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1 Introduction

Modern banks trade in many markets, and bank clients have access to a wide range of
trades outside their main banking relationship. While access to multiple trading oppor-
tunities is beneficial to any single investor, it has long been understood that side trades
can severely limit collective risk sharing. At the same time, financial intermediaries that
perform asset transformation services are subject to the risk of runs, with potentially de-
bilitating consequences for the broader economy. It is therefore important to understand
how side trades shape the structure of financial intermediation, and how trading interacts
with financial stability.

The current paper revisits these classic questions in a benchmark model of financial
intermediation. The model has two key features. As in Diamond and Dybvig (1983),
a profitable but illiquid long-term investment is present in the economy (e.g., building
a factory). However, inhabitants of the model, called consumers, face privately ob-
served liquidity shocks. These shocks—such as unexpected medical expenses—may
occur before the long-term investment comes to fruition. As a result, there are gains
from financial intermediation.

The second feature of themodel is that consumers canmake unobservable side trades
in a credit market (hidden trades) as in Farhi, Golosov, and Tsyvinski (2009). Hidden
trades limit risk sharing. If an intermediary offers a great deal of insurance against un-
expected medical expenses, healthy depositors have an incentive to withdraw early and
invest the proceeds in the credit market. In a market with many competing intermedi-
aries, hidden trades also lead to a pecuniary externality. A single intermediary has an
incentive to free ride on liquidity provided by other intermediaries. Liquidity provision
is dramatically reduced when intermediaries are unregulated.

The analysis leads to two sets of results. First, banks funded by demand deposits are
not essential for the efficient provision of liquidity insurance. Closed-end mutual funds
of the type originally envisioned by Jacklin (1987) can attain constrained efficiency.
(Figure 1 summarizes the welfare conclusions.) Second, financial instability does not
arise in this model, even with banks funded by demand deposits.

To be sure, both results have antecedents in the literature (see Section 1.1). The goal
of this paper is to provide an analysis that dots the i’s and crosses the t’s—so that future
travelers treading similar grounds do not have to. It turns out that some of the issues are
subtle and, more importantly, lead to new insights.

I begin by showing that Jacklin’s mutual funds are not immune to hidden trades.
This may sound surprising. The mutual fund arrangement is a linear mechanism, and it
would seem to be immune to arbitrage that often plagues non-linear pricing. The prob-
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(private info. + hidden trades)
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(private info.)

First Best
(no frictions)

Competitive eq.
(no regulation):

banks, mutual funds

Competitive eq.
(optimal regulation):
banks, mutual funds

Figure 1: Welfare comparison of the different allocations. Benchmark allocations are given above the
horizontal line, competitive equilibria with hidden trades are below the horizontal line. Allocations that
are further to the right are better in terms of higher ex ante welfare. See text for further discussion.

lem stems from the fact that with many competing mutual funds, any single mutual fund
takes the market interest rate as given. As long as the market interest rate differs from
the rate of return on the long-term project, mutual funds face a profitable arbitrage op-
portunity. In equilibrium the two rates must be equalized, and that dramatically reduces
liquidity insurance. This pecuniary externality would not arise if liquidity insurance
were provided by a single benevolent mutual fund.

Competitive mutual funds can achieve constrained efficiency after government in-
tervention. Government intervention can take the form of a liquidity requirement or a
tax on the long-term investment. Such regulation is only necessary to fix the pecuniary
externality stemming from hidden trades, and not any distortion associated with mutual
funds: Regulation is identical to what is required to achieve efficiency with deposit-
funded banks. Mutual funds, despite offering very simple contracts, are able to achieve
constrained efficiency because hidden trades shrink the set of incentive-compatible al-
locations. With hidden trades, the present value of all consumption bundles must be
equal. Hence, to achieve constrained efficiency, it is not necessary to offer a rich set
of contracts and rely on self-selection, as is the case with banks. It is enough to give
all consumers the same endowment and let consumers that wish to obtain additional
liquidity borrow in the credit market. Mutual funds do precisely this.

The constrained efficiency result stands in sharp contrast to the conventional view
that Jacklin’s mutual funds are efficient only under restrictive assumptions on consumer
preferences. In fact, the structure of consumer preferences is not essential. The key
distinction is whether consumers can trade with each other. If consumers cannot trade
with each other (perhaps, as in Wallace (1988), transaction costs are prohibitive), then
the mutual fund mechanism is not feasible. In that case, comparing banks and mutual
funds is not economically meaningful. If, however, consumers can trade with each
other, hidden trades must be tackled head on. Once hidden trades are allowed, banks
and mutual funds turn out to be equivalent.

Figure 1 summarizes the welfare results. The figure plots benchmark allocations
(above the horizontal line) and competitive outcomes (below the horizontal line); allo-
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cations to the right yield higher ex ante welfare. The first-best allocation is obtained by
maximizing the ex ante welfare of consumers, subject only to resource feasibility. The
second-best allocation is obtained as the solution to a mechanism design problem when
liquidity needs of consumers cannot be directly observed. This is the allocation most
often analyzed in the existing literature. Finally, the third-best allocation is obtained
when, in addition to private information, consumers can engage in hidden trades. In
general, the additional constraints introduced in the second- and third-best allocations
are binding, and hence welfare is reduced. Nevertheless, even the third best is typically
better than autarky, a situation when consumers can invest in the long-term technology
but are isolated from other agents.

When financial intermediaries are unregulated and hidden trades are feasible, the
resulting competitive equilibrium yields a welfare level that is lower than the third best.
If the long-term technology is illiquid in that it is difficult to stop the investment once
it is under way, intermediaries improve upon autarky by avoiding inefficient early liq-
uidation. Of course, intermediation is not essential for this result, as trading claims on
long-term investment would achieve the same purpose. If the government imposes suit-
able regulation, then constrained efficiency can be restored, and both banks and mutual
funds achieve the third best.

I then turn to the question of financial stability: Can bank runs or other types of
financial instability arise when consumers can trade with each other? I first show that
the equilibrium in the mutual fund economy is unique. There is no equilibrium that
could be interpreted as a financial panic or a run on the mutual fund. Policies such as
deposit insurance are not necessary to achieve financial stability. The only role for the
government is to fix the pecuniary externality that arises because of hidden trades.

It turns out that even banks funded by demand deposits do not suffer from runs in this
world.1 If banks and consumers can trade with each other in a credit market, the equi-
librium allocation is again uniquely determined. That is the case even when banks use
simple demand deposit contracts without suspension of payments. This result resolves
the apparent dissonance between the instability of demand deposits in Diamond and
Dybvig (1983) and the stability of mutual funds in Jacklin (1987). The reason why the
two papers reach such different conclusions is, in part, because they start from different
assumptions on trading possibilities. No trade between consumers and intermediaries
is allowed by Diamond and Dybvig, while such trade is essential for the mutual fund
arrangement of Jacklin. Once banks and mutual funds are put on the same footing, they
1 For tractability, I only consider the case in which consumers have corner preferences, as originally
studied by Diamond and Dybvig. With corner preferences, equilibrium in the credit market can be
found in closed form, and uniqueness can be directly demonstrated. While I have not been able to obtain
stronger results, nothing in the economics of the result seems to hinge on the structure of preferences.
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both turn out to be stable.
To understand why no bank runs arise with trading, suppose that all consumers sud-

denly decide to consume early. If they do so, the supply of credit falls, and the interest
rate in the credit market goes up. However, the higher interest rate raises the opportu-
nity cost of consuming early. As a result, consumers that are not facing a liquidity shock
postpone consumption and start lending in the credit market, pushing the interest rate
back to its equilibrium level. This way, changes in the interest rate stabilize the market.
The bank is able to satisfy any pattern of withdrawals at the market-clearing interest
rate. Depositors that withdraw early but do not need liquidity lend the proceeds back to
the bank via the credit market. While the equilibrium pattern of withdrawals is indeter-
minate, consumption levels are pinned down uniquely. There again is no equilibrium
that could be interpreted as a financial panic.

Outline. Section 1.1 discusses how the results of the present paper fit into the
broader literature on liquidity insurance and financial stability. Section 2 presents the
basic features of the environment. Section 3 introduces hidden trades and characterizes
the constrained efficient allocation. Section 4 contains the first result: Mutual funds can
achieve constrained efficiency, and the resulting equilibrium is unique. Section 5 has
the second result: Self-fulfilling bank runs do not arise when banks and consumers can
trade in a credit market. Section 6 concludes by discussing limitations of the present
study and potential directions for future work.

1.1 Related Literature

A large literature studies liquidity insurance and related banking questions in the frame-
work of Diamond and Dybvig (1983). For an overview, see Gorton and Winton (2003)
and Freixas and Rochet (2008); von Thadden (1999) reviews research on liquidity cre-
ation by banks andmarkets in Diamond-Dybvigmodels and discusses some of the issues
related to side trades.

The present paper builds heavily upon thework of Jacklin (1987) and Farhi, Golosov,
and Tsyvinski (2009). Jacklin (1987) made two key contributions.2 First, Jacklin intro-
duced closed-end mutual funds as an alternative to banks in providing liquidity insur-
ance.3 Second, Jacklin demonstrated that arrangements for sharing liquidity risks are
2 Cone (1982, Appendix 4.1) also pointed out that risk sharing by banks in the Diamond-Dybvig model
is destroyed if trades between consumers are allowed. In addition, Cone (1982, Chapter 2) discussed a
bank run model in which an institution resembling the mutual fund of Jacklin is not susceptible to runs.
Haubrich and King (1984, 1990) explored many similar themes in a model with privately observed
income shocks.

3 Jacklin called the mechanism “equity contracts” in his original paper, arguably in part because the role
of the mutual fund can be played by any firm that finances investment by issuing equity. The same
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vulnerable to side trades.
More precisely, Jacklin showed that with trading restrictions (i.e., no hidden trades),

a dividend-payingmutual fund can achieve the first best when consumers haveDiamond-
Dybvig corner preferences (pp. 30–31). With more general preferences but still with
trading restrictions, mutual funds are typically worse than banks (Theorems 2 and 3).

In the second part of his paper, Jacklin pointed out that both banks and mutual funds
are vulnerable to side trades. With side trades, mutual funds and banks are equivalent
(Theorem 4). This result does not depend on the structure of preferences.4 However,
this comparison is of limited interest, since unregulated banks provide no liquidity in-
surance over what can be obtained by directly trading claims on long-term investment
(von Thadden, 1999, Proposition 3; Allen and Gale, 2004, Theorem 3; Farhi, Golosov,
and Tsyvinski, 2009, p. 980). Building on Farhi, Golosov, and Tsyvinski (2009), the
present paper departs from the work of Jacklin in explicitly modeling both the informa-
tional frictions that lead to hidden trades as well as the trading process through which
competition among mutual funds leads to reduced risk sharing. In addition, I analyze
whether government regulation can improve risk sharing provided by mutual funds.

While Jacklin was not very explicit in his analysis of side trades, Farhi, Golosov,
and Tsyvinski (2009) derive optimal liquidity insurance arrangements in the presence
of hidden trades from first principles. Farhi, Golosov, and Tsyvinski characterize the
constrained efficient allocation and show that it involves liquidity insurance (Theorem
1). Furthermore, Farhi, Golosov, and Tsyvinski show that it is possible to decentralize
the constrained efficient optimum with competitive banks by introducing a liquidity
requirement (Proposition 1). However, Farhi, Golosov, and Tsyvinski do not investigate
whether banks have an advantage over mutual funds in their environment and whether
or not it is possible to implement the constrained efficient allocation uniquely.5

The result that a bank run equilibrium does not exist when consumers and banks can
trade with each other is closely related to Skeie (2008). Skeie considers a Diamond-
Dybvig model with money and shows that in this model bank runs are never an equilib-
rium. Consumers that withdraw in a run but do not want to consume today deposit their

mechanism has also been called “market rate deposits” (Jacklin, 1993).
4 Jacklin (p. 42) suggests that risk sharing unravels in the case of Diamond-Dybvig corner preferences
because “marginal rates of substitution are not equalized across types at the social optimum.” Subse-
quent work, however, has clarified that the unraveling problem highlighted by Jacklin is not an artifact
of the Diamond-Dybvig preference structure (see Farhi, Golosov, and Tsyvinski, 2007, Proposition 2).

5 Farhi, Golosov and Tsyvinski write that “[...] we are neglecting the possibility that this revelation game
may have a “bank run equilibrium” of the sort considered by Diamond and Dybvig (1983).” (Farhi,
Golosov, and Tsyvinski, 2009, p. 977, Footnote 5). In the working paper version, Farhi, Golosov and
Tsyvinski state that “We do not impose a sequential service constraint so there are no bank runs in our
model.” (Farhi, Golosov, and Tsyvinski, 2007, p. 9) but do not explicitly characterize the mechanism
that rules out runs. Results of this paper show that runs are indeed not an issue in their environment.
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money in another bank, and then the money is transferred back to the original bank via
an interbank market. The current paper complements the work of Skeie by showing that
it is the possibility of trade between consumers and banks that is essential, not the fact
that deposits are nominal or that there is an interbank market. In addition, I explicitly
deal with hidden trades and the resulting inefficiency.

2 Model

The model is based on Farhi, Golosov, and Tsyvinski (2009).

2.1 Primitives

Environment. There are three periods: t = 0, 1, 2. The economy is populated by a
unit measure of ex ante identical consumers. Consumers are endowed with e units of a
consumption good at the initial date and maximize expected utility. At the beginning of
period one consumers experience a preference shock. The shock is private information.
Utility of consumption is state dependent:

U (c1, c2;θ) =

U (c1, c2;E) with probability π(E)

U (c1, c2;L) with probability π(L)
(1)

With probability π(E) the consumer is an early type and places more weight on con-
sumption in period one. With complementary probability, the consumer is a late type
and cares relatively more about consumption in period two. I write π(θ) to denote the
probability of being type θ and let Θ ≡ {E,L} denote the set of possible types.6 Follow-
ing Jacklin (1987) the idea that early consumers value period one consumption more
than the late types is captured by the single-crossing condition

U1(c1, c2;E)

U2(c1, c2;E)
>
U1(c1, c2;L)

U2(c1, c2;L)
for all (c1, c2) ∈ R2++. (2)

Utility function U (c1, c2;θ) is well-defined on R2+, except possibly when ct is equal to
zero, twice continuously differentiable, weakly increasing in both arguments and strictly
increasing in at least one, and strictly concave. To ensure that consumption is strictly
positive in both periods, I impose the following Inada-type condition.

6 Most of the results in this paper generalize straightforwardly to the case of finitely many types.
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Assumption 1 (Boundary Condition). Utility functionU (c1, c2;θ) satisfies:

A1. there is some θ ∈ Θ with limc1↓0[U1(c1, c2;θ) − R̂U2(c1, c2;θ)] > 0 for all c2 > 0;
A2. there is some θ ∈ Θ with limc2↓0[U1(c1, c2;θ) − R̂U2(c1, c2;θ)] < 0 for all c1 > 0.

To obtain sharper analytical results, I will at times assume that consumers have corner
preferences originally studied by Diamond and Dybvig:

U (·;E) = u(c1), U (·;L) = ρu(c1 + c2) with lim
c↓0

u′(c) = +∞ and ρR̂ > 1. (3)

A law of large numbers for a continuum of i.i.d. random variables is assumed to
hold, so that there is no risk about the measure of early consumers in the aggregate.

Technology. Two technologies are available in the economy: storage and a productive
long-term technology. Only financial intermediaries have access to these technologies.
The long-term technology yields R̂ > 1 units of consumption good in period two per one
unit invested in period zero. A fraction of the long-term investment may be liquidated
after the realization of the liquidity shocks in period one. Liquidation is potentially
costly. For each unit of the long-term investment liquidated, agents receive 1 − δ units
of the consumption good with δ ∈ [0, 1] denoting the liquidation cost. In addition, there
is a storage technology that transfers consumption across periods one-to-one. Storage
is available in both period zero and period one.

Remarks on Consumer Preferences

It is important to allow for general utility functions in the first part of the paper because of
a result of Jacklin (1987) discussed above: Mutual funds are efficient when consumers
have corner preferences (as in Eq. (3)), and there are no hidden trades. With hidden
trades, it would be natural to expectmutual funds to dowell when consumers have corner
preferences but not necessarily otherwise. The specification of preferences considered
in this paper is general enough to nest all cases typically considered in the literature.

The marginal rate of substitution may be infinite for the early types, as it is, for
example, for corner preferences. Finally, the Inada-type Assumption 1 is satisfied if, for
example, for some type θ , the utility function is U (c1, c2;θ) = a(θ)u(c1) + b(θ)u(c2)

and u(x) satisfies the Inada conditions, or consumers have corner preferences.
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2.2 Feasibility, Efficiency and Welfare

An allocation is a collection of consumption bundles of all types {c1θ , c2θ }θ∈Θ with ctθ
denoting consumption of type θ in period t . An allocation is said to be feasible if

∑
θ

(
π(θ)c1(θ) +

c2(θ)

R̂

)
≤ e

and all consumption levels are weakly positive.
Since all consumers are identical in period zero, ex-ante welfare is defined by∑

θ

π(θ)U (c1(θ), c2(θ);θ) .

By the Revelation Principle, it is without loss of generality to only consider allocations
that satisfy the following incentive-compatibility constraints:

U (c1(θ), c2(θ);θ) ≥ U (c1(θ
′), c2(θ

′);θ) for all θ ,θ ′ ∈ Θ. (4)

Definitions of first- and second-best efficiency are standard. Constrained (third-best)
efficiency with hidden trades is defined in Section 3.

Definition 1. A feasible allocation is said to be first best if it maximizes ex ante welfare.
A feasible allocation is said to be second best if it maximizes ex ante welfare subject to
incentive-compatibility constraints in Eq. (4).

To understand the welfare properties of mutual funds, it is useful to define the fol-
lowing benchmark. Consider a world in which consumers have direct access to storage
and the long-term technology. In addition, they can borrow and lend in a credit market
in period one. However, there are no financial intermediaries. Following the literature, I
call this the financial market economy (see, e.g., Freixas and Rochet, 2008, pp. 22–23).
It is immediate that the equilibrium interest rate is equal to R̂. In period zero, consumers
are therefore indifferent between all feasible investment choices, and the equilibrium
investment in the long-term technology is pinned down by market clearing. In period
one, consumers solve the following problem.

Problem 1 (Consumer’s Problem in Financial Market Economy).

max
c1,c2

U (c1, c2;θ)

s.t. c1 +
c2

R̂
= e

c1, c2 ≥ 0
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The financial market allocation, denoted by {cm1 (θ), cm2 (θ)}θ∈Θ, is obtained by collecting
the optimal consumption bundles of all types. The only role for trade in the financial
market economy is to avoid inefficient early liquidation. If the cost of early liquidation,
δ , were zero, the financial market allocation would coincide with the autarkic alloca-
tion in which consumers have direct access to the two investment technologies but are
isolated from other agents (see Freixas and Rochet, 2008, pp. 21–22).

2.3 Decentralization by Banks

Under some conditions, the second-best allocation can be decentralized by competitive
banks that compete by offering different deposit contracts (Allen and Gale, 2004). Two
assumptions are key for the decentralization result to obtain. First, consumers cannot
engage in hidden trades as otherwise liquidity insurance would be arbitraged away.
Second, there cannot be panic-based runs in which late consumers withdraw early in
anticipation of all other late consumers also withdrawing early.7 If these assumptions
hold, unregulated competitive banks are second-best efficient, and there is no role for
government intervention.

3 Hidden Trades

I now introduce hidden trades and define constrained (third-best) efficiency. This sec-
tion contains no new results and follows Farhi, Golosov, and Tsyvinski (2009) closely.

Each consumer observes her type at the beginning of period one. The consumer then
announces her type to the social planner (or a private intermediary); the announcement
need not be truthful. After receiving a consumption bundle, the consumer can trade in
a credit market, private market for short. These trades are unobservable, and contracts
cannot be made contingent on trades taking place in the private market.

LetC = {(c1(θ), c2(θ))}θ∈Θ denote amenu of contracts offered by the social planner,
and R be the interest rate prevailing in the private market. Consumers face the following
problem.

7 See Remark 2 in Allen and Gale (2004, p. 1035). Runs cannot happen with probability one in a com-
petitive banking system. However, bank runs may nevertheless occur in a sunspot equilibrium as in
Cooper and Ross (1998) and Peck and Shell (2003) if the probability of a run is small enough.
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Problem 2 (Optimal Trades and Announcement).

V̂ (C,R;θ) = max
x1,x2,θ ′

U (x1,x2;θ)

s.t. x1 +
x2
R

= c1(θ
′) +

c2(θ
′)

R

θ ′ ∈ Θ,x1,x2 ≥ 0

Each consumer faces a menu of contracts C. Since markets in period one are com-
plete, the optimal consumption decision can be separated from the optimal announce-
ment. All consumers simply choose the consumption bundle with the highest present
value of consumption, discounted at the interest rate prevailing in the private market.
After picking the bundle with the highest present value, the consumer chooses her after-
trade consumption xt . After-trade consumption xt may differ from the consumption
level ct originally assigned by the planner because consumers can trade in the private
market.

Equilibrium in the private market can now be defined.8

Definition 2 (Mixed Equilibrium in the Private Market). A mixed equilibrium in the
private market for a given menu of contracts C is an allocation

{
x
eq
1 (θ),x

eq
2 (θ)

}
θ∈Θ,

a probability measure {ρeq(θ ,θ ′)}θ ,θ ′∈Θ over announcements, and an interest rate Req

such that:

• Consumers optimize: for all θ ∈ Θ,
(
x
eq
1 (θ),x

eq
2 (θ),θeq(θ)

)
solve Problem 2,

taking the interest rate Req as given, and the probability measure ρeq(θ ,θ ′) is
consistent with optimal announcement by consumers: ρeq(θ ,θ ′) > 0 ⇒ θ ′ ∈
arg maxθ̂ c1(θ̂) +

c2(θ̂)
Req .

• Markets clear:
∑

θ π(θ)x
eq
t (θ) =

∑
θ ,θ ′ ρ

eq(θ ,θ ′)ct(θ ′) for t = 1, 2.

Constrained efficiency is defined as follows.

Definition 3. A feasible allocation C is said to be constrained efficient or third best if it
maximizes ex ante welfare subject to the following incentive-compatibility constraints:

U (c1(θ), c2(θ);θ) ≥ V̂ (C,R;θ) for all θ ∈ Θ, (5)

where R is an equilibrium interest rate on the private market.

The incentive constraints in Eq. (5) are as least as tight as the incentive constraints
faced by the social planner in the absence of hidden trades in Eq. (4). Since the plan-
8 The definition borrows from Allen and Gale (2004) to allow for the possibility of ex post identical
consumers making different announcements to the planner. Some economies may fail to have non-
mixed equilibria because aggregate endowment is not a continuous function of the interest rate.
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ner faces a tighter constraint, welfare achieved in the third best is weakly smaller than
welfare in the second best.

LetV (I ,R;θ) denote the indirect utility function of a type-θ consumer that has an in-
come I and faces an interest rate R, and let xt(I ,R;θ) denote her uncompensated demand
function. Instead of directly solving for the constrained efficient allocation as defined
in Definition 3, Farhi, Golosov, and Tsyvinski (2009, Lemma 1) show that one may
equivalently consider the following problem.9

Problem 3 (Constrained Efficient Allocation).

max
I ,R

∑
θ

π(θ)V (I ,R;θ)

s.t.
∑
θ

π(θ)

(
x1(I ,R;θ) +

x2(I ,R;θ)

R̂

)
= e

Let the solution to this problem be denoted by (I ∗,R∗). Once the optimal I ∗ and R∗ are
found, the optimal allocation can be obtained from the uncompensated demand func-
tions.

Since consumers can trade in the credit market, they all choose the bundle with the
highest present value (discounted at the private market interest rate). This restricts the
social planner to offering contracts with the same present value. The social planner can
affect the interest rate prevailing on the credit market by changing the aggregate level
of consumption in the different periods. By distorting the market interest rate away
from the rate of return on the long-term investment, the social planner is able to provide
insurance even in the presence of hidden trades.

4 Efficiency and Financial Stability with Mutual Funds

This section contains the first main result of the paper: Closed-end mutual funds achieve
constrained efficiency without any potential for financial instability when regulated ap-
propriately.

4.1 Competitive Equilibrium

Market structure. There is a competitive mutual fund sector with free entry. Mutual
funds compete by offering consumers bundles of the form c = (c1, c2) in exchange
9 Since there is no uncertainty about the fraction of early consumers in the aggregate, it is never optimal
to liquidate long-term investment or store consumption goods in period one.
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for the initial endowment e.10 All consumers at the same mutual fund, regardless of
their type, receive the same bundle c. The bundle provides consumers with c1 units of
consumption good in period one and c2 units of consumption good in period two. The
bundle may be thought of as a stream of dividends paid by the mutual fund. Consumers
sign a contract with the mutual fund whose contract yields the highest expected utility.
As before, consumers can also borrow and lend in a competitive credit market at an
interest rate R. In addition, mutual funds can trade one-period bonds among themselves
in period one. The price of these bonds is denoted by q.

Consumer behavior. Each consumer solves the following problem.

Problem 4 (Consumer’s Problem in the Mutual Fund Economy).

VMF (c,R;θ) ≡ max
x1,x2≥0

U (x1,x2;θ) s.t. x1 +
x2
R

= c1 +
c2
R
.

Consumers receive a consumption bundle (c1, c2) from the mutual fund that offers the
most attractive contract. Afterwards, theymay trade in the credit market at the prevailing
interest rate R. Consumers facing liquidity shocks borrow against their future income c2
to increase current consumption, while late consumers save some of their current income
c1 (i.e., lend in the credit market). Trade in the credit market allows early consumers to
obtain additional liquidity, over and above the payment of c1 obtained from the mutual
fund.

Mutual funds. A representative mutual fund offers a contract (c1, c2) to maximize
discounted profits, subject to feasibility and participation constraints. The profits—
which are equal to zero in equilibrium—are paid out to the owners of the fund as divi-
dends dt . These dividends should not be confused with the payments to the consumers
that are specified in the mutual fund contract.

Let the equilibrium level of expected utility achieved by consumers be denoted byU .
The participation constraint states that the expected utility obtained by the shareholders
of the fund must be at least U . Since consumers choose the contract with the highest
expected utility, a mutual fund that offered a contract with lower utility would attract no
customers. The feasibility constraints faced by the mutual fund are given by

s0 + k = e

c1 + d1 + s1 + qb = s0 + α(1 − δ)k
c2 + d2 = s1 + b + R̂(1 − α)k

s0, s1,k, c1, c2 ≥ 0,α ∈ [0, 1].

(6)

10 This formulation follows Bhattacharya and Gale (1987, Section 2) and is equivalent the original for-
mulation in Jacklin (1987).
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In period zero, the mutual fund allocates its resources between investment in storage (s0)
and long-term technology (k). In period one, the mutual fund collects the returns from
the storage technology and any proceeds from liquidating long-term investment, with
α denoting the fraction of investment liquidated early. The mutual fund uses these to
finance period one consumption (c1), dividends (d1), new storage (s1), and purchases of
bonds (b). In period two, the mutual fund collects the returns from storage, bonds, and
long-term technology and uses these to finance period two consumption and dividend.

The problem of the mutual fund is given below.

Problem 5 (Mutual Fund Problem: Primal Formulation).

max
c1,c2,d1,d2,
b,s0,s1,k,α

d1 +
d2
R

s.t.
∑
θ

π(θ)VMF (c,R;θ) ≥ U

feasibility constraints in Eq. (6) hold

The key difference from a bank funded by demand deposits is that mutual funds
offer a single bundle, whereas banks offer multiple bundles, and depositors self-select
the appropriate one. With banks, there is no need for trade in the credit market. The
credit market only acts as a friction in reducing the set of contracts that can be offered.
In contrast, the mutual fund arrangement critically relies on trade to provide liquidity
insurance.

Equilibrium. Equilibrium in this economy is defined as follows.11

Definition 4 (Symmetric Equilibrium in the Mutual Fund Economy). An equilibrium
in the mutual fund economy is an allocation

{
xMF
1 (θ),xMF

2 (θ)
}
θ∈Θ together with a price

system {qMF ,RMF }, optimal mutual fund contract {cMF
1 , c

MF
2 }, bond tradesbMF , dividends

{dMF
1 ,d

MF
2 }, physical investment choices {sMF

0 , s
MF
1 ,k

MF ,αMF } and a market utilityUMF

satisfying the following conditions:

• Consumers optimize:

– For all θ ∈ Θ,
{
xMF
1 (θ),xMF

2 (θ)
}
solves Problem 4, taking RMF as given.

– Consumers choose the contract that gives them the highest expected utility.

• Firms optimize:
11As in Farhi, Golosov, and Tsyvinski (2009), I focus on symmetric equilibria. Since both investment
technologies have constant returns to scale, the equilibrium size distribution of mutual funds is inde-
terminate (c.f. Farhi, Golosov, and Tsyvinski, 2009, p. 983). Moreover, bond trades are indeterminate.
Nevertheless, the equilibrium allocation and prices are uniquely determined.
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– The tuple {cMF
1 , c

MF
2 ,d

MF
1 ,d

MF
2 ,b

MF , sMF
0 , s

MF
1 ,k

MF ,αMF } solves Problem 5,
taking qMF ,UMF and RMF as given.

– Optimal entry: representative mutual fundmakes zero profits (d1 = d2 = 0).

• Markets clear:

– Consumption:
∑

θ π(θ)x
MF
1 (θ) = cMF

1 and
∑

θ π(θ)x
MF
2 (θ) = cMF

2 .
– Bond market: b = 0.

I rewrite the problem of the mutual fund in a more manageable form by considering
its dual. The expected utility obtained by consumers depends on the contract offered
by the mutual fund only through its present value, i.e., c1 + c2/R. In equilibrium, firms
make zero profits and hence pay out the complete present value of the fund’s assets to
the consumers. By no arbitrage, the equilibrium price of bonds is equal to q = R−1.
Hence, in equilibrium, the mutual fund’s problem boils down to maximizing the present
value of its physical assets. Once the value-maximizing investment policy is found, the
optimal consumption bundle can be backed out from the feasibility constraints.

All in all, the problem of the mutual fund amounts to the following.

Problem 6 (Mutual Fund Problem: Dual Formulation).

max
s1,k,α

e + s1

(1 − R
R

)
+ k

[
α(1 − δ) + (1 − α)R̂

R
− 1

]
s.t. s1 ≤ (e − k) + αk(1 − δ)
s1 ≥ 0,k ∈ [0, e],α ∈ [0, 1]

The objective function gives the present discounted value of the firm’s physical assets.12

The first constraint ensures that period one consumption is weakly positive, while the
remaining constraints guarantee that the investment policy is feasible. Once the optimal
investment policy (s∗1,k

∗,α∗) is found, the optimal contract (c∗1, c
∗
2) is determined by

c∗1 = e − k∗ + α∗(1 − δ)k∗ − s∗1
c∗2 = s∗1 + R̂(1 − α∗)k∗

4.2 Constrained Efficiency and Regulation

First, unregulated mutual funds are shown to provide no liquidity insurance over what
can be obtained by simply trading claims on long-term investment. In other words,
12 To derive the expression, combine the feasibility constraints in Eq. (6) and impose the equilibrium
conditions d1 = d2 = b = 0.
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without government intervention, the only role of mutual funds is to avoid inefficient
early liquidation.

Proposition 1. The equilibrium interest rate in the mutual fund economy is RMF = R̂,
and the equilibrium allocation coincides with the financial market allocation.

Proof. In the Appendix. □

Since consumers can borrow and lend freely, competition forces the representative
mutual fund to maximize the present value of the consumption bundle that it offers. No
arbitrage then requires the equilibrium interest rate to be equal to the rate of return on
the long-term investment: RMF = R̂. Suppose, say, that RMF < R̂. In that case, mutual
funds would invest all resources in the long-term technology and let consumers retrade
in the credit market if they desire to do so. However, in the aggregate that would leave
no consumption good available in period one, and there would be an excess demand
for period one consumption. When RMF = R̂, consumers face the same consumption
possibilities as in the financial market economy.

This result may seem surprising. The mutual fund arrangement is a linear mecha-
nism, and hence it may seem to be immune to arbitrage that often plagues non-linear
pricing. The inefficiency stems from the fact that there are many competing mutual
funds, each taking the market interest rate as given. If liquidity insurance were pro-
vided by a single benevolent mutual fund, such an inefficiency would not arise.

Following Allen and Gale (2004) and Farhi, Golosov, and Tsyvinski (2009), I now
consider whether a liquidity requirement can be used to restore efficiency. (In Ap-
pendix B, taxing long-term investment is shown to also achieve constrained efficiency.)
To ensure that liquidity requirements can indeed work, I make the following regularity
assumption. The assumption is necessary for liquidity requirements to work for banks,
too, and is not specific to mutual funds.13

Assumption 2 (Monotonicity). Let R∗ denote the equilibrium interest rate in the con-
strained efficient allocation. Then

R∗ ≤ R̂ ⇒
∑
θ

π(θ)c∗1(θ) ≥
∑
θ

π(θ)cm1 (θ)

R∗ ≥ R̂ ⇒
∑
θ

π(θ)c∗1(θ) ≤
∑
θ

π(θ)cm1 (θ),

where “m” stands for the financial market allocation and asterisks denote the con-
strained efficient allocation.
13With taxes, Assumption 2 is not necessary, as shown in Appendix B.
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The assumption states that when the socially optimal interest rate is smaller than the
rate of return on the long-term investment (R∗ ≤ R̂), competitive intermediaries under-
provide liquidity, and vice versa when R∗ ≥ R̂. All preference specifications considered
in the literature that I am aware of satisfy this requirement.14 The assumption is nec-
essary for the simple reason that when the government imposes a minimum liquidity
requirement, any equilibrium interest rate R must be weakly lower than R̂. If R > R̂,
then intermediaries would find it optimal to invest everything in storage, which would
lead to an excess demand for consumption in period two. Thus, in situations in which
markets underprovide liquidity but the socially optimal interest rate is greater than R̂,
liquidity requirements cannot achieve constrained efficiency. Assumption 2 rules out
such cases.

In essence, Assumption 2 requires income effects not to be too large, as shown in
the following sufficient condition. If consumption in period one is a normal good, and
the substitution effect weakly dominates the income effect for all consumers, then As-
sumption 2 holds for all R∗ sufficiently close to R̂.

Lemma 1. Suppose that x1(I ,R;θ) is weakly increasing in I and weakly decreasing in
R for all θ ∈ Θ. Then, Assumption 2 is satisfied for R∗ sufficiently close to R̂.

Proof. In the Appendix. □

I consider two regimes for liquidity regulation. If R∗ ≤ R̂, the government imposes
a liquidity floor, mandating initial investment in storage to be at least ℓ:

s0 ≥ ℓ.

If R∗ ≥ R̂, the government imposes a liquidity cap, requiring s0 ≤ ℓ.
The following Theorem shows that with optimal liquidity requirements in place,

mutual funds can implement the constrained efficient allocation.

Theorem 1. Suppose that Assumption 2 holds and the socially efficient interest rate R∗

satisfies R∗ ≥ 1 and R∗(1 − δ) ≤ R̂. Then, if R∗ ≤ R̂ (resp. R∗ ≥ R̂), the government
can implement the social optimum by setting a liquidity floor (resp. liquidity cap) with
ℓ =

∑
θ π(θ)c

∗
1(θ) where {c∗1(θ), c∗2(θ)}θ∈Θ is the constrained efficient allocation.

Proof. In the Appendix. □

14 The condition holds under corner preferences, discount factor shocks, liquidity shocks, and valuation-
neutral shocks (Farhi, Golosov, and Tsyvinski, 2007, 2009). For the case of discount factor shocks
and liquidity shocks, additional restrictions are necessary, see Farhi, Golosov, and Tsyvinski (2007,
Lemma 2).
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Theorem 1 is a key result of the present paper. Once the pecuniary externality that
stems from hidden trades is corrected, mutual funds achieve constrained efficiency. In-
stitutions that use richer contracts, such as banks offering demand deposits, are not nec-
essary for efficiency. Hidden trades shrink the set of incentive-compatible allocations
by requiring the present value of all consumption bundles to be equal. As a result, it is
enough to give all consumers the same suitable chosen endowment and let consumers
that desire more liquidity borrow in the credit market.

Theorem 1 suggests that the conventional view that Jacklin’s mutual funds are effi-
cient only under special assumptions on preferences should bemodified. In their leading
banking textbook Freixas and Rochet (2008, p. 226) write that

“[...] for more general specifications of agent utilities, Jacklin shows that
equity contracts can be dominated by efficient deposit contracts, yielding a
trade-off between stability and efficiency because deposit contracts can be
destabilized by bank runs.”

In the present model, in contrast, the result that banks and mutual funds are equivalent
is true for general preferences. This result suggests that trading possibilities, not pref-
erences, matter for the distinction between banks and mutual funds. If trade between
consumers is not feasible—perhaps because consumers are spatially separated (Wal-
lace, 1988) or there are other large transaction costs—then the mutual fund mechanism
is also not feasible. Banks do not suffer from hidden trades and achieve second-best
efficiency. If, however, trade between consumers is feasible, then it is difficult to imag-
ine how banks could prevent side trades. Comparing banks and mutual funds while
abstracting from hidden trades may therefore not be economically meaningful. In the
current model, banks and mutual funds are equivalent once hidden trades are allowed.15

More generally, comparing banks andmarkets in Diamond-Dybvig type models without
taking hidden trades into account is problematic.

Theorem 1 requires the socially optimal interest rate, R∗, to satisfy R∗ ≥ 1 and
R∗(1−δ) ≤ R̂. This condition is necessary because liquidity regulation alone may leave
some scope for intermediaries to exploit arbitrage opportunities between storage, early
liquidation and investment in the credit market. Again, this condition is not specific to
mutual funds. Since intermediaries have access to storage and can borrow in a bond
15Although Jacklin is not fully explicit about how the mutual fund economy operates in the case of
smooth preferences (preferences that satisfy the Inada conditions), it seems that the mutual fund allo-
cation analyzed by Jacklin in the setting with trading restrictions is identical to the constrained efficient
allocation of the present paper. This observations explains why Jacklin obtains seemingly different
results when consumers have smooth and corner preferences: With corner preferences, first-, second-
and third-best allocations are all identical, as shown by Farhi, Golosov, and Tsyvinski (2009). With
smooth preferences that satisfy the Inada condition, the three allocations are typically different.
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market, the net interest rate cannot be negative. If social efficiency calls for R∗ < 1, the
government needs to prohibit the use of storage at the interim date. If the market interest
rate were greater than R̂/(1 − δ), then liquidating long-term investment and investing
the proceeds at the market interest rate would yield a greater return than keeping the
long-term investment in place until maturity. Intuitively, whenever R∗ > R̂, markets
provide too much liquidity, and the government wishes to impose a liquidity cap. While
the government can fix the portfolio of the mutual fund at the initial date, the mutual
fund can get around the constraint by liquidating long-term investment in period one.

The assumption that the credit market is frictionless is essential for Theorem 1. Sup-
pose that, instead, all consumers faced a positive probability of not accessing the credit
market, as in Diamond (1997). In that case, mutual funds would not necessarily achieve
constrained efficiency. The mutual fund arrangement relies on trade in the credit mar-
ket to provide liquidity insurance: Early consumers borrow against their future income
to obtain additional consumption. Consumers that are shut off from the credit market
would be forced to consume dividends paid by the mutual fund as they arrive, worsening
risk sharing. While a complete analysis is outside the scope of the present paper, in the
special case of corner preferences, the constrained efficient allocation coincides with
the first best for any level of trading frictions. However, with trading frictions mutual
funds would fail to achieve the first best. Banks, by minimizing the amount of trade
necessary to provide insurance, would have an advantage over mutual funds in such an
environment.

4.3 Financial Stability

In this section, I investigate whether mutual funds have desirable financial stability prop-
erties. For the important special case of corner preferences, equilibrium is shown to be
unique. There is no trade-off between efficiency and financial instability.

For more general preferences, equilibrium cannot be found in closed form, and the
question of uniqueness becomes considerably more difficult. As I discuss in the Internet
Appendix, there are weak conditions that ensure uniqueness when unregulated interme-
diaries provide too little liquidity, the case most typically considered in the existing
literature. When unregulated intermediaries provide too much liquidity, such condi-
tions are more difficult to obtain. However, the Internet Appendix presents evidence
from a numerical experiment indicating that multiple equilibria are not likely to arise
for standard specifications of consumer preferences.

The constrained efficient allocation is now shown to be the unique equilibrium out-
comewhen consumers have corner preferences (see Eq. (3)). Corner preferences capture
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supply for credit
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RMF =
c∗L
c∗E

R′

Figure 2: Equilibrium in the credit market with corner preferences.

an extreme demand for liquidity: Early consumers only derive utility from consuming
in period one. These preferences are very tractable analytically.16 The main reason for
using corner preferences is that equilibrium can be found in closed form.

Proposition 2. Suppose that consumers have Diamond-Dybvig corner preferences and
R∗(1 − δ) ≤ R̂. Then, the equilibrium with optimal liquidity regulation is unique.

Proof. In the Appendix. □

Why are there no financial panics? For one thing, the mutual fund does not promise
to pay a fixed amount to any consumer who wishes to consume early. The mutual fund
only pays dividends. Consumers that wish to obtain additional liquidity can do so by
borrowing against future dividend payments.

Nevertheless, there could still be multiple market-clearing interest rates. Suppose
that for some reason late consumers suddenly decide to only consume in period one:
There is a “run on the credit market.” With corner preferences, that could not be an
equilibrium. The interest rate would spike, and late consumers would want to save by
lending in the credit market, pushing the interest rate back to its equilibrium rate.

Figure 2 illustrates the point. The supply of credit in the economy is provided by late
consumers. Late consumers lend out the dividend paid by the mutual fund in period one,
cMF
1 , as long as the interest rate is strictly greater than one. The demand for credit stems
from early consumers. Early consumers borrow against the future dividend, cMF

2 . Since
16Most of the literature studying bank runs in Diamond-Dybvig type models uses corner preferences
(although not exclusively, see, e.g., Andolfatto, Nosal, and Wallace (2007).)
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the demand for credit is strictly decreasing in the interest rate, the equilibrium interest
rate is uniquely pinned down at RMF = c∗L/c

∗
E . Now suppose that for some reason late

consumers decide to consume more in period one, shifting the supply of credit down to
S′. That would push the interest rate up to R′. However, R′ is necessarily larger than one
(since c∗L > c∗E), and at this interest rate late consumers would wish to lend in the credit
market. This would push the credit supply curve back to its original level.

Proposition 2 is closely related to the well-known result of Green and Lin (2003,
Theorem 1) that the first best can be implemented uniquely in a finite trader version of
the Diamond-Dybvig model without the sequential service constraint. While Green and
Lin analyze an abstract mechanism design problem, I study financial stability properties
of a specific financial institution (closed-end mutual funds). In addition, Proposition 2
does not require the coefficient of relative risk aversion to be greater than unity, as is
the case for Theorem 1 of Green and Lin (2003).

5 Banks and Financial Stability

Mutual funds have desirable efficiency and financial stability properties in the present
model. It is therefore natural to wonder whether mutual funds are better than banks
funded by demand deposits. While both banks andmutual funds can achieve constrained
efficiency, banks may suffer from self-fulfilling bank runs. If a depositor expects all
other depositors to rush to the bank and withdraw early, she may also have an incentive
to withdraw early, leading to a self-fulfilling panic.

However, it turns out that bank runs are not an equilibrium when consumers and
banks can trade with each other. Constrained efficiency can again be achieved as the
unique equilibrium outcome. Hence, given a choice between banks and mutual funds,
a policy maker would be indifferent between the two.

Throughout the section, I assume that consumers have corner preferences as given
in Eq. (3). As a result, the model is just as in Diamond and Dybvig (1983), the only
difference being that consumers and banks can trade with each other. I further assume
that u(0) is finite to ensure that payoffs are always well defined and normalize u(0) to
zero.

As shown by Farhi, Golosov, and Tsyvinski (2009, Theorem 1), with corner prefer-
ences, the constrained efficient allocation coincides with the first best. The first best is
given by c∗2(E) = c∗1(L) = 0 and

u′(c∗E) = ρR̂u′(c∗L) with c
∗
L =

R̂(e − c∗E)
1 − λ , (7)
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where I use the shorthand notation λ ≡ π(E), c∗E ≡ c∗1(E) and c
∗
L ≡ c∗2(L). Since ρR̂ > 1

and u(x) is strictly concave, c∗L > c∗E .

5.1 Competitive Equilibrium

There is a competitive banking sector. The representative bank invests s0 in storage and
k in the long-term technology in period zero with s0+k = e. To focus attention on bank
runs, I take initial investment as given and focus on equilibrium at the interim date. As
with mutual funds, government regulation may be necessary to achieve efficient initial
investment.

The bank funds its investment by issuing demand deposits. The deposit contract
gives each consumer the right to withdraw a fixed amount c1 in period one or c2(ω,R)
in period two where ω ∈ [0, 1] denotes the fraction of consumers withdrawing in period
one. As before, R is the interest rate prevailing in the credit market.

The bank offers every consumer withdrawing early a fixed amount of consumption.
If there are many early withdrawals, the bank may not be able to satisfy all early with-
drawals. In that case, just as in Diamond and Dybvig (1983), consumers are rationed
on a first come, first served basis. Formally, let σ ∈ [0, 1] denote the fraction of period
one withdrawals that can be served by the bank. All consumers withdrawing in period
one receive a ticket t̃ ∈ [0, 1] upon arrival at the bank, where t̃ is a uniformly distributed
random variable. If t ≤ σ , then the consumer receives c1 from the bank; otherwise the
consumer gets zero. As the goal is to show that the very presence of trade rules out runs,
I do not allow the bank to suspend payments.

In the basic Diamond-Dybvig model, the bank is completely passive in period one.
It accommodates period one withdrawals as long as it is able to do so, and then divides
available resources equally among the remaining depositors in period two. In the current
model, the bank can also trade on the credit market and invest in storage. I assume
that the bank’s investment policy is determined by maximizing the present value of its
resources, as that is the only Pareto efficient choice of investment.

Once the investment policy is determined, the bank tries to serve all period one
withdrawals. If the bank is not able to do so, consumers are rationed on a first come,
first served basis as explained above. If some resources are left after serving period one
withdrawals, the bank divides these resources equally among the remaining depositors
in period two, as in the basic Diamond-Dybvig model.
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Banks. The representative bank faces the following constraints:

ωσc1 + s1 ≤ s0 + b + α(1 − δ)k
(1 − ω)c2 + Rb ≤ s1 + (1 − α)R̂k

(8)

Here b denotes the amount borrowed by the bank in period one, s1 is investment in stor-
age at the end of period one, α ∈ [0, 1] is the fraction of long-term investment liquidated
in period one, and δ is the technological cost of early liquidation. Since the banking
system is competitive, each bank takes both the interest rate R as well as the fraction of
consumers withdrawing, ω, as given.

At any Pareto efficient investment policy, both constraints must bind. Dividing the
second constraint by R > 0 and adding up both constraints yields that

ωσc∗E + (1 − ω)c2
R

= s0 +
(1 − R

R

)
s1 + α(1 − δ)k + (1 − α)R̂

R
k . (9)

Again, any Pareto efficient investment policy must maximize the right-hand side of
Eq. (9) as otherwise it is possible to strictly increase the utility of the depositors. Hence,
investment is chosen to solve the following problem.17

Problem 7 (Optimal Investment).

A(R) ≡ max
s1≥0,α∈[0,1]

s0 + s1

(1 − R
R

)
+ α(1 − δ)k + (1 − α)R̂

R
k .

Solving this linear problem shows that

α∗ =


0 if R(1 − δ) < R̂

1 if R(1 − δ) > R̂

[0, 1] if R(1 − δ) = R̂

, and

A(R) =


+∞ if R < 1

s0 +
R̂
Rk if R ≥ 1 and R(1 − δ) < R̂

s0 + (1 − δ)k if R(1 − δ) ≥ R̂

(10)

Given the optimal investment policy, the bank attempts to serve as many early with-
drawals as is feasible. Any remaining assets are distributed equally among the remaining
depositors in period two. Formally, payouts to depositors are determined by the follow-
ing rule.
17 The problem is identical to Problem 6 solved by the mutual fund except that the initial investment is
now taken as given.
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Step 1: Maximize σ ∈ [0, 1] subject to ωσc1 ≤ A(R).
Step 2: Maximize c2 ≥ 0 subject to (1 − ω)c2R ≤ A(R) − ωσ ∗c1, where σ ∗ is the solution

from Step 1.

The rationing rule implies that

σ ∗(ω,R) = min
{
1,
A(R)

ωc1

}

c∗2(ω,R) =

0 if A(R) < ωc1,ω , 1

R[A(R)−ωc1]
1−ω if A(R) ≥ ωc1,ω , 1

(11)

For completeness, let c∗2(1,R) = 0whenA(R) ≤ c1 and c∗2(1,R) = +∞whenA(R) > c1.

Consumers. Consumers take the fraction of depositors withdrawing,ω, and the interest
rate, R, as given when making their decisions. Consumers make two decisions: (i)
whether to withdraw early or late; and (ii) how much to consume in the two different
periods. The decision in (ii) in turn determines howmuch the consumers borrow or lend
in the credit market.

Since consumers have the possibility to trade, their withdrawal decision is deter-
mined by comparing the present value of c∗E and c

∗
2(ω,R) irrespective of their true type.

Formally, suppose that a consumer claims to be early. In that case, her expected utility
(before learning if she is served by the bank) is given by∫ σ

0
V (c1,R;θ) d t +

∫ 1

σ
V (0,R;θ) d t = σV (c1,R;θ),

where V (I ,R;θ) is the indirect utility function. If the consumer claims to be late, her
expected utility is V (c∗2(ω,R)/R,R;θ). From Eq. (11), c∗2(ω,R) = 0 whenever σ ∗ < 1.
Thus, when not all withdrawals can be served, every consumer attempts to withdraw
early. When σ = 1, consumers simply compare c∗E and c

∗
2(ω,R)/R since V (I ,R;θ) is

strictly increasing in I .
For all R > 0, the optimal consumption of the late consumers is

x1(I ,R;L) =


I if 0 < R < 1

[0, I ] if R = 1

0 if R > 1

and x2(I ,R;L) = R[I − x1(I ,R;L)], (12)

while consumption of the early consumers is

x1(I ,R;E) = I and x2(I ,R;E) = 0. (13)

24



Equilibrium can now be formally defined.18, 19

Definition 5 (Equilibrium in the Banking Economy). An equilibrium in the banking
economy, given an initial investment vector (s0,k) and a deposit contract (c1, c2(ω,R)),
is an allocation

{
x∗1(θ),x

∗
2(θ)

}
θ∈Θ, an investment policy (α∗, s∗1), a fraction of early

withdrawals ω∗, a fraction of early withdrawals served σ ∗, and an interest rate R∗ such
that:

• Consumers optimize:

– For all θ ∈ Θ, equilibrium demands xt(I ,R;θ) are given by Eqs. (13) and
(12).

– Withdrawal decisions are optimal: ω∗ > 0⇒ c1 ≥ c∗2(ω
∗,R∗)/R∗.

• Bank’s investment policy satisfies Eqs. (10), (10) and (11).
• Markets clear:

s0 + α∗k = ω∗σ ∗
∑
θ

x1(c1,R
∗;θ) + (1 − ω∗)

∑
θ

x1(c2(ω
∗,R∗)/R∗,R∗;θ).

The definition above is similar to Definition 2 that was used to define the constrained
efficient allocation. The substantial difference is that some promises to depositors may
be unfulfilled, and thus there may be rationing.

As is standard in models of competitive markets, withdrawal decisions, any ra-
tioning, and trade in the credit market all take place simultaneously and must be jointly
consistent in equilibrium. Economically, the key feature of the market is that when con-
sumers and banks trade, they do not trade with a particular counterparty (e.g., a given
consumer does not lend directly to the bank). Instead, trades are matched by a fictitious
Walrasian auctioneer. The auctioneer also ensures that all budget constraints are satis-
fied. While the assumption of such frictionless markets is extreme, it is a natural starting
point for understanding conditions that lead to coordination failures and financial insta-
bility.
18 The equilibrium definition imposes a symmetry condition in that the early and late consumers are as-
sumed to follow the samewithdrawal strategywhen c1 = c∗2(ω

∗,R∗)/R∗. As with Definition 4, although
it is possible to construct equilibria in which different types pursue different withdrawal strategies, that
would not change any of the other endogenous variables.

19 The definition of equilibrium is similar to von Thadden (1999, Section 3), the key difference being
that I consider an equilibrium at the interim date, taking initial investment as given, and allow for the
possibility of early liquidation and rationing of the depositors.
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5.2 Financial Stability

I now show that bank runs do not occur when banks and consumers can trade with each
other, and the constrained efficient outcome is achieved uniquely. To focus attention
on what happens at the interim date, set the initial investment to its constrained efficient
level (s0 = λc∗E and k = (1 − λ)c∗L/R̂).

First, I make the following definition by analogy to the original Diamond-Dybvig
model: The first-best allocation is said to be run prone if it is not feasible to give c∗E to
all consumers at the interim date.

Definition 6. The first-best allocation (c∗E, c
∗
L) is said to be weakly run-prone if c∗E ≤

λc∗E + (1 − δ)(1 − λ)c∗L/R̂ and strictly run-prone if the inequality is strict. The first-best
allocation is said to be weakly run-proof if c∗E ≥ λc∗E + (1 − δ)(1 − λ)c∗L/R̂ and strictly
run-proof if the inequality is strict.

Theorem 2 is the second main result of the present paper. When banks and con-
sumers can trade with each other, the equilibrium is unique—modulus some payoff-
irrelevant indeterminacies—and achieves first best. In addition, early withdrawals are
always satisfied.20

Theorem 2. The equilibrium interest rate and allocation in the banking economy are
unique, and all period one withdrawals are always satisfied (σ ∗ = 1). In addition:

1. If the first-best allocation is weakly run-prone, then the equilibrium interest rate
is R∗ = c∗L/c

∗
E , there is no inefficient liquidation (α∗ = 0), withdrawals are inde-

terminate (ω∗ ∈ [0, 1]), and the resulting allocation coincides with the first best;
2. If the first-best allocation is strictly run-proof, then the equilibrium interest rate

is R∗ = R̂/(1 − δ), all consumers claim to be late (ω∗ = 0), there is inefficient
liquidation (α∗ ∈ (0, λ)) and the resulting allocation is different from the first
best: x∗1(E) > c∗E and x∗2(L) < c∗L.

Proof. In the Appendix. □

First, consider the case when the first-best allocation is weakly run-prone, i.e., when
bank runs are an equilibrium without trade between consumers and banks. In that case,
long-term investment is never inefficiently liquidated, and any pattern of withdrawals
can be sustained when trade is possible. While the pattern of withdrawals is indetermi-
nate, the resulting allocation is pinned down uniquely, and it coincides with the first best.
20 The reason why the first best is achieved even with hidden trades is due to corner preferences (Farhi,
Golosov, and Tsyvinski, 2009).
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Thus, although bank runs are an equilibrium in the original Diamond-Dybvig setup, runs
are no longer possible once trade in a credit market is allowed.21

The reason for why any pattern of withdrawals can be sustained is quite straightfor-
ward. Suppose that the economy is initially in equilibrium, but some late consumers
suddenly decide to withdraw early. If the interest rate does not change, late consumers
wish to save the proceeds by lending in the credit market. But who is on the other side
of the market to absorb this new credit supply? Since the interest rate is fixed, the credit
demand by early consumers is left unchanged. However, the bank must borrow to meet
higher early withdrawals. The new credit supply (from late consumers) is precisely
equal to the new credit demand (from the bank), and hence the credit market remains
in equilibrium. In effect, resources never leave the bank: Late consumers that with-
draw early lend out the proceeds in the credit market, which then channels the funds
back to the bank. One could imagine more complicated—and perhaps more realistic—
arrangements yielding the same outcome. For example, late consumers may withdraw
from bankA, deposit the proceeds at bank B, and bank B could then lend out the cash just
received to bankA in an interbank market, as in Skeie (2008). However, the underlying
economic logic remains the same.

The key question then becomes why the equilibrium interest rate is uniquely de-
termined. The intuition for this result is exactly the same as for why there is a unique
equilibrium in the mutual fund economy (Proposition 2).22 For a financial panic to arise,
it is not enough for late consumers to withdraw early. Late consumers must consume in
period one, i.e., they cannot simply lend out the proceeds in the credit market. However,
if they did so, the interest rate on the credit market would spike. At the higher interest
rate, late consumers would find early consumption less attractive and start lending in
the credit market. That is the exact opposite of the incentives of late consumers in the
original Diamond-Dybvig model. In that model, when more depositors consume early,
the bank depletes its assets, increasing the incentive to consume early.23 This strategic
complementarity is absent in the current environment.

When the first best is run-proof there is also a unique market-clearing interest rate,
21 To be clear, bank runs do not occur in equilibrium in the original Diamond-Dybvig environment when
banks can commit to suspend payments sufficiently quickly. Hence, I have in mind a situation in which
suspension of payments is not feasible. One can microfound the absence of suspension by assuming,
as in Freeman (1988, p. 52) and Ennis and Keister (2006, p. 220), that in period one, consumers can
observe whether or not the bank has run out of funds but not the fraction of people withdrawing. As
a result, consumers would not sign a contract with a suspension of payments clause at the initial date,
since it would not be possible to verify whether they have received the correct payment in period one.

22 The proofs of Proposition 2 and Theorem 2 highlight the formal similarity between the question of
uniqueness in the two economies.

23 Strictly speaking, that is true only up to a point since the Diamond-Dybvig model does not exhibit
global strategic complementarities, see Goldstein and Pauzner (2005).
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but the equilibrium is no longer efficient. That is the case even though initial investment
is socially optimal. The reason for this result is an arbitrage caused by hidden trades, as
explained at the end of Section 4.2. Effectively, the bank finds it optimal to free ride on
period two consumption provided by other banks.

I conclude by discussing the role played by the frictionless competitive credit mar-
ket assumption. Clearly, the market structure considered in this section is extreme. All
transactions and decisions take place simultaneously and are not impeded by any fric-
tions. This feature of the market is part of the reason why the model does not exhibit a
panic equilibrium in which all late consumers stop lending to a particular bank out of a
fear that other late consumers will withdraw early and not lend to that same bank.

Although a careful investigation is outside the scope of the present article, bank runs
may be an equilibrium for other market structures. For example, consider the following
alternative setting. At the beginning of period one, consumers choose whether or not
to withdraw early. Consumers that decide to withdraw early are assigned a ticket, and
withdrawals are served sequentially. As long as the bank has remaining resources, each
withdrawing consumer obtains c∗E . However, before a withdrawing consumer leaves the
bank, the bank offers the consumer to exchange her deposit for a newly issued bond
with a face value of c∗L (i.e., lend c

∗
E at an implied interest rate of c

∗
L/c
∗
E). The depositor

may accept or decline the offer. If she purchases the bond, she becomes senior to late
consumers that did not purchase a similar bond. Once the bank finishes serving all early
withdrawals, the credit market opens.

With this market structure, bank runs are possible. Assume that the first-best al-
location is strictly run-prone, and suppose that a late depositor expects all other late
depositors to withdraw early and not lend to the bank. In that case, the bank runs out of
resources in period one, and no resources are left to pay the promised c∗L in period two.
Hence, the late consumer has a dominant strategy to withdraw early and not lend to the
bank. The existence of such a bank run is not surprising, as the strategic choice faced
by late consumers is the same as in the original Diamond-Dybvig model.24 As in many
other bank run models, it would be possible to design contracts that prevent runs (e.g.,
suspending payments when early withdrawals are too high).
24 The only minor difference is that I have assumed that bondholders are senior to other depositors in
period two while all depositors receive an equal share of the bank’s assets in the original Diamond-
Dybvig model. Also, note that after a bank run, there is no consumption good left in period two.
Hence, the credit market clears at any R ≤ 1.
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6 Conclusions

Financial intermediaries are often viewed as institutions that help investors share liquid-
ity risks. This perspective has proved useful in understanding a wide range of phenom-
ena, including conditions that are conducive to financial instability. At the same time, it
has long been recognized that unobservable side trades (hidden trades) can undermine
risk sharing. With financial markets becoming ever more sophisticated and trading less
costly, the issue of side trades would seem to be an important concern for any account
of liquidity provision by financial intermediaries.

This paper revisited the relationship between liquidity creation and financial sta-
bility in a setting in which consumers facing privately observed liquidity shocks can
make hidden trades. Two main conclusions emerged from the analysis. First, banks
funded by demand deposits are not essential for the efficient provision of liquidity in-
surance. Closed-end mutual funds, when supplemented with appropriate regulation, are
constrained efficient. Second, financial instability does not arise in this model, even
with simple demand deposits without suspension of convertibility.

The key results of this paper are, in essence, irrelevance propositions. Theorem 1
shows that constrained efficiency may be achieved in a variety of ways, and the exact
liability structure of financial intermediaries is irrelevant. If consumers could invest
in the underlying physical assets directly, intermediaries themselves would become re-
dundant. Theorem 2 states that early withdrawals are irrelevant if consumers and banks
can trade with each other in a perfect credit market. Any pattern of withdrawals can
be accommodated, including all depositors withdrawing early. These propositions may
therefore serve as useful benchmarks. For example, financial panics occur in the bank-
ing model of Diamond and Dybvig but not in the mutual fund model of Jacklin in part
because the two models start from different assumptions on what trades are possible.

An intriguing possibility raised by the current paper is that while deposit-funded
banks may have been necessary to provide liquidity in the past, they may no longer be
in a unique position to perform this function in the present. Cochrane (2014) makes this
point:

[...] “liquidity” no longer requires that people hold a large inventory of
fixed-value, pay-on-demand, and hence run-prone securities. With today’s
technology, you could buy a cup of coffee by swiping a card or tapping
a cell phone, selling two dollars and fifty cents of an S&P 500 fund, and
crediting the coffee seller’s two dollars and fifty cents mortgage-backed
security fund.

The current paper abstracted from a number of important reasons why banks may
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fund themselves with demandable debt. These include informational asymmetries (Gor-
ton and Pennacchi, 1990; Jacklin, 1993) and synergies between taking deposits and pro-
viding credit lines (Kashyap, Rajan, and Stein, 2002). The fact that financial instability
does not arise in the model, while it is clearly present in reality, also suggests that the
model is misspecified in important ways. Investigating interactions between trading
possibilities, financial stability and liquidity creation in such more realistic settings may
be a promising research avenue.
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Appendix A Proofs

Proof of Proposition 1

Consider Problem 6. First, since mutual funds can buy bonds at q = R−1 and have
access to storage, R cannot be strictly less than one in equilibrium.

When R = 1, the objective function simplifies to

e + k
[
α(1 − δ) + (1 − α)R̂ − 1

]
,

from which we have that k∗ = e and α∗ = 0, and feasibility implies that s∗1 = 0.
For R > 1, s∗1 = 0 and Problem 6 simplifies to

max
k∈[0,e], α∈[0,1]

k

[
α(1 − δ) + (1 − α)R̂

R
− 1

]
.

The solution to this problem is given by:

• For R ∈ (1, R̂), k∗ = e and α∗ = 0;
• For R = R̂, there are two subcases:

– If δ = 0, then k∗ ∈ [0, e] and α∗ ∈ [0, 1];
– If δ > 0, then k∗ ∈ [0, e] and α∗ = 0.

• For R satisfying R > R̂ and R(1 − δ) < R̂, k∗ = 0 and α∗ = 0;
• For R = R̂/(1 − δ) with δ , 0 and δ , 1, k∗ = 0 and α∗ ∈ [0, 1];
• For R > R̂/(1 − δ) with δ , 1, k∗ = 0 and α∗ ∈ [0, 1].

I now claim that only R = R̂ can be an equilibrium. To see this, suppose that R < R̂

in which case the results above imply c∗ = (0, R̂e). Then, by A1 of Assumption 1, there
exists some type θ for which

lim
c1↓0

[U1(c1, R̂e;θ) − RU2(c1, R̂e;θ)] ≥ lim
c1↓0

[U1(c1, R̂e;θ) − R̂U2(c1, R̂e;θ)] > 0.

Thus, π(θ)x1(R̂e/R,R;θ) > 0 for some θ , and the market for period one consumption
does not clear. Similarly, A2 of Assumption 1 implies that the market for period two
consumption does not clear when R > R̂.

Thus, R = R̂, which implies that x1 + x2/R = x1 + x2/R̂ = c1 + c2/R̂ = e,
where the last equality comes from the mutual fund’s feasibility constraint. Therefore,
the consumer’s problem in the mutual fund economy (Problem 4) coincides with the
consumer’s problem in the financial market economy (Problem 1). Thus, for markets
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to clear we must have (e − k∗) + α∗(1 − δ)k∗ = ∑
θ π(θ)c

m
1 (θ), where (c

m
1 (θ), c

m
2 (θ))

is the solution to Problem 1. When δ > 0, α∗ = 0 and then market clearing gives
k∗ = e −∑

θ π(θ)c
m
1 (θ); when δ = 0, there exists a continuum of values of (α∗,k∗) that

satisfy market clearing. In any case, the aggregate amount of the consumption good
available in period one is uniquely determined since (cm1 (θ), c

m
2 (θ)) is unique for all

types θ by strict concavity ofU (·;θ).

Proof of Lemma 1

Let I(R) denote the value of I solving
∑

θ π(θ){x1(I ,R;θ) + R[I − x1(I ,R;θ)]/R̂} = e.
Using the implicit function theorem, we find that

I ′(R) = −(R̂ − R)
∑

θ π(θ)x1R(·;θ) + I(R) −∑
θ π(θ)x1(·;θ)

(R̂ − R)∑θ π(θ)x1I (·;θ) + R
,

where x1R ≡ ∂x1/∂R and x1I ≡ ∂x1/∂I . At R = R̂, I(R) = e, and so

I ′(R̂) = −1
R̂

*,e −
∑
θ

π(θ)x1(e, R̂;θ)+- ≤ 0.

Denote aggregate consumption in period one by C(R) ≡ ∑
θ π(θ)x1(I(R),R;θ). We

calculate that C′(R) =
∑

θ π(θ) (x1R(·;θ)I ′(R) + x1I (·;θ), ) and thus C′(R̂) ≥ 0. Thus
for R∗ ≥ R̂ and sufficiently close to R̂, we have that

∑
θ π(θ)c

∗
1(θ) = C(R∗) ≥ C(R̂) =∑

θ π(θ)c
m
1 (θ), and vice versa when R

∗ < R̂, as was required to show.

Proof of Theorem 1

Case I: R∗ ∈ [1, R̂]. With the liquidity requirement in place, mutual funds solve Prob-
lem 6 with the additional constraint that

k ≤ e − ℓ.

Following the same steps as in the proof of Proposition 1, we obtain the solution:

• For R ∈ [1, R̂), k∗ = e − ℓ and α∗ = 0;
• For R = R̂, there are two subcases:

– If δ = 0, then k∗ ∈ [0, e − ℓ] and α∗ ∈ [0, 1];
– If δ > 0, then k∗ ∈ [0, e − ℓ] and α∗ = 0.

• For R satisfying R > R̂ and R(1 − δ) < R̂, k∗ = 0 and α∗ = 0;
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• For R = R̂/(1 − δ) with δ , 0 and δ , 1, k∗ = 0 and α∗ ∈ [0, 1];
• For R > R̂/(1 − δ) with δ , 1, k∗ = 0 and α∗ ∈ [0, 1].

I claim thatRMF = R∗ is an equilibrium interest rate. IfR∗ ∈ [1, R̂), then optimization
by the mutual fund directly implies that k∗ = e = ℓ and α∗ = 0. Now R∗ = R̂ can only
be an equilibrium interest rate if

∑
θ π(θ)c

m
1 (θ) =

∑
θ π(θ)c

∗
1(θ) where (c

m
1 (θ), c

m
2 (θ))

is the solution to Problem 1. To see this, note that by the same argument as in the
proof of Proposition 1, the market can clear at R = R̂ only if (e − k∗) + α∗(1 − δ)k∗ =∑

θ π(θ)c
m
1 (θ), or

k∗[1 − α∗(1 − δ)] = e −
∑
θ

π(θ)cm1 (θ).

Since R∗ ≤ R̂, Assumption 2 gives that
∑

θ π(θ)c
∗
1(θ) ≥

∑
θ π(θ)c

m
1 (θ). Suppose that

we had
∑

θ π(θ)c
∗
1(θ) >

∑
θ π(θ)c

m
1 (θ). That would imply

k∗ ≥ k∗[1 − α∗(1 − δ)] > e − ℓ,

a contradiction, since themutual fund faces the constraintk ≤ e−ℓ. Hence,∑θ π(θ)c
m
1 (θ) =∑

θ π(θ)c
∗
1(θ). Market clearing then implies that k∗ = e − ℓ and α∗ = 0.

Hence, for all R∗ ∈ [1, R̂], k∗ = e − ℓ and α∗ = 0 implying that the mutual fund con-
tract is c∗ = (ℓ, R̂(e−ℓ). But at this contract, the problems of the consumers in themutual
fund economy and in the constrained efficient problem coincide. Since (c∗1(θ), c

∗
2(θ))

are uncompensated demands when the consumer has income I ∗ and faces an interest rate
R∗, c∗2(θ) = R[I ∗ − c∗1(θ)]. From feasibility of the constrained efficient allocation,

∑
θ

π(θ)

{
c∗1(θ) +

R[I ∗ − c∗1(θ)]
R̂

}
= e, from where I ∗ = ℓ + R̂(e − ℓ)/R∗.

Thus, the consumers in the mutual fund economy have the same income and face the
same interest rate as in the social planner’s problem, and the solution to that problem is
unique given the strict concavity ofU (·;θ). Hence, R∗ is indeed an equilibrium interest
rate in the mutual fund economy.

Case II: R∗ > R̂ and R∗(1−δ) ≤ R̂. In this case, the government imposes a liquidity
cap and therefore

k ≥ e − ℓ.

Solving Problem 6 with this additional constraint yields

• For R ∈ [1, R̂), k∗ = e and α∗ = 0;
• For R = R̂, there are two subcases:

– If δ = 0, then k∗ ∈ [e − ℓ, e] and α∗ ∈ [0, 1];
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– If δ > 0, then k∗ ∈ [e − ℓ, e] and α∗ = 0.

• For R satisfying R > R̂ and R(1 − δ) < R̂, k∗ = e − ℓ and α∗ = 0;
• For R = R̂/(1 − δ) with δ , 0 and δ , 1, k∗ = e − ℓ and α∗ ∈ [0, 1];
• For R > R̂/(1 − δ) with δ , 1, k∗ = e − ℓ and α∗ = 1.

I again claim that RMF = R∗ is an equilibrium interest rate. If R∗(1 − δ) < R̂, then
k∗ = e − ℓ and α∗ = 0. If R∗ = R̂/(1 − δ) (with δ , 1), then α∗ ∈ [0, 1]. However,
when R = R∗ = R̂/(1 − δ), consumers in the mutual fund economy have the same
income of e − δ(e − ℓ) for all α∗ ∈ [0, 1], which coincides with the income they have in
the constrained efficient allocation (ℓ + R̂(e − ℓ)/R∗). Hence, market clearing requires
α∗ = 0.

Thus, for all R∗ satisfying R∗ > R̂ and R∗(1 − δ) < R̂ the contract offered by the
mutual fund is c∗ = (ℓ, R̂(e − ℓ)) and we can proceed in the same way as above to show
that R∗ is an equilibrium interest rate.

Proof of Proposition 2

Let λ ≡ π(E), c∗E ≡ c∗1(E) and c∗L ≡ c∗2(L). From Theorem 1 in Farhi, Golosov, and
Tsyvinski (2009), the constrained efficient allocation coincides with the first best. Thus,
c∗2(E) = c∗1(L) = 0, and the allocation is determined by u′(c∗E) = ρR̂u′(c∗L) where c

∗
L =

R̂[e − λc∗E ]/(1 − λ). Given the assumptions on u(x) and the fact that ρR̂ > 1, we have
that 0 < c∗E < c∗L < R̂e.

R < 1 cannot be an equilibrium interest rate since mutual funds have access to
storage and can borrow in the bond market. The optimal consumption for the early
types is x1(· ;E) = cMF

1 + cMF
2 /R and x2(· ;E) = 0. Consumption of the late types is

given by:

• If R = 1, x1(· ;L) = z and x2(· ;L) = R(cMF
1 − z) + cMF

2 where z is any number in
[0, cMF

1 + cMF
2 /R].

• If R > 1, x1(· ;L) = 0 and x2(· ;L) = RcMF
1 + cMF

2 .

Let D(R) ≡ ∑
θ π(θ)x1(c

MF
1 + cMF

2 /R,R;θ) denote the aggregate demand for period one
consumption at an interest rate R. Summing up over types, we find that the aggregate
demand correspondence is given by:

• If R = 1, D(R) ∈ [λ(cMF
1 + cMF

2 ), cMF
1 + cMF

2 ].
• If R > 1, D(R) = λ(cMF

1 + cMF
2 /R).

Suppose that the government sets a liquidity requirement with ℓ = λc∗E . There are
two cases to consider.
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Case I: R∗ ∈ (1, R̂]. Since R∗ = c∗L/c
∗
E , this implies that c

∗
E ≥ e, and thus the govern-

ment imposes a liquidity floor. By the same argument as in the proof of Theorem 1, we
have that cMF

1 = λc∗E and c
MF
2 = (1 − λ)c∗L. For equilibrium, we need that D(R) = cMF

1 .
Case R = 1 cannot be an equilibrium since D(1)−cMF

1 ≥ λ(1−λ)(c∗L −c∗E) > 0. Solving
D(R) = cMF

1 for R yields RMF = c∗L/c
∗
E > 1.

Case II: R∗ > R̂ and R∗(1 − δ) ≤ R̂. In this case, c∗ < e and thus the government
imposes a liquidity cap. There are two cases to consider. If R(1− δ) is strictly less than
R̂, the same calculations as above yield RMF = c∗L/c

∗
E .

Now suppose that R = R̂/(1 − δ), δ , 1. In this case

cMF
1 = λc∗E + α(1 − δ)

(1 − λ)c∗L
R̂

cMF
2 = (1 − α)(1 − λ)c∗L

for some level of liquidation α ∈ [0, 1]. For the market for period one consumption to
clear, α must satisfy

λ
λc∗E + α(1 − δ)

(1 − λ)c∗L
R̂

+
1

R̂/(1 − δ)
(1 − α)(1 − λ)c∗L

︸                                                                        ︷︷                                                                        ︸
demand

=

λc∗E + α(1 − δ)
(1 − λ)c∗L

R̂︸                          ︷︷                          ︸
supply

,

which implies that

α∗ = λ

[
1 − R̂

1 − δ
c∗E
c∗L

]
= λ

1 − R̂/(1 − δ)
R∗

 .
Thus, R = R̂/(1 − δ) can only be an equilibrium if R∗ = R̂/(1 − δ) and therefore again
RMF = c∗L/c

∗
E .

Proof of Theorem 2

First note that R < 1 cannot be an equilibrium interest rate since the bank has access
to a storage technology. R(1 − δ) > R̂ also cannot be an equilibrium because then the
mutual fund liquidates all long-term investment, and hence the aggregate endowment
of period two consumption is zero, but demand for period two consumption is positive.
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Thus, in equilibrium, R must satisfy

R ≥ 1 and R(1 − δ) ≤ R̂. (14)

I first prove two preliminary lemmas that characterize optimal withdrawals and the
fraction of early withdrawals served as a function of the interest rate.

Lemma 2. If the first best is strictly run-prone, then:

• for 1 ≤ R < c∗L/c
∗
E , all consumers claim to be late and ω∗ = 0;

• for R = c∗L/c
∗
E , withdrawals are indeterminate and ω∗ ∈ [0, 1];

• for R satisfying R > c∗L/c
∗
E and R(1 − δ) ≤ R̂, all consumers claim to be early and

ω∗ = 1.

If the first best is weakly run-proof, then for all R satisfying R ≥ 1 and R(1− δ) < R̂, all
consumers claim to be late and ω∗ = 0. When δ , 1, for R(1 − δ) = R̂, ω∗ ∈ [0, 1] if
c∗L/c

∗
E = R̂/(1 − δ) and ω∗ = 0 otherwise.

Proof. From Eqs. (10) and (11), we have that for ω , 1 and R satisfying Eq. (14)

c∗2(ω,R) = max
{
0,
R(A(R) − ωc∗E)

1 − ω

}
= max

{
0,
Rc∗E(λ − ω) + (1 − λ)c∗L

1 − ω

}
.

Now
h(R) ≡ ∂

∂ω

[
Rc∗E(λ − ω) + (1 − λ)c∗L

1 − ω

]
=

(1 − λ)(c∗L − Rc∗E)
(1 − ω)2 ,

and thus sign [h(R)] = sign [c∗L/c
∗
E − R].

Case I: First Best Strictly Run-Prone. In this case, c∗L
c∗E
(1 − δ) < R̂. Thus, when

R = c∗L/c
∗
E ,R(1−δ) < R̂. As a result, c∗2(ω,R) is weakly increasing inω forR ∈ [1, c∗L/c∗E),

constant in ω for R = c∗L/c
∗
E , and weakly decreasing in ω for R satisfying R > c∗L/c

∗
E and

R(1 − δ) ≤ R̂. For R ∈ [1, c∗L/c∗E), we have that

c∗2(ω,R) ≥ c∗2(0,R) = Rc∗E + (1 − λ)c∗E
(
c∗L
c∗E
− R

)
> Rc∗E ⇒ ω∗ = 0.

Similarly, for R satisfying R > c∗L/c
∗
E and R(1−δ) ≤ R̂, c∗2(ω,R) ≤ c∗2(0,R) < Rc∗E which

implies ω∗ = 1. Finally, when R = c∗L/c
∗
E , c
∗
E = c∗2(ω,R)/R and thus ω∗ ∈ [0, 1].

Case II: First Best Weakly Run-Proof. In this case, c
∗
L
c∗E
(1 − δ) ≥ R̂, which implies

that c∗L/c
∗
E ≥ R for all R satisfying Eq. (14). Thus, c∗2(ω,R) is weakly increasing in ω for

all R satisfying Eq. (14). The result follows by noting that

Rc∗E + (1 − λ)c∗E
(
c∗L
c∗E
− R

)
≥ Rc∗E,
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which can hold as an equality if and only if c∗L/c
∗
E = R = R̂/(1 − δ), δ , 1.

□

Lemma 3. If the first best is strictly run-prone, then:

• for 1 ≤ R ≤ c∗L/c
∗
E , the bank can satisfy all early withdrawals and σ ∗ = 1;

• for R satisfying R > c∗L/c
∗
E and R(1 − δ) ≤ R̂, the bank can satisfy all withdrawals

if and only if ω ≤ λ + (1 − λ)
c∗L
Rc∗E

, and served withdrawals are given by σ ∗ =

min
{
1, λω + 1−λ

ω

c∗L
Rc∗E

}
for ω > 0 and σ ∗ = 1 if ω = 0.

If the first best is weakly run-proof, then for all R satisfying Eq. (14) the bank can satisfy
all withdrawals, and served withdrawals are given by σ ∗ = 1.

Proof. Fix an R satisfying Eq. (14). Then, A(R) = λc∗E +
1
R (1 − λ)c∗L by Eq. (10). Now

solve for R at which A(R) = c∗E , i.e., the bank can accommodate all early withdrawals:

c∗E = λc∗E +
1

R
(1 − λ)c∗L ⇔ R =

c∗L
c∗E
.

Case I: First Best Strictly Run-Prone. In this case, c∗L
c∗E
(1 − δ) < R̂. Therefore,

for R ∈ [1, c∗L/c
∗
E ], the bank can accommodate all withdrawals and σ ∗ = 1. For R

satisfying R > c∗L/c
∗
E and R(1 − δ) ≤ R̂, the bank can satisfy all early withdrawals if and

only if ωc∗E ≤ A(R). Rearranging yields the expression in the Lemma. Finally, solving
ωσc∗E = A(R) gives the expression for σ ∗.

Case II: First BestWeaklyRun-Proof. In this case, c
∗
L
c∗E
(1−δ) ≥ R̂. Thus, R ≤ c∗L/c

∗
E

always and σ ∗ = 1.
□

We can now prove the theorem. The proof is by considering all possible interest
rates R that satisfy Eq. (14).

Case I: First Best Strictly Run-Prone. Suppose 1 < R < c∗L/c
∗
E . In this case, by

Lemma 2, all consumers claim to be late. Thus, all consumers get RA(R) = Rλc∗E +

(1 − λ)c∗L units of period two consumption. Since R < c∗L/c
∗
E and R(1 − δ) < R̂ by

strict run-proneness, the bank does not liquidate any long-term investment (α∗ = 0) by
Eq. (10). Since R > 1, by Eq. (12), late types consume nothing in period one. Hence,
for the market for first period consumption to clear we must have that

λc∗E︸︷︷︸
supply

= λ
(
λc∗E + (1 − λ)

c∗L
R

)
︸                   ︷︷                   ︸

demand

⇔ R =
c∗L
c∗E
, a contradiction.
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Hence, this case cannot be an equilibrium.
Now suppose that c∗L/c

∗
E < R andR(1−δ) < R̂. In this case, all consumers claim to be

early and obtain c∗E units of period one consumption. Since R(1− δ) < R̂, the bank does
not liquidate any long-term investment. However, since R > c∗L/c

∗
E , not all consumers

are served by the bank. Specifically, from Lemma 3, σ ∗ = λ+ (1 − λ)c∗L/(Rc∗E). Again,
since R > 1, only the early types consume in period one. Hence, for the market for first
period consumption to clear we must have that

λc∗E = σ ∗λc∗E ⇔ R =
c∗L
c∗E
, a contradiction.

Hence, this case also cannot be an equilibrium.
Now suppose that R = 1. This case is identical to the case R ∈ (1, c∗L/c∗E) except that

since R = 1, by Eq. (12), late types are indifferent between consuming in period one and
two. Hence, for the market to clear we must have that, for some z ∈ [0, λc∗E +(1−λ)c∗L],
that

λc∗E = λ
(
λc∗E + (1 − λ)c∗L

)
+ (1 − λ)z ⇔ c∗E = c∗L +

1

λ
z, a constradiction,

since z ≥ 0 and c∗L > c∗E .
Now suppose that R(1 − δ) = R̂, δ , 1. This case is identical to the case R > c∗L/c

∗
E

and R(1− δ) < R̂ except that since R(1− δ) = R̂, by Eq. (10), any fraction of long-term
investment may be liquidated: α∗ ∈ [0, 1]. Thus, for the market to clear, we must have

λc∗E + α(1 − δ)
(1 − λ)c∗L

R̂
= σ ∗λc∗E ⇔ α∗ = λ

(
1 − R̂

1 − δ
c∗E
c∗L

)
,

a contradiction since α∗ < 0 by the assumption that the first best is run-prone.
Finally, suppose that R = c∗L/c

∗
E . In this case, consumers are indifferent between

withdrawing in different periods, and thus ω∗ ∈ [0, 1]. By Lemma 3, all withdrawals
are satisfied, and hence consumers withdrawing early obtain c∗E units of period one con-
sumption and consumers withdrawing late obtain c∗L units of period two consumption.
Since R(1 − δ) < R̂, α∗ = 0. Since only early consumers consume in period one, for
markets to clear, we need that

λc∗E = λ

(
ωc∗E + (1 − ω)

c∗L
R

)
,

which is true for all ω ∈ [0, 1] when R = c∗L/c
∗
E .

Case II: First Best Strictly Run-Proof. For R = 1 we can use the derivation of the
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run-prone case to see that R = 1 cannot be an equilibrium. For 1 < R and R(1− δ) < R̂,
the proof is identical to R ∈ (1, c∗L, c

∗
E) for the run-prone case, and hence such R also

cannot be an equilibrium.
Thus, the only remaining possibility is that R(1 − δ) = R̂. Note that the definition

of strict run-proofness implies that δ , 1. For R = R̂/(1 − δ) < c∗L/c
∗
E by strict run-

proofness, Lemma 2 implies that all consumers claim to be late (ω∗ = 0), and they all
receive RA(R) = R̂

1−δ λc
∗
E+(1−λ)c∗L units of period two consumption. Since R = R̂/(1−

δ), by Eq. (10), any fraction of long-term investment may be liquidated: α∗ ∈ [0, 1].
Hence, for the market to clear in period one

λc∗E + α(1 − δ)
(1 − λ)c∗L

R̂
= λ

(
λc∗E + (1 − δ)

(1 − λ)c∗L
R̂

)
⇔

α∗ = λ

(
1 − R̂

1 − δ
c∗E
c∗L

)
∈ (0, λ).

We then see that the consumption levels are given by

x∗1(E) = λc∗E + (1 − δ)
(1 − λ)c∗L

R̂
> c∗E

x∗2(L) = (1 − λ)c∗L +
R̂

1 − δ λc
∗
E < c∗L

Case III: First Best Both Weakly Run-Prone and Weakly Run-Proof. To finish the
proof, consider the case with c∗L

c∗E
(1 − δ) = R̂, δ , 1. In this situation, we see from

the previous results on the strictly run-prone case that only R = R̂/(1 − δ) can be an
equilibrium interest rate, α∗ = 0 and all ω ∈ [0, 1] can be sustained in equilibrium.
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Appendix B Taxing Long-Term Investment

This appendix shows that constrained efficiency in the mutual fund economy may also
be achieved by taxing long-term investment. The purpose of this exercise is two-fold.
First, taxation has several advantages over liquidity requirements. Taxation can attain
constrained efficiency under weaker conditions on consumer preferences, and it can
do so without worrying about potential multiplicity of equilibria. With optimal taxes,
the unique equilibrium yields the constrained efficient allocation. Second, the taxation
result highlights that the underlying market failure is a pecuniary externality.

Instead of imposing a liquidity requirement, as in Section 4.2, the government now
taxes long-term investment at rate τ . The tax is levied in period zero. The proceeds from
the tax, τk, are returned to the mutual funds in a lump-sum transferT in the same period.
The government’s budget constraint is thusT = τk . Sincemutual funds are competitive,
each mutual fund takes the tax rate on long-term investment and the lump-sum transfer
as given when choosing its investment policy.

With taxation, the constraint faced by the mutual fund in period zero becomes

s0 + k + τk = e +T ,

and so the counterpart to Problem 6 is given by

Problem 8 (Mutual Fund Problem With Taxation).

max
s1,k,α

e +T + s1

(1 − R
R

)
+ k

[
α(1 − δ) + (1 − α)R̂

R
− (1 + τ )

]
s.t. s1 ≤ [e +T − (1 + τ )k] + α(1 − δ)k

s1 ≥ 0,k ∈ [0, e +T ],α ∈ [0, 1]

By imposing a suitably chosen tax rate, the government can implement the con-
strained efficient allocation uniquely. The tax distorts the private rate of return away
from the technological rate of return on the long-term investment and thereby improves
risk sharing.

Proposition 3. Suppose that the socially efficient interest rate R∗ satisfies R∗ ≥ 1 and
R∗(1 − δ) ≤ R̂. Then, the government implements the constrained efficient allocation
uniquely by setting

τ ∗ =
R̂

R∗
− 1 and T ∗ = τ ∗

∑
θ

π(θ)(e − c∗1(θ)),

where {c∗1(θ), c∗2(θ)}θ∈Θ is the constrained efficient allocation.
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Proof. With this choice for τ ∗, the credit market can only clear at R = R̂/(1+τ ∗) = R∗.
Suppose, for example, that we had R ∈ [1,R∗). Then since R(1 − δ) < R∗(1 − δ) ≤ R̂,
Problem 8 is solved by s∗1 = 0, α∗ = 0 and k∗ = e + T . But as in the proof of
Proposition 1, this leaves no consumption good available in period one, and that cannot
be an equilibrium by virtue of Assumption 1. Similarly, if R > R∗ and R(1 − δ) ≤ R̂,
Problem 8 is solved by s∗1 = 0, α∗ = 0 and k∗ = 0which again cannot be an equilibrium.
Interest rates R < 1 or R(1 − δ) > R̂ also constitute an equilibrium: if R < 1, there is
an arbitrage possibility, and if R(1 − δ) > R̂, all long-term investment is liquidated in
period one, and there is no consumption good available in period two.

At R = R∗, the contract offered by the mutual fund satisfies

c1 +
c2
R

= e +T ∗.

Hence, it is enough to show that e +T ∗ = I ∗ where I ∗ is the optimal income in the con-
strained efficient allocation (Problem 3). Since the constrained efficient consumption
bundles have the same present value at R∗,

I ∗ =
∑
θ

π(θ)

(
c∗1(θ) +

c∗2(θ)

R∗

)
.

But then

e +T ∗ = (1 + τ ∗)e − τ ∗
∑
θ

π(θ)c∗1(θ)

= (1 + τ ∗)
∑
θ

π(θ)

(
c∗1(θ) +

c∗2(θ)

R̂

)
︸                           ︷︷                           ︸

=e by feasibility

−τ ∗
∑
θ

π(θ)c∗1(θ)

=
∑
θ

π(θ)

(
c∗1(θ) +

c∗2(θ)

R̂
(1 + τ ∗)

)
= I ∗.

The government budget constraint holds by construction. Uniqueness follows from the
strict concavity ofU (·;θ).

□

Proposition 3 is stronger than Theorem 1 in that Assumption 2 on the structure of
consumer preferences is no longer required. Perhaps more importantly, the equilibrium
is unique, and the government does not need to worry about potential multiplicity.

Why is there a unique equilibrium with taxation while no such result was obtained
with liquidity requirements? With liquidity requirements, the government effectively
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fixes the level of aggregate consumption, while the interest rate is then determined by
market clearing. While aggregate consumption is pinned down in both periods, there
may still be multiple interest rates at which the credit market clears. With taxes, the
equilibrium interest rate is essentially determined by arbitrage, just as in the case with-
out any government intervention. Hence, the government fixes the interest rate at its
socially efficient level. The initial investment in the long-term technology, and thereby
the split of aggregate consumption across periods, is then determined by market clear-
ing. However, since consumers face the same interest rate and have the same income
as in the social planner’s problem, investment by the mutual fund is pinned down, and
hence the complete allocation is fully determined.

Proposition 3 has antecedents in the literature, although the result that taxation can
achieve efficiency uniquely does not seem to have received much attention. Farhi,
Golosov, and Tsyvinski (2009) argue, but do not provide an explicit proof, that the con-
strained efficient optimum can be achieved by imposing a linear tax of investment.25

Sussman (1992) shows that when the government taxes investment optimally, competi-
tive equilibrium in the Diamond-Dybvig model delivers the first-best allocation. Propo-
sition 3 provides a new perspective on why that is the case: In the original Diamond-
Dybvig setup, the constrained efficient allocation coincides with the second-best allo-
cation, which in turn coincides with the first best.

25Grochulski and Zhang (2015) discuss a related optimal taxation result in a model of shadow banking.
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