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Introduction

Financial crises have a long and varied history. The development of central
banking techniques preceded the advent of modern economic theory, so it is
not surprising that it relied more on empirical experience than on a micro-
economic theory. What is surprising is that contemporary policy making still
relies more on experience than theory. The Basel Accords, which impose
capital-adequacy requirements on the banking systems of signatory
countries, are a case in point. Practitioners have become expert at mastering
the details of a highly complex system for which there is no widely agreed
rationale grounded in economic theory. What is the optimal capital
structure? What market failure necessitates the imposition of capital-
adequacy requirements? Why can’t the market be left to determine the
appropriate level of capital? We do not find convincing answers to these
guestions in the theoretical literature.

In the literature on capital adequacy, it is often argued that capital-adequacy

requirements are necessary to control moral-hazard problems generated by
deposit insurance. Deposit insurance was introduced in the 1930s to prevent
bank runs or, more generally, financial instability. It is well known that
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deposit insurance encourages risk-shifting behaviour on the part of banks
(see, e.g., Merton (1977)). Risk shifting or asset substitution can be
controlled by requiring the shareholders to post a bond in the form of
adequate levels of bank capital. Thus, capital-adequacy requirements are
indirectly justified by the desire to prevent financial crises. A large literature
investigates the effect of capital-adequacy requirements on risk taking.
While the effect of capital-adequacy requirements is usually to decrease risk
taking, the reverse is also possible (see, e.g., Kim and Santomero (1988),
Furlong and Keeley (1989), Gennotte and Pyle (1991), Rochet (1992), and
Besanko and Kanatas (1996)).

An exception in the literature on capital-adequacy requirements is the paper
by Hellmann, Murdoch, and Stiglitz (1998). Rather than simply taking the
existence of deposit insurance as given, the authors examine what happens
in the absence of deposit insurance. Hellmann, Murdock, and Stiglitz (1998,
2000) develop a model that allows for the effect of both a higher charter
value and capital-adequacy requirements on risk-taking incentives. Controls
on deposit interest rates are necessary, in addition to capital-adequacy
requirements, to achieve a Pareto-efficient allocation of resources. These
interest rate controls increase charter value and provide an extra instrument
for controlling risk taking. A Pareto improvement is possible even in the
absence of deposit insurance.

It appears from this brief review of the literature that the justification for
capital-adequacy requirements is often found in the existence of deposit
insurance, but this begs an important question. One bad policy (deposit
insurance) does not justify another (capital-adequacy requirements). In the
absence of deposit insurance, one must find another reason why banks
cannot be left to choose their own capital levels.

Bank capital has two functions. One is to provide a buffer or cushion against
unexpected shocks. This is thek-sharing function of bank capital. The
other is to provide incentives for management to avoid taking excessive
risks. This is theincentive function of bank capital. These functions
provide a rationale for bank capital, but they do not necessarily provide a
rationale for regulation. As Gale (2003) points out, if banks can internalize
the costs and benefits of bank capital, the privately optimal capital structure
will coincide with the socially optimal level of capital. In fact, Gale provides

a model of the risk-sharing function of capital and shows that a laissez-faire
equilibrium, in which banks are left to choose their capital structure as they
see fit, is Pareto-efficient. To provide a welfare-improving role for regulation
of capital structure, we have to show that a bank’s choice of capital structure
creates @ecuniary externality that imposes welfare costs on other banks.
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In policy discussions, it is often assumed that financial fragility, the
possibility of one distressed bank infecting the others, provides the relevant
externality; but the story is more complicated than that. The failure of a bank
creates a pecuniary externality directly through its effect on creditors and
indirectly through its effect on asset prices. However, as is well known from
the fundamental theorems of welfare economics, pecuniary externalities do
not necessarily imply inefficiency. In a related series of papers, Allen and
Gale (1998, 2000b, 2004) have argued that, under certain conditions,
including complete markets for sharing risk, the incidence of financial crises
is socially optimal in a laissez-faire system. The conditions required are not
innocuous, but they at least provide a counter-example to the presumption
that regulation of capital adequacy is required. Perhaps more importantly,
they focus attention on the necessary conditions for welfare-improving
regulation: if markets for aggregate risks are incomplete, there is scope for
regulation to improve the allocation of risk bearing.

In a series of related papers, Allen and Gale (1998, 2000a—d, 2004) describe
a model that integrates intermediation and capital markets in a way that
proves useful for the analysis of asset-price volatility, liquidity provision,
financial crises, and related issues. The model can be briefly described as
follows. There are two types of assets in the economy: short-term assets that
yield an immediate but low return, and long-term assets that yield a higher
but delayed return. Risk-averse individuals want to invest to provide for
future consumption. However, they are uncertain about their preferences
regarding the timing of consumption. If they invest in the long-term asset,
they earn a high return, but it may not be available when they want to
consume it. If they invest in the short-term asset, they have the certainty that
it will be available when they want it, but they have to forego the higher
return of the long-term asset. In short, there is a trade-off between liquidity
and rate of return.

Banks are modelled as institutions that provide an optimal combination of
liquidity and return. In this respect, we are simply following Diamond and
Dybvig (1983) and a host of other writers; see, e.g., Chari and Jagannathan
(1988), Jacklin and Bhattacharya (1988), Postlewaite and Vives (1987), and
Wallace (1988, 1990). Banks take deposits from consumers and invest them
in a portfolio of long- and short-term assets. In exchange, the bank gives the
individual a deposit contract, that is, an option to withdraw from the bank.
The amount withdrawn depends on the date at which the option is exercised,
but for a given date, liquidity is guaranteed. By pooling independent risks,
the bank is able to provide a better combination of liquidity and return than
an individual could achieve alone. The aggregate demand for liquidity is less
volatile than individual risks, so the bank can guarantee the same degree of
liquidity while investing a smaller fraction of the portfolio in short-term
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assets, thus giving the depositor the benefit of the higher returns from the
long-term assets.

Bank behaviour can be represented as the solution of an optimal contracting
problem. Banks compete for customers by offering combinations of a
portfolio and a deposit contract. Free entry into the banking sector
guarantees that banks will earn zero profit in equilibrium and will offer the
combination of portfolio and contract that maximizes the depositors’
expected utility. Otherwise, another bank could enter, offer a more attractive
contract, and take away the first bank’s customers.

Risk can take the form of shocks to asset returns or the demand for liquidity.
In this paper, we focus on liquidity shocks. These shocks provide a role for
financial markets. Specifically, we introduce markets for securities that
allow banks to insure against aggregate shocks. We also introduce markets
on which banks can buy and sell the long-term assets in order to obtain or
provide liquidity.

The introduction of these two types of markets has important implications
for the welfare properties of the model. First, the existence of markets on
which assets can be liquidated ensures that bankruptcy involves no
inefficiency ex post. Fire-sale prices transfer value to the buyer but do not
constitute a deadweight loss. Second, ex ante risk sharing is optimal if there
Is a complete set of Arrow securities for insuring against aggregate shocks.

For a long time, policy-makers have considered it axiomatic that crises are
best avoided. By contrast, in the present framework, with complete markets,
a laissez-faire financial system achieves the constrained-efficient allocation
of risk and resources. When banks are restricted to using non-contingent
deposit contracts, default introduces a degree of contingency that may be
desirable from the point of view of optimal risk sharing. Far from being best
avoided, financial crises can actually becessaryto achieve constrained
efficiency. By contrast, avoiding default is costly. It requires either holding a
very safe and liquid portfolio and earning lower returns, or reducing the
liquidity promised to the depositors. In any case, the bank optimally weighs
the costs and benefits and chooses the efficient level of default in
equilibrium.

The important point is that avoidance of crises should not be taken as
axiomatic. If regulation is required to minimize or obviate the costs of
financial crises, it needs to be justified by a microeconomic welfare analysis
based on standard assumptions. Furthermore, the form of the intervention
should be derived from microeconomic principles. After all, financial
institutions and financial markets exist to facilitate the efficient allocation of
risks and resources. A policy that aims to prevent financial crises has an
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impact on the normal functioning of the financial system. Any government

intervention may impose deadweight costs by distorting the normal

functioning of the system. One of the advantages of a microeconomic
analysis of financial crises is that it clarifies the costs associated with these
distortions.

The model described so far has no role for capital. Banks are like mutual
companies, operated for the benefit of their depositors, with no investment
provided and no return received by the entrepreneurs who set them up. We
can add capital to the model by assuming the existence of a class of risk-
neutral investors who are willing to invest in the bank in return for an equity
share. These investors are assumed to have a fixed opportunity cost of
capital, determined by the best investment returns available to them outside
the banking sector. We assume this return is at least as great as the return on
the long-term asset. These investors can also speculate on the short- and
long-term assets, for example, holding the short-term asset in order to buy
up the long-term asset at a fire-sale price in the event of a default. This kind
of speculation provides liquidity. It is superfluous in the case of complete
Arrow securities, but plays an essential role in equilibrium with incomplete
markets.

In the sections that follow, we illustrate the general approach of Allen and
Gale and apply it to the question of optimal capital structure. We begin by
setting out a benchmark model in which markets for aggregate risk are
assumed to be complete. Under standard assumptions, analogous to the
conditions of the Fundamental Theorems of Welfare Economics, we can
show that the laissez-faire equilibrium of this economy is Pareto-efficient.

To provide a rationale for intermediation, we asssume incomplete
participation in markets for contingent commodities: more precisely,
consumers are excluded from participating directly in the markets for
contingent commodities and are forced to use intermediaries to access those
markets. Intermediaries are modelled as risk-sharing co-operatives that offer
incentive-compatible risk-sharing contracts to consumers and use markets to
lay off some of the risk. We show that, just as in the previous model, the
laissez-faire allocation is Pareto-efficient. We also show that the optimal
capital structure of the intermediaries is indeterminate: complete markets
provide a perfect substitute for capital. This is just a version of the
Modigliani-Miller theorem: capital structure is irrelevant when markets are
complete.

Turning to the case of incomplete markets, we show that capital structure is

determinate but may still be optimal if the missing markets can be replaced

by capital. In other words, incompleteness does not necessarily give rise to a
welfare-relevant pecuniary externality. However, if a welfare-relevant
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pecuniary externality does exist, the privately optimal equilibrium capital
structure is determinate and differs from the socially optimal capital
structure. In this case, there is a clear role for regulation, subject to the usual
caveat that the policy-maker may need a lot of information to implement the
optimal policy. However, even if the capital structure chosen in equilibrium
is inefficient, it does not follow that minimum capital requirements will
improve matters: there may be too much or too little capital in equilibrium.

The rest of the paper is organized as follows. Section 1 presents the basic
model. Section 2 defines an Arrow-Debreu economy with complete markets
and the corresponding equilibrium. The efficiency of the Arrow-Debreu
equilibrium is discussed in section 3. Section 4 introduces intermediaries
and discusses the irrelevance of capital structure in the Arrow-Debreu
economy. In section 5, we abandon the Arrow-Debreu assumption of
complete markets and show that capital structure is now determinate. The
privately optimal capital structure is still socially optimal, however, so again
there is no rationale for policy interventions such as capital regulation. To
provide a rationale for policy intervention, we introduce heterogeneity
among financial institutions in section 6. Efficiency requires cross-sectional
risk sharing, in which institutions insure each other against liquidity shocks;
but this cannot be achieved without complete markets. The laissez-faire
equilibrium is now inefficient, so, in principle, some policy intervention may
be justified. However, the optimal policy need not take the form of imposing
minimum capital requirements.

1 A Model of Risk

As a vehicle for our analysis, we use a variant of the model found in Gale
(2003). Time is divided into three periods or dates denoted byO, 1, 2

At each date, there is a single, all-purpose good that can be used for
consumption or for investment. There are two assets, a short-term asset that
matures after one period and a long-term asset that matures after two
periods.

* Theshort-term assetis represented by a storage technology: one unit of
the good invested at date O yields one unit at date 1.

* The long-term assetis represented by a constant-returns-to-scale
investment technology: one unit invested at date O yi&dsl units at
date 2 (and nothing at date 1).

In choosing the optimal combination of the two assets, there is a trade-off
between liquidity and the rate of return. The short-term asset provides
greater liquidity (immediate access to returns), but the long-term asset
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provides a higher return per unit invested. These properties play a critical
role when markets are incomplete.

The economic agents in this economy are divided into two groups: risk-
averse consumers who provide a demand for liquidity and risk-neutral
investors who supply the capital. There is a continuum of identical, risk-
neutral investors with unit mass. Although investors are risk-neutral, we
assume that their consumption must be non-negative at each date.
Otherwise, it is impossible to make sense of limited liquidity. The investor’s
utility function is defined by

U(Cp, C1, Cp) = PCy+ Cy + €y,

wherec, >0 denotes the investor’'s consumption at date 0, 1, 2 . The
constantp >R represents the investor's opportunity cost of funds. An
investor’'s endowment consists of a large (unbounded) amount of the good at
date 0 and nothing at dates 1 and 2.

There is a continuum of identical, risk-averse consumers with unit mass.
Each consumer has an endowment of one unit of the good at date 0 and
nothing at dates 1 and 2. At date 1, each consumer receives a preference
shock: with probability\ , the consumer becomeseany consumer who

only values consumption at date 1, and with probability A , the consumer
becomes date consumer who only values consumption at date 2. A
consumer’s period utility functionU : R, - R is twice continuously
differentiable and satisfies the usual neo-classical properties,

U'(€) >0, U"(€) <0, limU'(c) = o.
C\

The consumer’s risk aversion, together with uncertainty about the preference
shock (early or late), creates a demand for insurance. By pooling these risks,
it is possible to provide liquidity to consumers at date 1 while holding a
smaller amount of the short asset.

Since investors are risk-neutral, there is an opportunity to share risk with the
consumers. However, since investors have no endowments dt date 2 :
and since consumption must be non-negative, they can only share risk by
turning their endowment at date O into assets that yield returns at date
t = 1, 2. Investor preference for immediate consumption means that risk
sharing is costly: a consumer will have to pay a premium that covers the
investor's opportunity cosp . The form that this risk sharing takes will
depend critically on the markets available and the presence or absence of
intermediaries.
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We assume that the fraction of early consumers is equal to the probability
that an individual agent turns out to be an early consumer. The probability

Is a random variable with a continuous density functidi) with support
[Ag Aq]. All uncertainty is resolved at the beginning of date 1, when the
state of nature\ is observed and each agent discovers whether he or she is
an early or late consumer.

There are two types of risk sharing in this economy. The consumers are
ex ante identical and receive preference shocks that are independent
conditional on the state, so there is scopeifdertemporal smoothing of
consumption: consumers decide ex ante how the total consumption available
will be divided between early and late consumers in order to maximize their
ex ante expected utility. Similarly, consumers and investors can share risk
across states investors agree to decrease their consumption when the
consumers’ marginal utility of consumption is high and increase it when the
consumers’ marginal utility of consumption is low.

Since neither consumers nor investors have an initial endowment of goods at
dates 1 and 2, future consumption is provided by holding quantities of the

short- and long-term assets. The equilibrium allocation of risk- and asset-

holding depends on the available markets. In the following sections, we

introduce a sequence of different market structures and characterize the
corresponding allocation of risk and asset holding.

2 Equilibrium with Complete Markets

We begin by describing aArrow-Debreu economy, in which the optimal
allocation of risk bearing can be achieved by trading a complete set of
contingent commodities. Commodities are distinguished by their delivery
date and the state of nature on which delivery is contingent. The state of
nature is identified with the fractioh  of early consumers. Commodities are
distinguished by the date and state in which they are delivered, so there is a
single commodity, the good for immediate delivery, at the first date, and
there is a contingent commodity corresponding to each ftate and each
datet = 1, 2. Taking the good at date O as the numeraire, we denote by
g.(A) the price of the contingent commodity in stale  at dgtdor

t = 1, 2. A price systemis denoted by the ordered paiy = (0;,0,)
whereq, : [Ag, A\] - R, fort = 1,2,

In equilibrium, the profits from holding assets will be zero, so it is
immaterial who actually holds the assets. Without loss of generality, we can
assume that assets are held by a notional profit-maximizing producer. The
actual quantities of the two assets held in equilibrium will be determined by
the market-clearing conditions.
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The ability to invest in the short- and the long-term assets gives rise to a
production technology that can be represented by a productiolf set

A production plan is an ordered tripley = (Yg, Y1, Yo)  such thgy=0
andy, : [AgA] - R, fort = 1,2. A production plary = (Yy, Y1, Y>)
belongs toY if it satisfies the following conditions, for sof& 6 <y, and
anyA :

y;(A)<8
and
y1(A) +Y,(A) <6+ (yo—-0)R.

Here, y, is the input into the production process at date 0. The producer
divides the inputy, at date O into an investmenBof units in the short-term
asset and an investmentyf—6  units in the long-term asset. This portfolio
yields 8 units of the good at date 1 (this is the return on the short-term asset)
and(yy,—06)R units of the good at date 2 (this is the return on the long-term
asset). The first inequality above says that the output at date 1 must be less
than or equal tdd . The excess-y;(A) is stored until date 2, when the
output must be less than or equal tg,—-6)R+06-y,(A) . This is the
meaning of the second inequality.

The value of a production plan is given by
E[- Yo+ a;(A)ys(A) +a(A)y,(A)].

Because the investment technology exhibits constant returns to scale, the
value of any production plan must be non-positive in equilibrium. ¢for  to
be an equilibrium price system, it must satisfy the following no-arbitrage
conditions. First, there is no profit from investing one unit in the short-term
asset at date 0 and holding it until date 1. This implies that

E[q;(M]=1, (1)

with equality if there is positive investment in the short-term asset. Second,
there is no profit from investing one unit in the long-term asset at date 0 and
holding it until date 2. This implies that

E[g,(MR] =1, (2)

with equality if there is positive investment in the long-term asset. Third,
there is no profit from purchasing one unit of the good at date 1 in &tate
and storing it until date 2. This implies that we must have
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a;(A) 2 q,(A) (3)

for every A , with equality if there is storage between date 1 and date 2 in
state A . A price system is calleadmissible if it satisfies the conditions

(1) -).

Let e, denote the investor’s supply of capital at date 0 analet) denote
the investor's consumption at daté = 1,2 in stake . Then, a
consumption plan for the representative investor is an ordered triple
e = (e,€.,6),suchthaie,=0 and, : [Ay, A;] - R, . Similarly, we let

c = (¢, c,) denote the representative consumes@nsumption plan
wherec, : [Ag, A1] - R, fort = 1, 2. The sets of consumption plans for
investors and consumers are denoteé byndC, respectively.

An allocation consists of a production plan] Y , a consumption péor
the investor, and a consumption planfor the consumer. An allocation
(c, & y) isattainable if

1+ey =Yy, (4)
Acy(A) +e,(A) = y,(A), O, (5)
(1=A)Cy(A) +e5(A) = y,(A), OA. (6)

The first market-clearing condition (4) says that, at date 0, the consumers’
endowment plus the amount supplied by investgys  is equal to the amount
invested in the two assets. The second market-clearing condition (5) says
that, at date 1 in statd , the consumption of the early consuh®IS\)

plus the investors’ consumptioe,(A) is equal to the amowpfA)
supplied by the producer. The third market-clearing condition (6) says that,
at date 2 in statd. , the consumption of the late consurfiersi)c,(A)

plus the investors’ consumptiog,(A) is equal to the amoymntA)
supplied by the producer.

Given an admissible price system, the decision problem of consumers is to
choose(c,, c,) UC to

max E[AU(c,(A)) + (1 =A)U(c,y(N))]

(7)

s.t.  E[Agi(A)cy(A) + (1=A)ag,(A)cy(A)] = 1.
Note that the budget constraint is written as an expected value. Multiplying
the values in a particular state by the probabilityA) is just a (non-
essential) normalization. The consumer only pays for the expected value of
the goods consumed at each date: in the aggregate, there is no uncertainty
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about the number of early consumers in state , so the pricing is risk-
neutral. Note that the choices of consumers do not need to satisfy an
incentive constraint.

Consumer demand is automatically incentive-compatible in equilibrium,
because the restrictiony (A) > q,(A) implies that(A) <c,(A) , so a late
consumer has no incentive to pretend to be an early consumer.

Similarly, the decision problem of investors is to choose a consumption plan
(e €1, 8) UE toO

max E[—pey + e;(A) +e,(A)]

(8)

s.t. E[-e+0gi(A)ej(A) +a,(A)ey(A)] = 0.
Again, without loss of generality, the budget constraint can be written in
terms of expected values.

A competitive equilibrium for this Arrow-Debreu economy consists of an
admissible price systempand an attainable allocatidft, € y) , such tlkat
ande solve the decision problems (7) and (8) for the consumer and investor,
respectively, at the prevailing price systgm

3 Optimal Risk Sharing

The First Fundamental Theorem of Welfare Economics asserts that every
competitive equilibrium is Pareto-efficient.

Theorem 1.1f (c, & y p is a Walrasian equilibrium of the Arrow-Debreu
economy, the allocatiofc, € y) is Pareto-efficient.

From the definition of Pareto efficiency, it is clear that the allocation
(c, e y) is Pareto-efficient only if it maximizes the expected utility of the
consumers, subject to a constraint on the investors’ expected utility and the
attainability conditions. In other words, we can characterize the optimal
risk-sharing scheme as the solution to a planning problem. In equilibrium,
investors earn zero profit, so their participation constraint is

E[—pey+e(A) +e,(A)] 0.

Using the attainability conditions, we can rewrite the participation constraint
equivalently as

0+ (ey+ 1—B)R— E[Acy(A) + (1=A)c,(A)] = pey,
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and the attainability conditions are given by equations (4) to (6). So, the
planner’s problem can be written as follows:

max E[AU(c;(A)) + (1 -A)U(c,(A))]
st. 0s6<sl+eg
Acy(A) +e (M) <6, 9)
ACi(A) +(1=A)Cy(A) +e;(A) +e,(A) <8+ (gg+ 1-0O)R,
0+ (ey+1-0)R—E[AC (A) +(1-A)c,(A)] = pe,,.
Theorem 2.1If (c, & y, g is an equilibrium of the Arrow-Debreu economy,
then(c, e 8) is a solution to the decision problem (9).

The form of the optimal risk-sharing arrangement between consumers and
investors is given by the following result.

Theorem 3.If (c, e 0) is a solution to the decision problem (9), the optimal
consumption allocation is characterized by the parameters,, d)

1+e,-06
C,(A) = min E]d,maxE]B+(1+eo_e)R,—0)\%,
O O 1-N 0

c1(A) = min %,6+(1+e0—6)RE.
O

Proof. The first-order conditions for the consumer’s problem are

U'(cy(A)) = Hay(A) (10)
and
U'(cx(A)) = Hay(A) (11)
for all values ofA . For the investor’s problem, the first-order conditions are
1<60a;(A),
1<6g,(A),
and

p<9,
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with equality holding if the investor's consumptiog(A) or supply of
capital g, is positive. In what follows, we assuneg>0 . Otherwise, the
theorem is trivial.

To characterize the efficient risk-sharing scheme, we consider two cases. In
the first caseq,(A) = g,(A) and, in the secogg(A) > g,(A)

Case 1:9,(A) = q,(A). ThenU'(cy(A)) = U'(cy(A)) implies that
Ci(A) = c,(A) <6+ (1+ey—6)R.

The inequality follows from the attainability condition. The first-order
conditions imply thatc,(A) and,(A) are independent)f as long as

a1 (A) = ax(A).

Case 2. q;(A)>q,(A). Then 1<pqg,(A)<pg,(A) Iimplies that
e;(A) = 0,s0

cah) =
and
(1-A)cy,(A) s (1+e,—-0)R.
There are two subcases to be consideregglf(A) > 1 , then the inequality

is strict, and if pg,(A) = 1, thency,(A) = @(u/p) , wherep(-) is the
inverse ofU’(-) . Call thigl. Theng,(A) >q,(A) implies that

.0 (1+e,—-0)RO
CZ()\) = mln%ﬂ,—T-'}\--—D.

To complete the proof, we have to show thit 6 + (1 +e,—6)R . If this
were not so, a reduction ia; and a corresponding reductioh in  would
increase consumption at every point. This is because every unit of capital
costsp in expected returns and can yield at nosthen invested in assets.
The difference comes out of consumption. The fact that
d=0+(1+e,—0)R implies that c;(A) = c,(A) = 6+(1+e,—-0)R
whenq;(A) = g,(A) ,i.e.e;(A) = e,(A) = 0 . This completes the proof.

4 Intermediation and Capital Structure

In an economy with complete markets, individuals can achieve efficient risk
sharing without the intervention of intermediaries. To provide a role for
intermediaries, we assumacomplete participation; that is, individual
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consumers cannot participate in markets for contingent commaodities, but
intermediaries and investors can. To provide for future consumption, a
consumer deposits his endowment of one unit of the good at date O with an
intermediary in exchange for a promise to provide an early consumer with
c,(A) units of consumption at date 1 in state  and a late consumer with
C,(A) units of consumption at date 2 in state . The intermediary can also
raisee, units of capital at date 0 in return for the promise to pay dividends
equal toe;(A) units of consumption at date 1 in state  ay@) units of

consumption at date 2 in state

An allocation for the intermediated economy consists of a risk-sharing
contract(c, €) proposed by the representative intermediary, a consumption
plan f for the representative investor, and a production pjan Y . An
allocation(c, g f, y) isattainable if

l+ey+fy =y,
Acy (M) + e (A) + F1(A) = yy(A), DA,
(L=A)Cy(A) +e5(A) + T5(A) = y,(A), OA.

Free entry will ensure zero profits in intermediation, and competition among
intermediaries forces them to maximize the expected utility of the depositor,
subject to the participation constraint of investors. Given the equilibrium
pricesq, the intermediary will chooseande to solve the following decision
problem:

max E[AU(c;(A)) + (1 =A)U(c,(MN))]

st E[q;(N{Ac;(A) + ey (M)} +6p(N)
{L-Ney(N) +e,(\)}] <1 +eg
E[-pey+e,(A) +&,(\)] 2 0.

(12)

If g is an equilibrium price system, then
E[-pey+e(A) +e,(A)] =0
implies that
E[0,(A)ey(A) +ax(A)ex(A)] 2 e,
S0 a solution to the intermediary’s decision problem must satisfy

E[-pey+te(A) +e,(A)] =0
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and
E[g;(A)ey(A) +a,(A)ey(A)] = e.

Thus, the intermediary’s problem is equivalent to

max E[AU(c (A)) + (1=A)U(c,(M))]
st E[q(A\)Ac; (M) + g\ (1=A)C,(M)] = 1,

which is the individual’s problem in the complete-markets equilibrium with-
out intermediation.

The representative investor talesas given and chooséto solve

max E[—pfq+ f1(A) + F,(A)]

(13)

st. E[-fo+ay(A)fy(A) +g,(A)f,(A)] 0.
An equilibrium of the intermediated economy consists of an attainable
allocation (c, ¢ f, y) and an admissible price systgmsuch that(c, €)
solves problem (12) arfdsolves problem (13).

The following Modigliani-Miller-style result tells us that capital structure is
irrelevant in an equilibrium with complete markets.

Theorem 4. Let (c, e f, ¥y @ be an equilibrium of the intermediated
economy. Forang and suchthatf = e+ f add ahd solve the
problem (13),(c, &f,y, q) is an equilibrium, and the expected utilities of
investors and consumers, respectively, are identical in the two equilibria

Proof. Clearly, (c, &f,y) is_attainable, since the attainability conditions
depend only on the surd+f . By assumption, satisfies the investor's
decision problem (13), andc, €  solves the intermediary’s decision
problem (12), because = e+ (f— f)  minimizes the cost of satisfying the
investor’s participation constraint.

Note that an equilibrium(c, e y, 9 of the Arrow-Debreu economy is
iIsomorphic to an equilibrium of the intermediated economy of the form
(c, & 0,v, q). This implies that any equilibrium is Pareto-efficient.

5 Equilibrium with Incomplete Markets

We have shown that bank capital is redundant when markets are complete:
market trades are a perfect substitute for optimal capital structure. The
optimal capital structure is indeterminate and includes the case where there
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Is no external capital at all. In particular, since the equilibrium is Pareto-
efficient, there is no rationale for capital regulation.

The assumption of complete markets is unrealistic, of course. It is the
absence of complete markets that provides an essential role for bank capital.
So, to understand the importance of capital, we need to study an economy
with incomplete markets. For concreteness, suppose there are no markets for
contingent commodities at date 0. The only markets that exist are spot
markets for goods and assets. Specifically, at date 1, it is possible to sell the
long-term asset. Formally, we model this by assuming there is a market at
date 1 for goods delivered at date 2, but this is equivalent to a spot market for
the long-term asset. This market structure is quite special, but it simplifies
the analysis and allows us to make the essential points about the factors that
determine the optimal capital structure and the efficiency of risk sharing in
equilibrium.

We continue to assume that consumers have no access to capital markets and
must use intermediaries to provide for future consumption. As before, a
consumer deposits his or her endowment of one unit of the good at date 0
with an intermediary in exchange for a promise to provide an early
consumer withc,(A) units of consumption at date 1 in state  and a late
consumer withc,(A) units of consumption at date 2 in state . The
intermediary can also raise, units of capital at date O in return for the
promise to pay dividends equal &(A)  units of consumption at date 1 in
stateA ande,(A) units of consumption at date 2 in state

When markets are complete, it does not matter who holds the assets, and we
can assume that all assets are held by an anonymous firm and that investors,
intermediaries, and consumers use complete markets to allocate consump-
tion across states and dates. This is a corollary of the Modigliani-Miller
theorem. By contrast, when markets are incomplete, holding assets is an
essential way of hedging risk and redistributing consumption across states.

At the first date, the representative intermediary receives one unit of the
good as a deposit from each consumer axRd units of capital from
investors. In exchange, it promises consumption p(@gsc,) (end,)

to the consumers and investors, respectively. Because there are no markets
for future contingent commaodities, the only way for the intermediary to
provide consumption in the future is to invest the funds it has received in a
portfolio of the short- and long-term assets. The intermediary’s investment
strategy can be represented by a production glahyY . Corresponding to
any production plary is a portfolio consisting o® units of the long-term
asset and + e;—06 units of the long-term asset at date 0 and a decision to
store goods at date 1. There is no loss of generality in assuming that



Notes on Optimal Capital Regulation 241

individual consumers hold no assets. Whatever the individual can do can be
replicated by the intermediary.

We can assume without loss of generality that the role of investors is simply
to provide capital to the intermediary through the contect (g, e, €,)

While it is feasible for the investors to invest in assets at date 0 and trade
them at date 1, it can never be profitable for them to do so in equilibrium.
More precisely, the no-arbitrage conditions ensure that profits from trading
assets are zero or negative at any admissible prices and the investors’
preferences for consumption at date 0 imply that the investors will never
want to invest in assets at date O and consume the returns at dates 1 and 2.

An allocation is an array(c, € y) , where is the consumption plan for
consumerse is the capital structure (i.e., the investment and consumption
plan for investors), ang is the intermediary’s production plan. The alloca-
tion (c, g y) isattainable if

1+ey = Yy,
Ac (A) +e,(A) = yy(A), DA,
(1=A)cy(M) + &,(A) = y,(A), OA.

Let p(A) denote the price of the good at date 2 in terms of the good at date
1. The long-term asset will be held between date 1 and date 2 only if
p(A) <1 and the short-term asset will be held between date 1 and date 2
only if p(A) = 1. A price systenp is admissiblefor an allocation in which
0<B<l+egif

p(\) <1

for all A and p(A) = 1 if Acy(A)+e(A)<6. This condition is the
analogue of the condition thag (A) = q,(A) foral inthe Arrow-Debreu
equilibrium.

Since the intermediary cannot hedge against preference shocks by trading
contingent commodities, it must satisfy a budget constraint in each state
at date 1:

(Acy(A) + €, (A)) + p(A)((1=A)Cy(A) + €,(A)) < y1(A) + P(A)y,(A).

The left-hand side is the present value of consumption promised to
consumers and investors, and the right-hand side is the present value of the
intermediary’s portfolio.
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An intermediated equilibrium for the incomplete markets economy
consists of an attainable allocatido, e ) and an admissible price system
p, such tha(c, ¢ y) solves the intermediary’s decision problem:
max E[AU(c (A)) + (1 -A)U(c,(A))]
S.t. Acy(A) + e (A) + p(A){ (X —A)c,(A)
+e,(A)} sy, (A) + p(A)y,(A), DA,
E[-pey+e(A) +e,(A)] =0.
Theorem 5. Suppose thafct el] yi gb)) is an equilibrium of the Arrow-
Debreu economy and defipe] by putting
0(A)
ay(A)

for any A . Then(cl ell ytl gb) is an intermediated equilibrium of the
economy with incomplete markets.

pL(A) =

Proof. It is sufficient to show thafcl) el] yi)  solves the intermediary’s
problem at the defined pricgg! . It is easy to check that, if an allocation
(c, e y) satisfies the constraints of the intermediary’s problem, then the
consumption plarc satisfies the constraints for the consumer’s problem in
the Arrow-Debreu equilibrium. Thus, the intermediary cannot do better than
choose(cl] el yD)) .

In effect, the intermediary is replacing the missing markets. There is no need
for trade among intermediaries, because they are assumed to be identical:
each intermediary is a microcosm of the whole economy. The representative
intermediary internalizes all the necessary trades between investors and
consumers. It provides a risk-sharing contract for consumers, whereby early
and late consumers optimally smooth consumption over time, and it
provides a risk-sharing contract with investors, whereby the optimal capital
structure (e,, €;,€,) shares risk across states between investors and
consumers. Implicit in the contrage,, e;,e,) is a premium paid to the
investors for delaying their consumption. So, in spite of the missing markets,
the laissez-faire equilibrium is still the first best.

Because the first best is achieved (i.e., all marginal rates of substitution are
equalized), pecuniary externalities have no impact on efficiency. However,
the absence of markets for sharing risk means that capital plays an essential
role in achieving optimal risk sharingn this equilibrium, the capital
structure is determinate, and the Modigliani-Miller theorem no longer
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holds The importance of incomplete markets is that they provide an
essential role for bank capital in achieving optimal risk sharing.

6 Incomplete Markets and
Heterogeneous Intermediaries

The equilibrium with incomplete markets (examined in the previous section)

is efficient, because each intermediary is assumed to have a representative
sample of the consumers in the economy. Since the intermediaries are
identical, there are no gains from trade among them. An intermediary
combining capital and deposits in the optimal proportions can behave like a
central planner. To provide an essential role for markets, there must be gains
from trade among intermediaries, and this can only come from
heterogeneityamong intermediaries.

As a practical matter, intermediaries are quite likely to be heterogeneous,
and markets will provide an important channel for them to share risk. For
example, suppose that intermediaries draw their depositors from distinct
locations and that the consumers’ types are correlated at any location. Then
the fraction of early consumers will vary from location to location in a given
state. If the state i3\ , the proportion of early consumers in locatisn
denoted byA +¢; , wherg; is a random variable with mean zere; If s
I.i.d. across locations and there are a large number of locations, the ex ante
probability of being an early consumer in any location and the average
proportion of early consumers in the entire economy are both equal to the
expected value ofA+g , which isA . Since intermediaries are
heterogeneous ex post, there are gains from trade at date 1: intermediaries
whose depositors are mainly early consumers will want to sell the long-term
asset to get liquidity, while intermediaries whose depositors are mainly late
consumers will use their liquidity to purchase the long-term asset.

Here we want to illustrate the importance of missing markets in the simplest
possible way, and we can do this by assuming that heterogeneity among
intermediaries takes a very special form. Specifically, we assume that, in any
state, an intermediary’s customers are either all early consumers or all late
consumers. If the state i3 , this means that a fraction of the
intermediaries consists entirely of early consumers and a fradtieis
consists entirely of late consumers. Since intermediaries are identical
ex ante, the probability that an intermediary consists entirely of early
consumers is equal ®© when the stat® is

When intermediaries are heterogeneous, the definition of equilibrium with
incomplete markets has to be revised in two respects. First, the payment to
investors will, in principle, be contingent on the realization of the
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intermediary’s type (i.e., whether the consumers are early or late). Without
loss of generality, we can assume that the investors are paid only at date 2
(this follows the fact thap(A) <1 in equilibrium, so consumption at date 2

is cheaper than consumption at date 1) anaJéx) denote the payment to
the investors when the intermediary’s type is= 1,2 . Second, the
intermediary’s budget constraint will depend on the realization of its type. If
the intermediary is of typg it offers consumers,(A) units of consumption

at datet and investorse(A) units of consumption at date 2. The present
value of consumption is c;(A) + p(A)e(A) if t=1 and
P(A)(c,(A) +e,(A)) if t = 2. Substituting these expressions on the left-
hand side yields the appropriate budget constraint in each 5)ate

An equilibrium for this economy consists of an attainable allocation
(c, & y) and an admissible price functign such that(c, e y) solves the
decision problem
max E[AU(c(A)) + (1 =A)U(c,(AN))]
st C(A) + p(\)ey(A) < y3(A) + p(A)Y,(A), DA,
P(A)(Co(A) +x(A)) < y1(A) + P(A)y,(A), TA,
E[Ae;(A) + (1-AN)ey(A)] = pe,.

6.1 The inefficiency of risk sharing

Suppose that the intermediary chooses a portf@id. + e, —0) . The value
of the intermediary’s portfolio is

wi(A)=6+p(A)(1+e—-0)R
at date 1, and
W,(A)=0/p(A) +(1+e,—-0)R

at date 2.

Theorem 6.If (c, e ¥, p is an intermediated equilibrium of the economy
with incomplete markets and heterogeneous intermediaries, then for some
constant d, the optimal consumption allocation is

Cy(A) = min{w,(A), d}, OA,

and
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0 0
c.(\) = minfw, (M), oEE—-05 oa

whereU'(@(1/ p(A))) =/ p(A) andi>0 .

To simplify the comparison of the incomplete-markets equilibrium with the
first best, we assume that

wy(A) < (pEb()\)D CA .

Then the decision problem faced by the intermediary is to maximize the
consumers’ expected utility

E[AU (W (A)) + (1=A)U(min{w,(A), d})],
subject to the constraints

0<0<1+eg,
and

E[(1-))(max{ w,(A) —d, 0})] = pe,.

The equilibrium price function is given by

(1-\)6 O
1+e,-0)RE

O
p(A) = mle ma>%>\
(
The value of the intermediary’s portfolio is

wi(A) = 0+p(A)(1+e—-0)R = minEﬁ+(1+e0—6)R,
[

>
[

at date 1, and

(1+e,—0)R[

W,(A) = 8/p(A) +(gg+1-0)R = maxEB+(1+e0—e)R, 0
0 (1=-2) ¢

at date 2. Substituting these expressions into the objective function, we get
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[l
AU [minEB+ (1+e-0)R,
O O

oeg
T

(1+ey—-6)ROD

(1—)\)UEminEd,maxEB+(1+eo—9)R, T
0 O 0 (1-2) o

A central planner, subject to the same constraints (incomplete markets) as
the intermediaries but able to control the aggregate level of capital and
investment in liquid assets would maximize the expected value of this
objective subject to the constraints above. The difference between these two
maximization problems captures the pecuniary externality that causes the
constrained inefficiency of the equilibrium with incomplete markets.

6.2 Some policy experiments

We know from Geanakoplos and Polemarchakis (1986) that models with
incomplete markets are generically constrained-inefficient, but the
characterization of an optimal policy is difficult. Knowing that there exists a
welfare-improving intervention is not the same thing as knowing what it is.
To gain insight into the complexities and nuances of policy intervention, we
introduce a simple example that can be solved numerically and consider the
effect of various policy experiments.

We assume that the period utility function is logarithmic:
U(c) = logc,

and the probability of being an early consumer is uniformly distributed
A Ounif [0, 1] .

As usual, the return on the short-term asset is normalized to 1 and the
Investor’s opportunity cost of funds is fixed at

p = 2.
The return on the long-term ass®&, is allowed to assume a number of
values between 1 and 2. The cost of liquidity is measuredRbyl , the

difference between the returns on the long-term and short-term assets. The
cost of capital is measured Ip/~ R, the difference between the opportunity
cost of funds and the return on the long-term asset. S® iasreases, the

cost of liquidity increases and the cost of capital decreases.
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Intermediaries are assumed to be heterogeneous in the sense that their
depositors are either all early consumers or all late consumers.

6.3 Complete markets

We begin by determining the efficient allocation of investment and risk. This
will serve as a benchmark for the analysis of the incomplete-markets model.
Rather than assume complete markets and calculate the Arrow-Debreu
equilibrium, we consider an artificial economy with homogeneous
intermediaries and solve for the incomplete-markets equilibrium. As we saw
In section 5, when intermediaries are homogeneous, each intermediary is a
microcosm of the economy, and an optimal capital structure allows a
representative intermediary to achieve the first-best allocation, even if there
are no markets for contingent commodities. Solving for an equilibrium of
this artificial economy will yield an allocation that is equivalent to the
complete-markets model with heterogeneous intermediaries and has the
additional advantage that the capital structure is determinate, so we can
easily compare the capital structures of the two economies.

Table 1 shows the equilibrium values of capiggl , investment in the short
assetd , and expected utiliBU , for various valueR.of

Since the total invested in short- and long-term assets at daté 0 &3 , the
ratio of capital to assets i,/ (1 +€,) , which is approximately the same as
gy for small values ofe; . AR varies from 1.2 to 1.8, the optimal capital
ratio varies from less than 2 per cent to around 13/113 = 11 per cent. The
cost of capital is lower, the higher the return on the long-term asset, and
intermediaries choose to hold more capital when its cost falls.

The demand for liquidity, measured Iy , the investment in the short-term
asset, falls aR increases. WheR = 1.2, the share of the short-term asset

in the portfolio is nearly 74 per cent; whdéh = 1.8, the short-term assets
share falls to 56/113 = 50 per cent. Again, this makes sense. There are two
ways of providing liquidity at date 1: by holding the short-term asset or by
holding the long-term asset and selling it if necessary. An increase in the
return on the long-term asset causes intermediaries to hold more of the long-
term asset and less of the short-term asset.

Obviously, an increase in the return on the long-term asset, other things
remaining equal, must increase the expected utility of the typical consumer,
and this is reflected in the right-hand column of Table 1.

1. In the complete-markets economy, capital structure is irrelevant, because markets
provide a perfect substitute for capital, but there is a counterpart to capital, namely, the total
amount invested in assets at date 0 by the investors.
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Table 1

Equilibrium for the Arrow-Debreu economy

p R & 0 EU

2 1.2 0.0135 0.7400 0.0293
2 1.3 0.0245 0.6845 0.0539
2 1.4 0.0375 0.6465 0.0810
2 1.5 0.0530 0.6185 0.1095
2 1.6 0.0725 0.5965 0.1388
2 1.7 0.0970 0.5785 0.1690
2 1.8 0.1300 0.5635 0.2000

6.3.1 Incomplete markets

Now let us assume that intermediaries are heterogeneous and solve for the
incomplete-markets equilibrium. Since intermediaries are heterogeneous,
there is a demand for hedging between intermediaries, but since there are no
markets for hedging risks at date 0, intermediaries can only obtain liquidity
ex post by selling the long-term asset to intermediaries that have an excess
supply of liquidity (because their depositors are late consumers). The
equilibrium values are given in Table 2 for the same parameter values.

Once again, we see that,Rencreases, the share of capital rises, the holding
of the short-term asset falls witR, and the expected utility of the typical
depositor increases.

Comparing Tables 1 and 2, the first thing we notice is that the level of capital
is much lower when markets are incomplete. For each valu®, dhe
amount of capital held is a little more than half the amount held when
markets are complete. This is the optimal response for the intermediary, but
the equilibrium is not efficient. The second thing to notice is that the amount
of the short-term asset held is greater. The share of the short-term asset is
nearly 79 per cent wheR = 1.2 and nearly 64 per cent whéh= 1.8.

Thus, the proportional increase in the share of the short-term asset varies
from 6.7 per cent to 28 per cent.

Comparing the expected utilities in Tables 1 and 2, we see that the expected
utility of the typical depositor is lower when markets are incomplete: the risk-
sharing possibilities are reduced when markets are incomplete.

6.4 Capital requirements

It is clear that the first-best allocation is not achieved when markets are
incomplete—this is why the expected utility is lower. However, the relevant
notion of efficiency is constrained efficiency, not Pareto efficiency. Given the
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Table 2

Equilibrium with incomplete markets

p R <) 0 EU

2 1.2 0.0085 0.7900 0.0279
2 1.3 0.0153 0.7460 0.0514
2 1.4 0.0228 0.7180 0.0770
2 15 0.0310 0.6990 0.1034
2 1.6 0.0399 0.6866 0.1302
2 1.7 0.0430 0.6680 0.1574
2 1.8 0.0602 0.6749 0.1835

iIncompleteness of markets, it is obvious that welfare will be lower. The
interesting question is whether, taking the incompleteness of markets as a
constraint, there is a simple policy intervention that will make everyone
better off. If there are missing markets, it is presumably because there is
some cost or technological constraint to which the policy-maker is also
subject. So we constrain the policy-maker to using spot markets to share risk
and to smooth consumption intertemporally. Equilibrium is said to be
constrained-efficient if it is impossible to make everyone better off by
changing the allocation of goods at date 0 and allowing markets to clear at
dates 1 and 2. Otherwise, it is said to be constrained-inefficient.

One obvious policy experiment is to regulate capital. The policy-maker is
assumed to dictate to the intermediaries the amount of cagjtal ~ they must
raise at date 0, but the policy-maker allows them to choose their portfolios
and consumption plans freely. The market-clearing prigg3,) , are also
endogenously determined. Since the first-best capital ratios are much higher
than the capital ratios under incomplete markets, it is natural to ask whether
increasing the capital ratio will improve welfare. To answer this question,
we compute equilibria in which intermediaries are required to hold different
amounts of capital. Table 3 shows the equilibrium values corresponding to
p = 2, R = 1.8, and different required levels of capitg)  ranging from
0.04 to 0.08. This is approximately equivalent to requiring capital ratios
from 4 per cent to 8 per cent of assets. The first two lines of the table give
the equilibrium values with complete and incomplete markets for com-
parison purposes.

The striking feature of this exercise is that increasing capital requirements
does not increase expected utility. In fact, to increase welfare, the required
policy mustreducecapital.
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6.5 Liquidity requirements

We can try a similar thought experiment by regulating the amount of the
short-term asset held in equilibrium, while allowing the intermediaries to
choose the other variables freely. Tables 4a and 4b show the equilibrium
values corresponding to two values®in each of three different settings:
complete markets, incomplete markets, and incomplete markets with the
value of @ constrained to equal the first best. Table 4a shows equilibrium
values when the return to the long-term asseRis 1.8, and Table 4b
shows equilibrium values wheR = 1.5. In each table, we list first the
equilibrium with complete markets, next the equilibrium with incomplete
markets, and finally, the equilibrium with incomplete markets in which the
value of6 is constrained to equal the value in the first-best equilibrium.

In both cases, we see that the amount of capital, which is chosen freely by
the intermediary, increases, though it does not reach the first-best level, and
the amount of the short-term asset is lowered, since the first best is less than
the level in the incomplete-markets equilibrium. The expected utility
increases and comes reasonably close to the first-best level. Certainly the
impact of this intervention on welfare is much greater than the impact of
capital regulation.

These are trivial examples in toy models, but they raise interesting questions
about what is going on. For example, what is the general-equilibrium effect
of capital-adequacy regulation and what do we know about the effect of
capital structure and portfolio choices of intermediaries on asset pricing?
Until we know a lot more, we will not have a handle on the microeconomics
underlying the optimal capital-regulation policy.

Conclusions

Every intermediary chooses the optimal actions on behalf of its depositors in
equilibrium, taking prices as given. But intermediaries do not take account
of the effect of their collective choices on prices. When the regulator steps in
and forces everyone to choose a different capital level, the result is to change
the equilibrium prices. If the allocation is Pareto-efficient, these pecuniary
externalities cancel out and have no effect on welfare. But if the markets are
incomplete, the allocation will not be Pareto-efficient, and so pecuniary
externalities will not cancel out. It is possible that for some changes in
prices, everyone will be made better off. It is the change in prices that
accounts for the increase in welfare.

Why should an increase in capital at date O lead to a change in prices that
increases welfare? The problem with the equilibrium prices in incomplete
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Table 3
Equilibrium with regulated capital ratios

p R & 0 EU
Complete 2 1.8 0.1300 0.5635 0.2000
Incomplete 2 1.8 0.0602 0.6749 0.1835
e = 0.04 2 1.8 0.0400 0.6465 0.1824
& = 0.05 2 1.8 0.0500 0.6602 0.1841
& = 0.06 2 1.8 0.0600 0.6745 0.1835
& = 0.07 2 1.8 0.0700 0.6889 0.1806
& = 0.08 2 1.8 0.0800 0.7027 0.1756
Table 4a
Equilibrium with regulated asset holdings

p R 8 0 EU
Complete 2 1.8 0.1300 0.5635 0.2000
Incomplete 2 1.8 0.0602 0.6749 0.1835
0 = 0.5635 2 1.8 0.0952 0.5635 0.1979
Table 4b
Equilibrium with regulated asset holdings

p R & 6 EU
Complete 2 1.5 0.0530 0.6185 0.1095
Incomplete 2 1.5 0.0310 0.6990 0.1034
6 = 0.6185 2 1.5 0.0461 0.6185 0.1092

markets is that they are too volatile: when there is a high demand for
liquidity (high realization ofA ), lots of intermediaries are selling assets, and
this depresse9(A) , increasing the cost of liquidity. To provide better
insurance, one wants a policy that will stabilize prices. The way to do this is
to increase the amount of the short-term asset being held, more precisely, the
amount of the short-term asset relative to the amount of the long-term asset.
This, at least, is the intuition behind the argument that capital may be too
low in laissez-faire equilibrium. But there are other factors that must be
taken into consideration.

First, reducing risk is not the only objective. If the degree of risk aversion is
not too high, it may be more important to take advantage of the higher
returns from investing in the long-term asset and to reduce the consumption
at date 1. In Allen and Gale (2004), it is shown that, if relative risk aversion
is above a critical value, there is too little liquidity, and, if it is below, there is
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too much. In fact, the critical value of risk aversion is one, the same as the
logarithmic utility function used for the numerical examples above.

Second, capital is costly. Investors must be compensated for their oppor-
tunity costsp even though the return on bank assets is lower, and this
requires the depositors to give up some of their share of the returns.
Evidently, the benefit of higher capital, in terms of stabilizing prices, is not
enough to offset the cost of capital. The odd thing is that intermediaries, who
take prices as given, choose to set the level of capital too high.

Clearly, we cannot explain everything in terms of a simple unicausal story.
It may be that if relative risk aversion were much higher, the intuitive
explanation given above would be the dominant factor, and an increase in
capital would increase welfare. More research into these questions is
needed.
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	Introduction
	Financial crises have a long and varied history. The development of central banking techniques pr...
	In the literature on capital adequacy, it is often argued that capital-adequacy requirements are ...
	An exception in the literature on capital-adequacy requirements is the paper by Hellmann, Murdoch...
	It appears from this brief review of the literature that the justification for capital-adequacy r...
	Bank capital has two functions. One is to provide a buffer or cushion against unexpected shocks. ...
	In policy discussions, it is often assumed that financial fragility, the possibility of one distr...
	In a series of related papers, Allen and Gale (1998, 2000a–d, 2004) describe a model that integra...
	Banks are modelled as institutions that provide an optimal combination of liquidity and return. I...
	Bank behaviour can be represented as the solution of an optimal contracting problem. Banks compet...
	Risk can take the form of shocks to asset returns or the demand for liquidity. In this paper, we ...
	The introduction of these two types of markets has important implications for the welfare propert...
	For a long time, policy-makers have considered it axiomatic that crises are best avoided. By cont...
	The important point is that avoidance of crises should not be taken as axiomatic. If regulation i...
	The model described so far has no role for capital. Banks are like mutual companies, operated for...
	In the sections that follow, we illustrate the general approach of Allen and Gale and apply it to...
	To provide a rationale for intermediation, we asssume incomplete participation in markets for con...
	Turning to the case of incomplete markets, we show that capital structure is determinate but may ...
	The rest of the paper is organized as follows. Section 1 presents the basic model. Section 2 defi...

	1 A Model of Risk
	As a vehicle for our analysis, we use a variant of the model found in Gale (2003). Time is divide...
	• The short-term asset is represented by a storage technology: one unit of the good invested at d...
	• The long-term asset is represented by a constant-returns-to-scale investment technology: one un...

	In choosing the optimal combination of the two assets, there is a trade-off between liquidity and...
	The economic agents in this economy are divided into two groups: risk- averse consumers who provi...
	,

	where denotes the investor’s consumption at date . The constant represents the investor’s opportu...
	There is a continuum of identical, risk-averse consumers with unit mass. Each consumer has an end...
	.

	The consumer’s risk aversion, together with uncertainty about the preference shock (early or late...
	Since investors are risk-neutral, there is an opportunity to share risk with the consumers. Howev...
	We assume that the fraction of early consumers is equal to the probability that an individual age...
	There are two types of risk sharing in this economy. The consumers are ex�ante identical and rece...
	Since neither consumers nor investors have an initial endowment of goods at dates 1 and 2, future...

	2 Equilibrium with Complete Markets
	We begin by describing an Arrow-Debreu economy, in which the optimal allocation of risk bearing c...
	In equilibrium, the profits from holding assets will be zero, so it is immaterial who actually ho...
	The ability to invest in the short- and the long-term assets gives rise to a production technolog...
	and
	.

	Here, is the input into the production process at date 0. The producer divides the input at date ...
	The value of a production plan is given by
	.

	Because the investment technology exhibits constant returns to scale, the value of any production...
	, (1)
	with equality if there is positive investment in the short-term asset. Second, there is no profit...

	, (2)
	with equality if there is positive investment in the long-term asset. Third, there is no profit f...

	(3)
	for every , with equality if there is storage between date 1 and date 2 in state . A price system...
	Let denote the investor’s supply of capital at date 0 and let denote the investor’s consumption a...
	An allocation consists of a production plan , a consumption plan e for the investor, and a consum...

	, (4)
	, (5)
	. (6)
	The first market-clearing condition (4) says that, at date 0, the consumers’ endowment plus the a...
	Given an admissible price system, the decision problem of consumers is to choose to

	(7)
	Note that the budget constraint is written as an expected value. Multiplying the values in a part...
	Consumer demand is automatically incentive-compatible in equilibrium, because the restriction imp...
	Similarly, the decision problem of investors is to choose a consumption plan to

	(8)
	Again, without loss of generality, the budget constraint can be written in terms of expected values.
	A competitive equilibrium for this Arrow-Debreu economy consists of an admissible price system q ...


	3 Optimal Risk Sharing
	The First Fundamental Theorem of Welfare Economics asserts that every competitive equilibrium is ...
	Theorem 1. If is a Walrasian equilibrium of the Arrow-Debreu economy, the allocation is Pareto-ef...
	From the definition of Pareto efficiency, it is clear that the allocation is Pareto-efficient onl...
	.

	Using the attainability conditions, we can rewrite the participation constraint equivalently as
	,

	and the attainability conditions are given by equations (4) to (6). So, the planner’s problem can...
	(9)
	Theorem 2. If is an equilibrium of the Arrow-Debreu economy, then is a solution to the decision p...
	The form of the optimal risk-sharing arrangement between consumers and investors is given by the ...
	Theorem 3. If is a solution to the decision problem (9), the optimal consumption allocation is ch...
	,
	.

	Proof. The first-order conditions for the consumer’s problem are

	(10)
	and

	(11)
	for all values of . For the investor’s problem, the first-order conditions are
	,
	,

	and
	,

	with equality holding if the investor’s consumption or supply of capital is positive. In what fol...
	To characterize the efficient risk-sharing scheme, we consider two cases. In the first case, and,...
	Case 1: . Then implies that
	.

	The inequality follows from the attainability condition. The first-order conditions imply that an...
	Case 2: . Then implies that , so
	and
	.

	There are two subcases to be considered. If , then the inequality is strict, and if , then , wher...
	.

	To complete the proof, we have to show that . If this were not so, a reduction in and a correspon...


	4 Intermediation and Capital Structure
	In an economy with complete markets, individuals can achieve efficient risk sharing without the i...
	An allocation for the intermediated economy consists of a risk-sharing contract proposed by the r...
	,
	,
	.

	Free entry will ensure zero profits in intermediation, and competition among intermediaries force...
	(12)
	If q is an equilibrium price system, then
	implies that
	,

	so a solution to the intermediary’s decision problem must satisfy
	and
	.

	Thus, the intermediary’s problem is equivalent to
	which is the individual’s problem in the complete-markets equilibrium with- out intermediation.
	The representative investor takes e as given and chooses f to solve

	(13)
	An equilibrium of the intermediated economy consists of an attainable allocation and an admissibl...
	The following Modigliani-Miller-style result tells us that capital structure is irrelevant in an ...
	Theorem 4. Let be an equilibrium of the intermediated economy. For any and such that and and solv...
	Proof. Clearly, is attainable, since the attainability conditions depend only on the sum . By ass...
	Note that an equilibrium of the Arrow-Debreu economy is isomorphic to an equilibrium of the inter...


	5 Equilibrium with Incomplete Markets
	We have shown that bank capital is redundant when markets are complete: market trades are a perfe...
	The assumption of complete markets is unrealistic, of course. It is the absence of complete marke...
	We continue to assume that consumers have no access to capital markets and must use intermediarie...
	When markets are complete, it does not matter who holds the assets, and we can assume that all as...
	At the first date, the representative intermediary receives one unit of the good as a deposit fro...
	We can assume without loss of generality that the role of investors is simply to provide capital ...
	An allocation is an array , where c is the consumption plan for consumers, e is the capital struc...
	,
	.

	Let denote the price of the good at date 2 in terms of the good at date 1. The long-term asset wi...
	for all and if . This condition is the analogue of the condition that for all in the Arrow-Debreu...
	Since the intermediary cannot hedge against preference shocks by trading contingent commodities, ...
	.

	The left-hand side is the present value of consumption promised to consumers and investors, and t...
	An intermediated equilibrium for the incomplete markets economy consists of an attainable allocat...
	Theorem 5. Suppose that is an equilibrium of the Arrow- Debreu economy and define by putting
	for any . Then is an intermediated equilibrium of the economy with incomplete markets.
	Proof. It is sufficient to show that solves the intermediary’s problem at the defined prices . It...
	In effect, the intermediary is replacing the missing markets. There is no need for trade among in...
	Because the first best is achieved (i.e., all marginal rates of substitution are equalized), pecu...

	6 Incomplete Markets and Heterogeneous Intermediaries
	The equilibrium with incomplete markets (examined in the previous section) is efficient, because ...
	As a practical matter, intermediaries are quite likely to be heterogeneous, and markets will prov...
	Here we want to illustrate the importance of missing markets in the simplest possible way, and we...
	When intermediaries are heterogeneous, the definition of equilibrium with incomplete markets has ...
	An equilibrium for this economy consists of an attainable allocation and an admissible price func...
	6.1 The inefficiency of risk sharing
	Suppose that the intermediary chooses a portfolio . The value of the intermediary’s portfolio is
	at date 1, and
	at date 2.
	Theorem 6. If is an intermediated equilibrium of the economy with incomplete markets and heteroge...
	,

	and
	,

	where and .
	To simplify the comparison of the incomplete-markets equilibrium with the first best, we assume that
	.

	Then the decision problem faced by the intermediary is to maximize the consumers’ expected utility
	,

	subject to the constraints
	,

	and
	.

	The equilibrium price function is given by
	.

	The value of the intermediary’s portfolio is
	at date 1, and
	at date 2. Substituting these expressions into the objective function, we get
	.

	A central planner, subject to the same constraints (incomplete markets) as the intermediaries but...

	6.2 Some policy experiments
	We know from Geanakoplos and Polemarchakis (1986) that models with incomplete markets are generic...
	We assume that the period utility function is logarithmic:
	,

	and the probability of being an early consumer is uniformly distributed
	.

	As usual, the return on the short-term asset is normalized to 1 and the investor’s opportunity co...
	.

	The return on the long-term asset, R, is allowed to assume a number of values between 1 and 2. Th...
	Intermediaries are assumed to be heterogeneous in the sense that their depositors are either all ...

	6.3 Complete markets
	We begin by determining the efficient allocation of investment and risk. This will serve as a ben...
	Table 1 shows the equilibrium values of capital , investment in the short asset , and expected ut...
	Since the total invested in short- and long-term assets at date 0 is , the ratio of capital to as...
	The demand for liquidity, measured by , the investment in the short-term asset, falls as R increa...
	Obviously, an increase in the return on the long-term asset, other things remaining equal, must i...
	6.3.1 Incomplete markets
	Now let us assume that intermediaries are heterogeneous and solve for the incomplete-markets equi...
	Once again, we see that, as R increases, the share of capital rises, the holding of the short-ter...
	Comparing Tables 1 and 2, the first thing we notice is that the level of capital is much lower wh...
	Comparing the expected utilities in Tables 1 and 2, we see that the expected utility of the typic...


	6.4 Capital requirements
	It is clear that the first-best allocation is not achieved when markets are incomplete—this is wh...
	One obvious policy experiment is to regulate capital. The policy-maker is assumed to dictate to t...
	The striking feature of this exercise is that increasing capital requirements does not increase e...

	6.5 Liquidity requirements
	We can try a similar thought experiment by regulating the amount of the short-term asset held in ...
	In both cases, we see that the amount of capital, which is chosen freely by the intermediary, inc...
	These are trivial examples in toy models, but they raise interesting questions about what is goin...

	Conclusions
	Every intermediary chooses the optimal actions on behalf of its depositors in equilibrium, taking...
	Why should an increase in capital at date 0 lead to a change in prices that increases welfare? Th...
	First, reducing risk is not the only objective. If the degree of risk aversion is not too high, i...
	Second, capital is costly. Investors must be compensated for their oppor- tunity costs even thoug...
	Clearly, we cannot explain everything in terms of a simple unicausal story. It may be that if rel...
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