intermediary is sufficient to rule out any welfare
improvement from intertemporal risk smoothing. Alternative (stronger)
specifications of the disintermediation constraint would only strengthen this

result.

The disintermediation constraint (DC), which ensures that people do not

abandon the risk sharing mechanism in the small country, can be stated as
follows. For any history yt-l - (yl,...,yt_l) it is necessary that

8[u(5;:)|yt‘1] 2 Max oy Elutx(@y, + m) |y© 1, (16)

where {E%} is the consumption sequence generated by the optimal policy. The
expression on the right is the maximum expected utility an agent born at date
t could obtain from trading on the open market. The expression on the left
is the expected utility offered by the risk sharing mechanism. The crucial
point is that both expressions are conditioned on all the information
available at date t-1. An agent makes his decision whether to join the risk

sharing mechanism after he has observed yt-l.

The possibility of disintermediation implies that an intermediated
financial system in a small open country does not allow any improvement in

average expected utility over that obtained by investors in global financial

markets.
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Proposition 4
If the policy {ﬁ;} is feasible and satisfies the disintermediation
constraint (15), then each agent is ex post no better off under [ﬁ%} than he

:Ei)

would be in the market equilibrium (Et’gt c

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 sum of the actual return and the reserves held by the intermediary so
that the consumption of each generation is:

E't - Min{8[§t],§t + E.ft_l} +e. (17)

If the reserves held by the intermediary are very low (close to zero), the
agent must be worse off than in the market equilibrium, because compared to
the equilibrium he loses the high returns when §t > €§t and still suffers the
probability of loss 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 most of the time, but occasionally a generation will be born when
reserves are low and that generation will be worse off ex post. If that
generation can opt out of the risk sharing mechanism, the whole scheme will
unravel, leaving us in the situation described by Proposition 4.

Propositions 1 and 3 imply that expected utility will be higher for
almost every generation in an intermediated econiomy than in a market-based
economy. Incomplete financial markets do not allow intertemporal smoothing,
while intermediaries 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 intermediaries, may have some advantages over
the U.S., which relies more on markets. However, Proposition 4 suggests that
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opening the German financial system to foreign competition, for example by
creating a single European market in financial services, could undermine the

potential for intertemporal smoothing.

7. Extensions and Other Applications

Our formal analysis has focussed on a simple overlapping generations
model. This benchmark is meant to illustrate the absence of intertemporal
smoothing that can result from incomplete markets and to show how an
intermediated financial system can eliminate the resulting inefficiencies.
It is important to stress that the overlapping generations structure is
chosen because of its tractability. We believe that there are many other
types of incompleteness that lead to the absence of intertemporal smoothing.
In this section we discuss some of these other types of incompleteness.
Intermediation is one way of providing intertemporal smoothing and in our
overlapping generations model is able to implement an optimal allocation. We
also discuss other ways of achieving intertemporal smoothing at the end of
the section.

A natural extension of our model is to the case where each generation
lives for more than two periods. In this case the opportunities for
intertemporal risk smoothing may be increased. For example, generations
whose prime 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 middle-aged and
old consume. Each period the young and middle aged will have a desire to
share their consumption risk in the next period when they are middle-aged and
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old, respectively. One form this risk sharing may take ig that in high
output states next period the then old will give consumption to the then
middle-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 sharipg
then individualized securities based on age, health and so on will be
necessary. The problems in implementing this type of contract such as
adverse selection, moral hazard and high transaction costs are well known.
In contrast, implementing intertemporal smoothing with an intermediary does
not face these difficulties. There is no need for the individualized
contracts necessary in financial markets and all the problems with these are
avoided.

The extension of the model from having generations with three-period
lives rather‘than two-period lives naturally raises the issue of what happens
when more periods are introduced. 1In addition to the risk sharing across
generations discussed above, this extension introduces the possibility of
self-insurance over time. The result that Schechtman (1976) proved shows
that with a long enough time horizon, individuals may be able to considerably
reduce risk on their own. Whether such self-insurance can be achieved in an
individual’s lifetime depends on a number of factors. In the first place, the
number of independent shocks may be small. We can think of the Great
Depression as being one shock and the boom in the 1950's and 1960's as
another. With this interpretation the number of periods each generation lives
through is small. In addition, there are life cycle considerations which may
prévent households from self-insuring. For example, the desire to purchase a
house and provide an education for their children means that many households
do not start saving for retirement until fairly late in life. For both these
reasons the possibilities for self-insurance are limited,

24



Finally, note that incomplete market participation will not be a
problem when agents have a bequest motive that causes successive generations
to act like a single iInfinitely-lived individual. However, since all the
empirical literature we know suggests that bequest motives are either
incomplete or absent, this is likely to remain a theoretical curiosity.3

We have so far limited our discussion of alternatives to the market to
intermediaries. Another important issue is the extent to which other
institutions can alleviate the effects of risk. Perhaps the most obvious
example of such an institution is the government. They could, for example,
provide intertemporal smoothing by investing in safe assets directly.
However, in recent years, responding to the argument that the private sector
i1s better able to make investment decisions, governments in a number of
countries have reduced their direct investment and have privatised their
existing holdings of assets. If there are government failures which limit
the effectiveness of govermments in investing directly, intermediaries may be
able to smooth risk more effectively,

Other methods of alleviating risk available to the government are
social security schemes and budget deficits. Pay-as-you-go social security
schemes and budget deficits are concerned with reallocations at a given point
in time. They are methods of sharing risks between and within generations;
they do not achieve intertemporal smoothing through asset accumulation.
Funded social security systems can provide intertemporal smoothing through
asset accumulation, but only if the fund is invested in real assets rather
than paper claims. The government may play an important role in this respect
if it is interested in the long-run welfare of its citizens. Similar

considerations apply to occupational pension schemes provided by industrial

groups or large employers.
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8. Conclusion

A number of European countries have apparently decided to encourage the
development of more sophisticated financial markets. In discussing French

financial reforms in the mid 1980's Melitz (1990) makes the following

observation.

As one contemplates the panoply of measures that took effect in France
from late 1984 to the end of 1986, there is no doubt that the changes were
inspired by a general vision. This was no mere lifting of controls: new
instruments were created; new markets were added, including markets in
futures; and the importance 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.

Although cross-sectional risk-sharing advantages may be gained as a result of
these reforms, intertemporal risk smoothing possibilities may also be lost.
The integration of the European Union, the desire of the U.S. to
liberalize trade in financial services, and the reconstruction of financial
systems in the former Soviet block, all make the trade-off between the two
types of risk sharing relevant from a policy perspective. Of 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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Appendix

Proof of Proposition 1

For any history yt = (yl,...,yt_l) 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:

El(PLyy - P * YV (Peyp ~ P+ Vg * e)|y"1 = 0. (18)

Let X and ¥ be random variables with joint probability distribution g. Then
the first order condition is a special case of the equation:

I(E + WX + 7 + e)dy = 0. (19)

The following lemma establishes an important inequality that must be

satisfied by any random variables satisfying this equation.

Lemma: Suppose that X and y are random variables satisfying
-e £ x < e and /A<y <A
with probability 1 and that w is a continuous, increasing function on

[0,2¢ + A]. Then there exist numbers ¢ > 0 and n > 0 independent of X and §

such that Prob[x < ¢] > n.

Proof:
0 = J(E + Y)W (X + 7 + e)du (20)
- Jgu'(g + ; + e)du + f§u'(§ + § + e)du
S - ~ -
= “min, )Q(de"u * U'ru.'a.xJ.x<0Xd"u * uminJ‘ydp’
where u . = u (2e + y) and u = u’ (0). Since the first expression is
min max

clearly non-negative, this implies that

u .
min .~ ~

"3 Ey 2 Ix<OXd“' (21)
max

For any number 0 < ¢ < e,

fx<0xdp 2 - ¢ u(0>x2 - ¢) - u(x < - ¢)e, (22)
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since x > - e. Then

pE< - 2e B e w0>E2 - ) 2 e (pe), (23)
u .
where g = umln A-l. Putting 5 = e-l(ﬂ - €¢) for some small value of ¢ > 0
max

completes the proof.l

Returning to the proof of the proposition, we can identify y with y and

t+l

Peyp - Py with X. Since the conditions of the lemma are evidently satisfied,
we can conclude that

Py - Py £ - € with probability »n,
where the numbers ¢ and 5 are the ones given in the lemma and are independent
of yt and of the equilibrium. In particular, with probability n > 0, p

<
t+1

e and Mmoo > 0, so repeating the same argument we can conclude that with
probability qz, Peyo - P < - 2¢. Continuing in this way, we can show that
with probability nk, Pesk - Pe < - ke, for every k such that t < T - k.
Since this argument must ultimately 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.l

Proof of Propogition 2

Consider the decision of the last generation who are young at date T-1.
Their decision is to maximize €T_lu(yTxT_1 + e - pT—lXT—l) subject to
Py ¥p_ 1 < €. The first-order condition for an optimum is

Bra¥ Uiy + e - Ppg%p )G - ppp) 20, (24)
with strict equality if Pr_q < e. Since Xpop = 1 in equilibrium and u is

strictly concave, the first-order condition uniquely determines the agent’s

portfolio and the equilibrium price and since [§t] is i.i.d. these values are
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independent of history. Using the same argument repeatedly shows that there
is a unique equilibrium in which the price P, at each date t is independent
of the history §t'

Now suppose that [5&] is a feasible policy that achieves a
Pareto-improvement compared to the equilibrium allocation. In order t@ﬁt
generation T-1 be no worse off, it must be the case that E&_l > b, = e -
Pr_1» for all possible histories §T-1' And if generation T-1 is better off
this inequality must be strict. The same argument can be repeated for each

for all t, with strict

preceding generation, so showing that ﬁ% e m_,
inequality for those generations who are actually better off. But this is

clearly not feasible, so we conclude that the equilibrium allocation is

strongly Pareto-efficient.l

Proof of Proposition 3

Consider the policy {ﬁt} defined as follows:

ao =0 (25)
c = Mln{@yt,mt 1Y) te
mt = mt_l + yt + e - Ct

Define a random variable Xt by putting Xt =1 if Et < €;t + e and Xt -0
otherwise. Shechtman (1976) has shown that 8[%zznl Xt] 50 as T > «», Then,
for any ¢ > 0,
#{05th|8xt >¢)/T>0as T > w. (26)
Consequently, for any ¢ > 0, there exists a T such that T > T implies that
#{0<t<T|8u(c ) > u(€§t +e) - €) > (1l - )T, (27)

as required.l
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Proof of Corollary 3.1

We begin by establishing the inequality (13). The sequence {§t} is
initially assumed to be i.i.d. Suppose that a policy {ﬁt} solves the problem

Max 8[Zz=1 A )] | (28)

s.t.c. =V +e+m
t = V¢

S

The first-order conditions for the choice of Et for this problem imply

Atu’(Et) = B, (29)

and for the choice of Et imply

Be 2 8t‘ut+1' (30)

where B is the Lagrange multiplier associated with the constraint and €t

denotes the expectation operator conditional on the information available at

date t. Suppose that [(it,ﬁt)}zzl is an attainable allocation with the

property that Et = 0 for every t. Recall that §t < A with probability 1.

Then

Atu’(e + yt) > QtAt+lu’(e + yt+1) (31)

for every realization of §t’ which implies that

At Qtu’(e + yt+1)

—_— 2

1
- = 3
L (32)

At+l u (e + A)

where p < 1 can be chosen independently of t because the process l§t} is
assumed 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 §t+l conditional on §t is

bounded away from 0. 1In that case, the ratio

Eouwle +y )

> 1 (33)
u (e + A)

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

p <1

It is clear that a sequence (At} satisfying (13) cannot satisfy the

30



uniform weighting property (12), and this proves that the the equilibrium
allocation is not uniformly Pareto-efficient. An alternative proof follows
from the fact that an almost uniform Pareto improvement is possible. Let
{Et} be the consumption sequence generated by the policy defined in the proof
of Proposition 3. Let n = u(€§t + e) - €u(§t + e) > 0. Then for any E,> 0
there exists a T such that T > T implies

HO<t<T|8u(c ) < Bu(y + e) + 5} < ¢T. (34)

For any B-uniform sequence [At}, where B 2 1 is fixed but arbitrary, and for

all T > T,
1T -~ 1T ~ -
th==1 Atg‘u(ct) 2 th=1lt(€’u(yt +e) + 1) - eBu(E;“yt + e) (35)

1-T ~ -1 ~
2 th=l Atgu(yt + e) + 5B - eBu(g‘yt + e)
1T ~
> th=l Atgu(yt + e)
for ¢ sufficiently small. This shows that the equilibrium allocation is not

uniformly 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

1 - ~
thgu(ct) > u(S’yt + e). (36)
For any feasible consumption sequence {E%},
1 -, 1~ (
ngt ulel) < gu(}:tfct) G7
< u(g):t%}:t)
= u(€§t + e).

Choosing At = 1 for every t,
1 ~ 1 -
TeztAtu(ct) = T8ztu(ct) (38)
= u(€§t + e),

which shows that the policy is B-uniformly undominated in the limic . JJ
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Proof of Proposition 4

Let {<Et’ﬁt’§t)} be the global equilibrium and {ﬁ;} the policy adopted by the
intermediary. Using the budget constraint of the buying generation e = 5t§t

+ ﬁt and the market-clearing condition it = 1 gives Bt = e - ﬁt. It follows

that the disintermediation constraint (DC) can be written

~ t-1 ~ ~ - t-1
Elue)|y 71 2 8luG, +m_ - m+e)|y T, (39)
for £t =1,...,T-1. 1In the last period T, e = 0 and E% = ﬁT =0 so Et = §T +
ﬁ%_l and in this case the DC reduces to
~ ~, T-1 ~ -~ T-1
Elutyy + mp )y 71 2 8lu@y + my ]y . (40)

Since ﬁ&_l and aT-l are functions of yT-l, this implies

My 2 By (61)
Suppose ﬁ%_k g aT-k for some k., Then

- ~, ~, T-k-1 ~ o~ ~ T-k-1
ST e 1 Bt Iy 2 BlaGy iy Ay e [y,
(42)
implies m&_k_lz My ko1° S° by induction
m, 2 m_ for 1,...,T-1. (43)

Since ﬁi 2 El’ if the initial old generation is not to be made worse off it

must be the case that ﬁi = ﬁl. Substituting this into the DC implies that m’

2
< EZ' Combining this with (43) implies ﬁé - Ez. By induction, we can show
that ﬁt - E; for all t = 1,...,T-1, so the DC is satisfied with equality in

all periods, which implies that no one is made better off ex post by the risk

sharing mechanism.]]
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Notes

1 See Allen and Gale (1995) .

For a further discussion of the is

sharing, the reader is referred to
there,

sues involved in intergenerational risk
Gale (1994) and the references cited

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