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Abstract

I analyze the role that asset markets play in the performance and stability
of the run-prone banking sector. Banks insure consumers against privately
observed liquidity shocks. Asset market investments insure consumers against
losses from bank runs. If the probability of a run is small, then banks specialize
fully into the provision of liquidity insurance: They provide a higher degree of
liquidity insurance when compared to the economy with banks alone. If the
probability of a run is high, consumers prefer to invest solely through the asset
market. Insurance against runs provided by the market investment reduces
consumers’ incentives to run. Increased provision of liquidity insurance by
banks has the opposite effect. I derive conditions under which the latter effect
dominates and the probability of a run is higher than with banks alone.

JEL cLASSIFICATION: K44, G21

KEYWORDS: Bank runs; Asset markets; Liquidity; Financial stability; Mech-

anism design
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Non-Technical Summary

Financial arrangements based on liquid liabilities and illiquid assets can be prone to
panic-based runs. Adverse shocks to fundamentals often precede runs. Once a
spiralling liquidity crisis is in place, even solvent institutions may fail. A disruption of
the efficient allocation of savings into investment then ensues. Runs are not
necessarily a thing of the past, as illustrated by a run on the Abacus Federal Savings
Bank in the United States (April 2003) and the recent financial market turmoil

triggered by the crisis in the sub-prime mortgage market.

The mechanisms behind panic-based runs are well-known since Diamond and
Dybvig (1983). They show that bank deposits can provide insurance against privately
observed liquidity shocks. However, the provision of liquidity insurance comes at the
risk of losses due to a panic-based bank run. The reason is that if all depositors at once
demand their withdrawals, the bank will not be able to serve all of them and will fail.
In the short run, there is a mismatch between banks' assets, which are illiquid, and

banks' liabilities, which are liquid.

This classic model is based on a bank in which the consumer deposits all of his
assets in exchange for a bank demand deposit contract. This raises the question:
Would it be better to expand the banking contract to a banking-financial contract in
which a fraction of deposits can be invested in an asset market portfolio? I argue that

market portfolio investment can act as an insurance in the event of a run.

I find that banks have more flexibility in their decisions about investments and
deposit returns in an economy with an asset market. This is for two reasons. First,
banks can adjust their portfolio in the interim period by trading in the asset market.
Second, depositors who lose their bank deposits in the event of a run are insured
through their market investment. This has the following implications for the

performance and stability of the run-prone banking sector.

Banks choose to provide a higher degree of liquidity insurance when
compared to the economy with banks alone for small run probabilities. They fully
specialize into liquidity provision, which constitutes their comparative advantage.

Also, banks economize on liquid asset holdings.
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The stability of banks in the economy with an asset market is determined by
two forces. Insurance against runs provided by the market investment reduces
consumers' incentives to run. Increased provision of liquidity insurance by banks has
the opposite effect. I derive conditions under which the latter effect dominates and the
probability of a run is higher than with banks alone. Thus, there is a tradeoff between

diversification and the risk of runs.

Despite higher instability under the banking-financial contract, diversification
using both bank deposits and market investments is welfare-improving when
consumers are sufficiently risk-averse. A key to implementing this welfare-improving
contract as an equilibrium in an economy with banks and asset markets is to ensure
that consumers use bank withdrawals to satisfy their liquidity needs and not for

trading purposes. I discuss various implementation mechanisms.
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1 Introduction

Financial arrangements based on liquid liabilities and illiquid assets can be prone
to panic-based runs. Adverse shocks to fundamentals often precede runs. Once a
spiralling liquidity crisis is in place, even solvent institutions may fail. A disruption
of the efficient allocation of savings into investment then ensues. Some of the banking
crises which occurred in the past were, at least in part, panic-based.! A recent
financial market turmoil triggered by the crisis in the sub-prime mortgage market
illustrates that maturity mismatch can lead to a confidence crisis also outside the
traditional banking sector. It has been, in fact, compared to an old style bank run.?

The mechanisms behind panic-based runs are well-known since Diamond and Dy-
bvig (1983). They show that bank deposits can provide insurance against privately
observed liquidity shocks. However, the provision of liquidity insurance comes at the
risk of losses due to a panic-based bank run. The reason is that if all depositors at
once demand their withdrawals, the bank will not be able to serve all of them and will
fail. In the short run, there is a mismatch between banks’ assets, which are illiquid,
and banks’ liabilities, which are liquid. This classic model is based on a bank in
which the consumer deposits all of his assets in exchange for a bank demand deposit
contract. This raises the question: Would it be better to expand the banking con-
tract to a banking-financial contract in which a fraction of deposits can be invested
in an asset market portfolio? An investment in a market portfolio cannot provide
liquidity insurance since shocks are observed privately and therefore it is impossible
to write type-contingent insurance contracts. I argue, however, that market portfolio
investment can act as insurance in the event of a run. It ensures positive consumption
regardless of whether or not a consumer is able to recover his bank deposit in the
event of a run. The possibility to insure against runs affects the degree of liquidity
insurance provided by bank deposits, the probability of a run on banks, and welfare.

Competitive financial intermediaries design a banking-financial mechanism (con-

tract) and offer it to consumers in exchange for their endowments. The endowment

LA run on the Abacus Federal Savings Bank in the United States (April 2003) shows that runs are
not necessarily a thing of the past. The run was triggered by rumors of embezzlement. Those turned
out to be false. The crisis spread through the bank’s six branches in New York and Philadelphia.
For more details, see Federal Reserve Bank of Richmond Region Focus (2005). For a summary of
the empirical evidence concerning whether runs are panic-based or fundamentals-based see Allen
and Gale (2007).

2This parallel was drawn by both the Governor of the Bank of England Mervyn King and the
Bundesbank president Axel Weber. See, e.g., Financial Times, ft.com, September 2, 2007.
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can be split between a bank deposit contract and an asset market portfolio. The
former is used for insurance against private-information liquidity shocks and may
be subject to losses from a panic-based run (I refer to the bank deposit part of the
banking-financial contract as a “bank”). The latter is not used for liquidity insurance
and is not subject to runs.

I compare outcomes in the banking-financial economy to outcomes in the economy
with banks alone (my benchmark). The main results can be summarized as follows.
First, I show that for high risks of panic-based runs, consumers prefer to pass up on
liquidity insurance and place all savings in the asset market portfolio. Bank deposits
susceptible to runs simply become too risky. Deposits immune to runs are not offered
since they provide no liquidity insurance and are inferior to the market allocation.

Second, I show that if the probability of a run is small, then banks fully “specialize”
into the provision of liquidity insurance, i.e. banks provide as much liquidity insurance
as the incentive-compatibility constraint allows them to. This implies that when faced
with the same probability of a run, bank deposits provide a higher degree of liquidity
insurance in the banking-financial economy when compared to the economy with
banks alone. The intuition is as follows: The higher the degree of liquidity insurance
provided, the higher is the number of consumers not served by the bank in the event
of a run, ceteris paribus. In the economy with banks alone, those consumers that are
not served end up with zero consumption level. Therefore in the optimum, banks need
to “minimize” the number of consumers they leave behind in a run. By contrast, in
the banking-financial economy, intermediaries are less concerned about the number of
consumers not served in a run since those consumers are insured through the market
investment. Banks can increase liquidity provision.

Third, I find that under some conditions the probability of run in the banking-
financial economy is higher than in the economy with banks alone. The probability of
a run is determined by the contract and fundamentals. There are two effects working
in opposite directions. A higher degree of liquidity insurance provided by banks in the
banking-financial economy increases the incentives of consumers to run since smoother
intertemporal consumption profile reduces the benefits of postponing a withdrawal.
Insurance against runs provided by the market portfolio works towards reducing the
incentives to run. For a range of parameters, consumers prefer smoother consumption
profile to higher banking stability. This is because increasing consumption smoothing
has a first-order effect on welfare.

Despite higher instability under the banking-financial contract, diversification be-
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tween the bank deposits and the market investment is welfare-improving when con-
sumers are sufficiently risk-averse. A key to implementing this welfare-improving
contract as an equilibrium in an economy with banks and asset markets is to en-
sure that consumers use bank withdrawals to satisfy their liquidity needs and not for
trading purposes. Otherwise, the so-called “Jacklin’s critique” would apply (Jacklin
(1987)): If liquidity insurance, i.e. a relatively high short-term return on withdrawals,
leads consumers to arbitrage between banks and markets, then banks must lower this
return until arbitrage is no longer profitable. One way to prevent arbitrage yet pre-
serve liquidity insurance is to impose a fee which discourages using bank withdrawals
for investing in the asset market ex post.

This paper is at the intersection of two literatures, the literature on panic-based
bank runs and the growing literature analyzing the interaction between banks and
markets. The former does not consider the possibility to invest in markets and the
latter does not analyze panic-based runs.

The role of banks that I focus on is the provision of liquidity and maturity trans-
formation.? Following Cooper and Ross (1998) and Peck and Shell (2003), T model
bank runs as chance events: whether or not the bank run happens depends on the
realization of an extrinsic variable, a sunspot. The probability of a run is a fixed,
exogenous parameter of the economy. Bank runs emerge as equilibrium phenomena:
Consumers choose to accept contracts which admit runs provided that the probability
of a run is small.> This is because to eliminate runs, it is necessary to eliminate liq-
uidity insurance and that leads to lower welfare. A common criticism of this approach
is that the probability of a run is exogenous to the contract offered and to fundamen-
tals. In an extension of the baseline model, I consider the case when the possibility
of a sunspot-driven run is linked to the banking contract and fundamentals, following
Ennis and Keister (2003). This enables a comparison between the probability of a
run in the banking-financial economy and the economy with banks alone.’

The analysis in this paper complements the line of literature that focuses on

3 Although banks perform a number of other important functions in the economy (lending, pay-
ments etc.), those are not considered here for the purpose of tractability.

4The literature on the liquidity provision is too extensive to provide a full review here. Allen and
Gale (2007) provide a guide through the existing theoretical and empirical literature on financial
crises. See also von Thadden (1999) for a survey of theories of the intertemporal allocation of funds
through demand deposits and markets.

®Cooper and Ross (1998) show that this is the case for demand deposits and Peck and Shell
(2003) consider a broad set of contracts.

b An alternative approach would be to consider purely fundamentals-driven runs (Goldstein and
Pauzner (2005)). For more on the determination of the probability of a run see Section 5.
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mechanisms that can eliminate bank runs in the economy with banks alone. Credible
suspension of convertibility or deposit insurance schemes were shown to be welfare-
improving measures that address the problem of runs. Papers analyzing suspension
schemes and the role of sequential service include, e.g., Wallace (1988, 1990) and
Green and Lin (2003). The importance of credibility is highlighted in Ennis and
Keister (2007). Optimal design of these measures is crucial for their effectiveness

T Moreover, deposit insurance can contribute to instability of

in preventing runs.
banks by encouraging moral hazard of bank managers (see Cooper and Ross (2002)
for a theoretical argument and Demirgii¢-Kunt and Detragiache (2002) for empirical
evidence). This paper considers consumers’ portfolio diversification as an alternative
welfare-improving mechanism.

This work is also related to research on the interaction between banks and mar-
kets. Diamond (1997) examines the effects of financial development in a model with
restricted participation in the asset market. Restricted participation leads to market
illiquidity in the economy with markets alone. Adding banks to such an economy
enhances the supply of liquidity to the asset market. In a recent paper, Allen and
Gale (2004) build a model of a complex financial system and use it for evaluating
government intervention and regulation of liquidity provision. They find that as long
as markets are complete, there is no scope for welfare-improving government inter-
vention to prevent financial crises.

The remainder of the paper is organized as follows. In Section 2, I describe the
model. In Section 3, I characterize asset market equilibrium and I formulate the
problem of financial intermediaries in the banking-financial economy. In Section 4,
I present and discuss the results assuming that the probability of a run is fixed. In
Section 5, I extend the baseline model and allow the probability of a run to vary
depending on the contract offered. I compare the probability of a run in the banking
and banking-financial economy. In Section 6, I discuss implementation of the optimal

contract. I conclude in Section 7. All proofs are in Appendix.

2 The Model

There are three time periods, t = 0,1, and 2, and a single homogeneous good. Con-

sumption and asset returns are measured in terms of the good. There is no aggregate

"For example, a run on the Northern Rock bank in the United Kingdom in September 2007
occured because deposits were not covered fully and the pay out could take up to several month.
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uncertainty about fundamentals of the economy.

2.1 Consumers

There is a [0, 1] continuum of consumers, each lives for three periods. Every consumer
has an endowment of 1 unit of the good in period 0.

Ex ante (as of period 0), consumers are identical. In period 1 consumers receive an
idiosyncratic liquidity shock which causes some of them to become “early” consumers
(they only value period-one consumption, u = u (¢1)) and some “late” consumers (who
only value period-two consumption; if they receive good early they can costlessly store
it, u = u(c; + ¢2)). A consumer’s realized type is private information. Probability
of being an early type is A > 0 (thus, probability of being a late type is (1 — A)).
As is standard in the literature, I invoke the “law of large numbers” convention and
assume that the cross-sectional distribution of types is the same as the probability
distribution A. Hence, \ is also the fraction of consumers in population who face an
urgent liquidity need in period 1.

Individuals maximize expected utility of consumption. Let u(c;) denote utility
of a consumer in period t. The function u (c) is twice continuously differentiable,
strictly increasing, and strictly concave. Moreover, u (0) = 0 and the coefficient of

the relative risk aversion pp is greater than 1 for ¢ € [1, R].®

2.2 Asset Structure

There are two real assets in the economy: a short-term (liquid) asset and a long-term
(illiquid) asset. A short-term asset is represented by the costless storage technology:
it offers a return equal to 1 after one period. A long-term asset yields a return equal
to R > 1 after two periods. Note that the long-term asset is more productive than
the short-term asset over the long-run. If the long-term asset needs to be liquidated
in period 1, it can be sold in the asset market at the prevailing market price P;. In an
economy without the asset market, I assume that there exists a liquidation technology
such that liquidation yields a fixed return L. I let L be equal to the corresponding P;
when solving the model to facilitate the comparison of outcomes in economies with

and without the asset market.

_ (etb)'r—bimr

8The following utility function satisfies these properties, for example: u (c) = , b >
0, p > 1+b. Note that I cannot use the constant-relative-risk-aversion utility function u (¢) = Cll__;;: ,
where pp > 1 is the coefficient of the relative risk aversion. This function does not satisfy u (0) = 0.
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Constant returns to scale technology allows consumers/financial intermediaries to
transform one unit of the good into one unit of the short-term or long-term asset in

period 0. Short sales are not allowed.

2.3 Financial Intermediaries

In period 0, financial intermediaries design a banking-financial mechanism, which I
call a banking-financial contract. The deposits can be split between a bank deposit
contract and an asset market portfolio. The former is used for insurance against
private-information liquidity shocks and may be subject to losses from a panic-based
run. The latter is not used for liquidity insurance and hence is not subject to runs.

I assume that financial intermediation industry is perfectly competitive.” Thus,
in equilibrium, intermediaries make zero profits and their objective is to maximize
the expected utility of depositors. Intermediaries offer consumers a banking-financial
contract in exchange for their endowments. The contract specifies: 1) a split of the
endowment between bank deposits and an asset market portfolio; 2) a composition
of the market portfolio; 3) a composition of the banking portfolio; and 4) period-one
and period-two returns on bank deposits.

There are no asset markets in period 0. In period 1, an asset market opens
in which the short-term and the long-term assets can be traded. Hence, once the
private-information shock is realized, a consumer can request a portfolio rebalancing
transaction.

Banks offer demand deposits. Following Freeman (1988), I assume that depositors
cannot observe the pattern of withdrawals until period 2. It follows that they would
not accept any contract which makes payments contingent on the depositor’s place
in line since they cannot verify that the payment is correct. Thus, banks promise
a fixed return to any depositor withdrawing in period 1. Banks stand up to this
obligation unless they have run out of funds.!® In period 2, whatever is left in the
bank is divided equally among the remaining depositors. Banks can access the asset

market in period 1 and readjust their portfolio holdings depending on their liquidity

90One can apply the analysis either to a competitive financial intermediation sector or a single
competitive intermediary (since intermediaries are homogeneous). For consistency, I will use the
former label throughout the paper.

Diamond and Rajan (2000, 2001) show that demand deposit structure can arise endogenously
as a commitment device for bankers to repay depositors who have otherwise no skills to collect
investments made by banks. In an earlier contribution, Calomiris and Kahn (1991) argue that
sequential service provides incentives for depositors to monitor bankers.
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needs.

After consumers have made their deposits, the so-called “post-deposit game” be-
gins. Each individual learns his type at the beginning of period 1 and decides whether
to withdraw his bank deposit in period 1 or in period 2. Early types withdraw in
period 1. Late consumers have a choice to withdraw in period 1 or in period 2. Banks
always offers a contract which is incentive-compatible, i.e. a late consumer’s payoff
from withdrawing in period 2 is higher than his payoff from withdrawing early given
that all other late consumers wait until period 2 to withdraw. Following most of the
literature, I look at symmetric, pure-strategy equilibria to the game played by late
consumers.

Two types of equilibria are possible. In the “no run” Nash equilibrium, early
consumers withdraw in period 1 and late consumers wait until period 2 to make their
withdrawals. However, whenever the bank chooses an incentive-compatible contract
such that if all depositors showed up at the bank in period 1, it would not have enough
resources to pay off the promised return to everyone, there exists another, bank run,
Nash equilibrium. The reason is that if a late consumer believes that all other late
consumers will try to withdraw in period 1, it is in his best interest to withdraw, too
(and store the good to consume it in period 2). If he waited until period 2, his return
on the bank deposit would be zero (the bank runs out of funds by the end of period
1). When a late consumer chooses to withdraw from the bank in period 1, I say that

he “runs”. I present the definition of a bank run equilibrium below.

Definition 1 Panic-based bank run equilibrium is a Nash equilibrium to the post-
deposit game such that each late consumer finds it optimal to withdraw in period 1
because he believes that all other late consumers will withdraw in period 1 and hence
the bank will run out of funds in period 1. Thus, both types withdraw from the bank

wmn pertod 1.

Intermediaries can always offer a contract which is immune to runs (the so called
run-proof contract). However, I will show that this contract provides no liquidity
insurance. Under the run-proof contract, the expected payoff of a late consumer from
withdrawing in period 2 is at least as high as his expected payoff from withdrawing
in period 1 regardless of when other late consumers make their withdrawals. This
induces a unique (no run) equilibrium in the post-deposit game.

Whenever there are two equilibria to the post-deposit game, we need a device

that will coordinate consumers’ actions. A common approach in the literature is to
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assume an existence of a publicly observed sunspot signal.!! After consumers have
made their deposits, a number ¢ is drawn from a uniform distribution on [0, 1]. The
draw itself is unrelated to any other variable in the economy. Given o, late consumers

behave according to the following decision rule:

run if o < 7,

don’t run otherwise

for some number 7 € [0, 1]. Variable 7 is the probability of a run outcome. Naturally,
a run-proof contract induces m = 0 and the sunspot realization is ignored by individ-
uals. Note that depending on the realization of o, there are two possible states of the
world in period 1: a no run state (¢ > ) and a run state of the world.

For now, I assume that 7 as a fixed, exogenous parameter of the economy following
Peck and Shell (2003). Banks take 7 as given when choosing the optimal contract and
consumers have rational expectations of the following form: They expect a bank run
with exogenous probability m whenever the banking contract admits a run equilibrium.
In Section 5, I allow 7 to vary depending on the properties of the contract offered
and fundamentals of the economy.

The timing of events is summarized in Table 1, p. 31.

3 The Banking-Financial Economy

In this section, I first characterize an asset market equilibrium in period 1. The price
of the asset will depend on the amount of liquidity in the market, following Allen and
Gale (1994).12 T then formulate the problem of financial intermediaries in period 0.
I am using the following notation. Let W denote a fraction of the consumer’s
endowment that is invested in a market portfolio. Let a be a fraction of this amount
invested in the short-term asset in period 0 (the remaining fraction is invested in the
long-term asset). Let 8 be a fraction of bank deposits invested in the short-term asset
in period 0. Let ¢ and ¢ denote multiples of the period-one return and period-two

returns on demand deposits, respectively.'® Let 6 denote a state of the world in period

For the analysis of the sunspot equilibrium concept in general and how sunspots can be used
to select among multiple equilibria in particular, see the seminal paper by Cass and Shell (1983).

2In the paper, they study an economy populated by heterogeneous consumers with Diamond-
Dybvig preferences and examine volatility of asset prices in financial markets.

131.e. a consumer is entitled to withdrawing an amount equal to (1 — W) ¢ from the bank in

period 1. The period-two return on the withdrawal from the bank is equal to (1 — W) c&.
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1, where 6 € {no run, run}.

3.1 Asset Market Equilibrium

The asset market opens in period 1, after private-information shocks are realized. I
normalize the price of period-one consumption to 1. It is easy to show that the price
of the short-term asset coincides with the price of period-one consumption and is
equal to 1.! Let P, (f) denote the price of one unit of the long-term asset in terms
of the period-one consumption in state #. I assume that consumers and banks know
and take as given price function P;.

Consumers adjust their individual portfolio holdings given their type. Banks ad-
just their portfolio holdings given liquidity demand they face in period 1. In particu-
lar, if upon covering all the withdrawals in period 1, banks still have some short-term
asset holdings (i.e. 8 — AcP > 0), they can use them to acquire more long-term asset
in the asset market. On the contrary, if banks run out of the short-term asset before
serving all withdrawals, they can acquire more liquidity in the asset market by selling
off some or all of their long-term asset holdings.'® Price P; (f) must then clear the
asset market.

Before trading begins, each consumer holds a portfolio («,1 — «) and banks hold
an (aggregate) portfolio (5,1 — (). For now, I assume that aggregate holdings of the
short-term and long-term asset are positive and that P, (f) < R. I prove that this
is indeed the case below (Proposition 1). It is easy to see that for any P, > 0, early
consumers offer their entire long-term asset holdings for sale. Let v (P;), 0 < v (P;) <
1, denote a fraction of the long-term asset holdings banks need to liquidate in period
1. Note that v = 1 in case there is a bank run. Let S be the total amount of the

long-term asset early consumers and banks supply to the market in period 1. Then,
S=A1-a)W+~(P)1-p5)(1-W).

For P, < R, late consumers keep their initial long-term asset holdings until pe-
riod 2. They may choose to acquire more long-term asset using their short-term
asset holdings. Let a(P1), 0 < a(P;) < 1, be the optimal fraction of the short-

term asset holdings to be sold. The remaining part of the short-term asset hold-

11 thus talk about the short-term asset and period-one consumption interchangeably.
5Once the bank runs out of the short-term asset, it gives out “slips”, i.e. promises of ¢, to
consumers. This way, it finds out how much more liquiditty it needs to acquire.
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ings, (1 —a(P))aW > 0 is reinvested for one more period. Similarly, let b(P;),
0 < b(P;) <1, be the optimal fraction of the banks’ excess short-term asset holdings
to be sold, with b(P;) = 0 whenever 3 — Ac? < 0. Note that a (P) = b(P;) = 1
if P, < R; and a(F;) € [0,1] and b(P;) € [0,1] if P, = R. Let D denote the total

amount of the short-term asset supplied to the asset market:
D=(1-XNa(P)aW +b(P) (8= Act) (1—W).

The price that clears the market is given by

i.e. the value of period 2 claims in period 1 has to equal to the value of period 1
claims in period 1.

I denote the equilibrium price of the long-term asset in the no run state of the
world by P;. T use Pl to denote the equilibrium price of the long-term asset in the
run state of the world. In the run state of the world, banks liquidate their entire
long-term asset holdings (superscript L stands for “liquidation”) and v = 1.

The next proposition provides characterization of an asset market equilibrium.

Proposition 1 An asset market equilibrium satisfies the following properties: 1) the
aggregate amount of the long-term assets held in period 0 is positive; 2) the aggregate
amount of the short-term asset held in period 0 is positive; 3) Py (0) < R for all 6; /)
it must be the case that P, > 1 and PF < 1.

Given the expectations about the equilibrium price, it is optimal for consumers
and banks to diversify their portfolios in period 0 by investing in both the short-term
and the long-term asset.!® The equilibrium price then reveals whether the state of
the world is “run” or “no run”. Moreover, the long-term asset is more valued in the

“no run” state of the world, PF <1 < Py,

3.2 Banking-Financial Contract

Intermediaries take prices as given and choose a,, W, 3, and demand deposit multiples

(cf ,cB ) to maximize the expected utility of consumers. Let A denote a proportion

16 Aggregate asset holdings are uniquely determined whereas individual asset holdings are not. I
assume that the asset holdings are the same among consumers and banks, respectively.
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of consumers who get ¢ before the bank runs out of funds: A\ = min {
- 1

c? > 0. Intermediaries’ optimization problem (BF P) is formulated below:!”

max (1 —m) [Au(cr) + (1= A u(ea)] +7A [Mu(f) + (L =N u(c3)] (BFP)

B .B
a,W,B,cy ¢

7 (1=2) Pu () + (1 =N u ()] subject to

0<a<1,0<B<1,0<y<1L,0<W<T,

OAZPIR 3¢ A\eB — 8> 0

B Y
C2 = |:B_}jclB +1_6:|R 5 (RO)
+ otherwise
ey < e (I1CC)

With probability (1 — 7) there is no bank run in period 1. Variables ¢; and ¢, repre-
sent the total consumption of an early and late consumer, respectively, in the no run
state of the world. With probability 7 a bank run occurs in period 1. If a bank run
occurs and a consumer is served, his consumption is equal to ¢; if he is an early type
and c5 if he is a late type. In case there is a run and a consumer is not served, his
consumption is determined solely by the return on his market portfolio. I let ¢¥ and
¢ denote consumption allocations of an early and late type, respectively, for this
case.

I summarize the definitions of the total consumption allocations below:

a=[a+1—a)P]W+(1-W)cB,
CZ:[(%4_1_@)R+(1—a)a]W+(1—W)CzBa
w [<%+1_Q>R+(1—a)a}W+(1—W)CJ13,
= o+ () PEW (1= W),
C§Z<Pi%+1_a)RW+<1_W)C?’
N =lo+(1
N

2

The resource constraint (RC') simply states that all funds that are in the bank in
period 2 are divided evenly among the late depositors. The incentive-compatibility
constraint (/CC) is defined in terms of total consumptions of a late consumer (it

includes the corresponding return on the market portfolio).

17"The first-order conditions for this problem are in the Appendix, p. 26.
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In the economy with banks alone, the asset market is non-existent and the optimal
contract is a triple { B,cP, CQB}. In this case, banks must make sure that they have
enough liquidity to at least cover period-one withdrawals, 5 —AcP > 0, as they cannot
acquire more liquidity in the asset market. If banks choose to hold excess liquidity,
they can costlessly store the unused balances until period 2. In the event of a run,
they can liquidate their long-term asset holdings at a fixed value equal to P < 1.

Run-proof banking-financial contracts are contracts such that it is a dominant
strategy for a late consumer to wait until period 2 to withdraw from the bank. I
denote the run-proof banking-financial problem by (RPF). I let cI*f and ¢}’ denote
the returns on run-proof deposits. Financial intermediaries maximize the following
objective function:

max A (er) + (1= M) u(e) (RPF)

RP .RP .RP
o, W8 et e

subject to the set of constraints in problem (BFP), cI* > 0, and the run-proof
constraint:

ot <B+(1-p8) P

The constraint states that the expected payoff of a late consumer from withdrawing
in period 2 is at least as high as his expected payoff from withdrawing in period 1
regardless of when other late consumers make their withdrawals. Thus, there is only

one, no run, equilibrium to the post-deposit game.

4 Results and Discussion

Given consumers’ preferences and asset structure, I now ask: What are the properties
of the first-best allocation in an economy in which the realization of the idiosyncratic
liquidity shock (early/late) is publicly observable? I consider a problem of a social
planner who chooses how to split consumers’ endowments between a short-term and
a long-term asset to maximize consumers’ expected utility. Let ¢/ and c¢f? be
optimal period-one and period-two consumption allocations, respectively. In the next
Lemma, I state the result that is well-known in the literature since Diamond and

Dybvig (1983).

Lemma 1 In the first-best allocation, there is a demand for ex ante liquidity insur-

ance (a cross-subsidy between early and late consumers), i.e. ci'® > 1 and cf'? < R.
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The optimal allocation exhibits preference for a higher period-one consumption
at the expense of a somewhat lower period-two consumption. Risk-averse consumers
want ex ante insurance against the “bad luck” of becoming early consumers in period
1. Note that the allocation ¢; = 1 and ¢; = R is feasible but is not chosen.

Let us return to the case when liquidity shocks are observed privately. If the
probability of a run 7 is set to be zero, bank deposit contract alone can implement
the first-best allocation. Hence, for 7 = 0, consumers choose to exchange their entire
endowment for the bank deposit contract. What happens if the probability of a run
is greater than zero? Next Proposition shows that in an economy where runs are
a possibility, a mechanism which allows for an asset market investment is welfare-

improving.

Proposition 2 Suppose a bank run is possible, i.e. m > 0. If consumers are suffi-
ciently risk-averse, they are better off in the banking-financial economy as compared

to the economy with banks alone.

The intuition behind Proposition 2 is as follows. Consider the economy with
banks alone. If consumers are not served by the bank in the event of a run, their
consumption is equal to zero regardless of their ex post type. When consumers are
sufficiently risk-averse, they can achieve a large increase in their utility by investing
even a small amount in an asset market portfolio. Of course, decreasing the amount
deposited with banks leads to a relatively less smooth intertemporal consumption
profile. However, this utility loss is small compared to the gains from ensuring that

consumption is positive in all states of the world.

Proposition 3 Consider a run-admitting banking-financial contract. If the probabil-
ity of a run m is sufficiently high, then the entire endowment is invested in the market

portfolio, i.e. the contract specifies W* = 1.

What consumption profile are consumers able to achieve if they invest their entire
endowment in the asset market? It is easy to show that the asset market allocation
has ¢; = 1 and ¢, = R. Liquidity insurance is impossible to achieve in the competitive
market since type-contingent insurance contracts cannot be written. The intuition
behind Proposition 3 is as follows: As the probability of a run increases, bank deposits
become more risky. For small run probabilities, it is optimal to take advantage of
liquidity insurance offered by bank deposits by investing part of the endowment in

bank deposits and the rest in the market portfolio. However, for high run probabilities,

ECB

Working Paper Series No 845
December 2007

|9



ECB

it is optimal to pass up on liquidity insurance and invest everything in the market
portfolio.

I now consider the case of a run-proof banking-financial contract.

Proposition 4 The optimal run-proof banking-financial contract is weakly dominated
by the contract which specifies that the entire endowment be invested in the market
portfolio, 1.e. W* = 1.

The formal proof is in appendix. Intuitively, the reason to deposit with banks is
to acquire ex ante liquidity insurance. Since a run-proof contract eliminates liquidity
insurance to prevent runs, it offers no advantage over the asset market allocation.
More precisely, consumers’ investment is immune to runs regardless of whether they
invest in the market portfolio or deposit with the run-proof bank. If consumers invest
the entire endowment in the market portfolio, early types are guaranteed ¢; = 1 and
late types are guaranteed co = R. To be run-proof, any contract must have ¢; < 1
and co > R. Thus, it cannot deliver higher utility than the asset market allocation.

Propositions 3 and 4 together imply that there exists a threshold level of the
probability of a run such that for all run probabilities above this threshold, the optimal
allocation has ¢; = 1 and ¢, = R and liquidity insurance is no longer provided.

I now examine properties of the run-admitting banking-financial contract along

two dimensions: banks’ portfolio holdings and the provision of liquidity insurance.

Proposition 5 If the probability of a run is sufficiently small, then banks hold no
excess liquidity, i.e. A\cP — 3> 0.

The long-term asset is more productive than the short-term asset over the long
run. However, holding substantial amounts of the long asset is costly in the run state
of the world since banks need to liquidate their entire holdings. When the probability
of a run is small, banks can invest freely in the long asset. If they need to acquire
more liquidity in the no run state of the world, they can sell some of their long-term
asset holdings at a favorable price P, > 1.

Next Proposition gives the conditions under which banks in the banking-financial

economy choose to fully specialize into the provision of liquidity insurance.

Proposition 6 Suppose that a consumer’s endowment is split between the bank de-
posit and the market portfolio, i.e. W* < 1. If 7 is sufficiently small, incentive-

compatibility constraint (1CC') must bind in the optimum.
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In other words, banks provide as much liquidity as enabled by the incentive-
compatibility constraint. Note that the fact that (/CC) binds implies that ¢? = ¢
in the optimum. It is straightforward to show that incentive-compatibility constraint
never binds in the optimum of the economy with banks alone, i.e. ¢ < ¢f. Thus, we

have the following corollary.

Corollary 1 Suppose that the optimal contract has W* < 1. If 7 is sufficiently small,
bank deposits provide a higher degree of liquidity insurance in the banking-financial

economy when compared to the economy with banks alone.

Note that banks are able to provide more liquidity insurance without holding
excess liquidity for small run probabilities (Proposition 5). This is only possible due
to the presence of an asset market where additional liquidity can be acquired when

needed.

5 Probability of a Run

In this Section, I investigate how presence of the asset market affects banking sector
instability. The goal is to compare the probability of a run that banks face in the
economy with banks alone to that in the banking-financial economy. To do so, I
abandon the assumption of the fixed probability of a run maintained so far. The
probability of a run is now influenced by the contract intermediaries offer.

Two alternative ways to tie the probability of a run to the contract and fundamen-
tals emerged in the literature so far. Goldstein and Pauzner (2005) use global games
methodology, following Carlsson and van Damme (1993) and Morris and Shin (1998),
to pin down a unique equilibrium in the post-deposit game. This approach requires
introducing a continuum of noisy signals about fundamentals. A consumer’s signal
not only conveys information about the fundamentals but also about what other con-
sumers will do. Depending on the signal realization, a late consumer decides whether
or not to run on the bank. For a range of fundamentals, a different proportion of late
consumers runs on the bank. Applying this approach to the environment considered
in this paper would lead to a dramatic increase in the number of states of the world
in period 1. The demand for liquidity and thus asset prices would differ across each
of these states. This would complicate the analysis and make it difficult to derive

analytical results.
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An alternative approach was developed by Ennis and Keister (2003).'® They
modify a concept of risk dominance, used as an equilibrium selection mechanism in
Harsanyi and Selten (1988), to link consumers’ beliefs about the likelihood of a run
to the parameters of the contract. There are only two states of the world in period
1: either all late consumers run or none does. The probability of a run depends on
relative payoffs late consumers get under different scenarios (run/no run, served/not
served). As there are only two states to consider, this approach offers a simpler way
to model probability of a run in an environment with both banks and markets while
still providing a link to the contract and fundamentals. Since my goal is a comparison
between an economy with and without an asset market and not the determination of
the probability of a run per se, I follow this approach here (see also Remark 3, p. 24).

The intuition behind the determination of the probability of a run is as follows:
A late consumer has to decide whether or not to run on the bank. Running is only
optimal if other late consumers run, too. This is the essence of panic-driven runs.
Given that a late consumer does not know whether others will run, his incentive to
run is related to his beliefs about how likely it is that other late consumers will run. I
am looking for a cutoff level of a late consumer’s beliefs about actions of others such
that he is exactly indifferent between running and not running. The higher is the
incentive to run, the higher is the ex ante probability of a run 7 that intermediaries
face.

A technical device used to formalize a relation between 7 and the parameters of
the contract is the so-called risk-factor of the run equilibrium, denoted by ¢. The risk-
factor represents how “risky” running is from the point of view of a late consumer.
The riskiness stems from the fact that he does not know what other late consumers
will do.

The risk-factor ¢ is determined as follows. Consider a contract (oz, W, B,cP,cB )
offered by financial intermediaries in period 0. Let ¢ denote a late consumer’s prior
belief about the probability that all other late consumers will run in period 1. For
& = ¢, a late consumer is indifferent between withdrawing in period 1 and period 2,
i.e. the risk-factor is a cutoff level of ¢ such that for all £ > ¢ running is the unique
optimal action.

I use ¢®* to denote the risk-factor of the run equilibrium in the banking-financial

18Tn the paper, they study how a possibility of a bank run affects capital formation and economic
growth.
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economy. It is determined by the following equation:

o [du(e3) + (1= Y u ()] + (1= 0" u(w") = 6" u (&) + (1= 0"") u(ea).

The left hand side is a late consumer’s expected payoff of running when he believes
that with probability ¢?% all other late consumers will run. The right hand side gives
the expected payoff of waiting until period 2 given the same belief. Rearranging yields

BF u(CQ)—u(c2

u(ez) —u () +Au(cd) —u(e))

Note that ¢P* € [0,1]. If the risk-factor is low, probability that & > ¢®! increases
and a late consumer chooses to run for a wider range of beliefs about the actions of
other late consumers.

It is straightforward to derive the risk-factor for the economy with banks alone:

u(G) —u(a)

P EN@) @)+ @)

where ¢; and ¢, are the returns on bank withdrawals in the economy with banks
alone.

Note that the risk-factor in the banking-financial economy is determined by: 1) the
difference between u (c2) and u (¢}') and 2) the difference between u (¢5) and u ().
The former reflects the degree of liquidity insurance provided (the smaller is the
difference, the higher is the degree of liquidity insurance provided). The latter reflects
the degree of insurance against runs provided by the market portfolio (the smaller
the difference, the higher is the degree of insurance against runs). In the economy
with banks alone, if there is a run and a consumer is not served, his consumption is
equal to zero. In particular, ¢)’ = 0. Thus, there is a significant difference between
the consumption level that a consumer gets if he is served by the bank (¢;) and if he
is not (0). In the banking-financial economy, this difference is smaller.

The lower ¢ is, the higher is a late consumer’s ex ante incentive to run. Hence, I

assume that probability of a run 7 is a decreasing function of the risk-factor ¢:

m(¢) =m —hf(9),

where m > 0, h > 0, f/(¢) > 0, and = < f(¢) < % must hold for all ¢ to ensure
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0 < 7 < 1. Essentially, this amounts to re-scaling ¢ which is determined endogenously.
I am not interested in the value of 7. My aim is to compare the probability of a run
that banks face in the economy with banks alone to the probability of a run in the
banking-financial economy. Note that a special case of the constant probability of a
run considered in the previous Section is obtained for A = 0 and m € (0,1).

Whether or not the run actually happens depends on the realization of the sunspot
variable o (if ¢ < m, a bank run takes place). This approach retains Diamond
and Dybvig (1983) spirit that bank runs are to some extent chance events (this is
represented by the randomness of the sunspot variable o). At the same time, portfolio
decisions of banks and fundamentals of the economy affect the determination of the
ex ante probability of a run. This allows to model bank runs as chance events after
taking fundamentals into account.

I consider systemic runs, i.e. the situation when the probability of a run on
a particular bank is determined by the economy-wide (average) contract. When
choosing the optimal contract, intermediaries know and take as given the relation
between their contract and the risk-factor ¢ and thus the probability of a run 7. The
probability of a run is determined by the rational expectations condition that requires
the probability of a run, which is taken as given by intermediaries, to be the same as
the probability implied by the contract all intermediaries choose.

Three remarks are in order. First, note that it is only sensible to consider how
risky is running on the bank if the banking allocation (c’lB ,cB ) admits two equilibria
to the post-deposit game. If it is always optimal for a late consumer to run, then
¢ = 0 (this is the case of a contract which is not incentive-compatible).

Remark 2: What is the relation between the risk-factor of the run equilibrium and
a fixed probability of a run considered in the previous Section? The difference lies in
the type of payoffs which a late consumer takes into account when deciding whether
or not to run on the bank. In principle, there are four payoffs to consider: 1) a payoff
from withdrawing in period 1 given that other late consumers withdraw in period 2;
2) a payoff from withdrawing in period 2 given that others withdraw in period 2; 3)
a payoff from withdrawing in period 1 given that others run; and 4) a payoff from
withdrawing in period 2 given that others run. Note that the incentive-compatibility
requires that the first payoff does not exceed the second. When the probability of a
run is fixed, only first two payoffs enter the decision-making through the incentive-
compatibility constraint. In the risk-factor approach, all four payoffs play a role in

the analysis. They are combined in the way described above.
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Remark 3: In Goldstein and Pauzner (2005), a late consumer also compares his
payoft from running versus his payoff from not running given his expectations about
fundamentals and what other late consumers will do. Extending their model to al-
low for an investment opportunity outside the run-prone banking sector would change
those payoffs and thus affect the threshold below which a consumer runs. This thresh-
old would be now determined not only by the degree of liquidity insurance provided
by the contract but also by the degree of insurance against runs. In other words, the
mechanisms behind the decision about whether or not to run appear to be the same
in the two frameworks. However, a full analysis is beyond the scope of this paper.

Next Proposition provides a comparison between the probability of a run banks

face in the banking-financial economy and in the economy with banks alone.

Proposition 7 Suppose that for given parameters, run-admitting contracts are of-
fered in both the banking-financial economy and the economy with banks alone. If
the probability of a run implied by the banking-financial contract, wPF, is sufficiently

small, then 78F > 78 must hold.

Proposition 7 gives conditions under which the probability of a run that interme-
diaries face in the banking-financial economy, 7%, is greater than the probability of
a run that banks face in the economy with banks alone, 72. For small probabilities of
a run, bank deposits provide maximum degree of liquidity insurance (Proposition 5).
This implies that the risk-factor in the banking-financial economy is equal to zero,
ie. ¢ = 0. The liquidity insurance effect dominates the insurance against runs
effect. On the other hand, in the economy with banks alone, incentive-compatibility
constraint does not bind and so we have ¢ > 0. Tt follows that the probability of a
run banks face in the economy with banks alone must be lower than the probability
of a run in the banking-financial economy, since 7 (¢) = m — hf (¢) and f is strictly
increasing.

The intuition behind the result is as follows. Consumers have a preference for
liquidity insurance. It is optimal for banks to fully specialize in its provision since it
cannot be provided by the market investment. Reducing liquidity insurance would
lower incentives to run and thus the probability of a run but this effect is not strong
enough to outweigh the reduction in welfare due to the loss of intertemporal con-

sumption smoothing.
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6 Implementation

In this Section, I address the question of how to implement the banking-financial
contract as an equilibrium in an economy with banks and an asset market. In partic-
ular, one has to worry about a potential arbitrage opportunity for the late consumers:
If the deposit contract provides ex ante liquidity insurance, a late consumer has an
incentive to withdraw from the bank in period 1 and sell his period-one consumption
in the market in exchange for the period-two consumption. By doing so he is able to
achieve a return equal to C}Ei—lR on his bank deposits which is strictly greater than the
return he would get if he postponed his withdrawal until period 2, ¢Z (this arbitrage
possibility was first pointed out by Jacklin (1987)).

One way to prevent this “cashing-out” under the banking-financial contract is
to charge a fee whenever a consumer’s expenditures on buying the long-term asset
in period 1 exceed the value of his short-term holdings. Any fee T" > 0 such that
i
consumers rebalance only their original portfolio holdings. In case of a run, those

0< — T < cB would render arbitrage unprofitable. Under this arrangement, late

served do not use the withdrawal to acquire more long-term asset. They store it
to consume in period 2. Another way to prevent arbitrage is to directly impose a
restriction on trading in period 1 so that consumers are only allowed to re-trade their
original portfolio holdings.

Competition in the banking industry forces banks to maximize the expected util-
ity of consumers when designing the optimal contract. Banks offer to consumers
a contract specifying period-one and period-two returns on withdrawals and banks’
portfolio decisions. Given a fee T', consumers choose optimally 1) how much to invest
in bank deposits and the asset market and 2) composition of their private portfolio.

The resulting equilibrium allocation is the one characterized in the previous Sections.

7 Concluding remarks

The starting point of the analysis in this paper is an economy in which consumers
invest their entire savings in a bank. Banks provide liquidity insurance but that makes
them susceptible to sunspot-triggered runs. I add the possibility for consumers to
invest part of their savings in an asset market portfolio. Such diversification carries
novel implications for markets, banks, and consumers’ welfare.

Markets are incomplete since there is no market for sunspot-contingent securities.
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They are also incomplete from the point of view of a consumer who faces liquidity
shocks since those are observed privately and thus it is impossible to write type-
contingent insurance contracts. In the economy with markets alone, this implies that
markets cannot provide liquidity insurance. However, in the presence of run-prone
banks, markets can provide some liquidity insurance in the no run state of the world.
This is because the long-term asset is relatively more valuable in this state which
benefits early consumers who are selling the long-term asset in the market.

Banks have more flexibility in their decisions about investments and deposit re-
turns in an economy with an asset market. This is for two reasons. One is simply
that banks can adjust their portfolio in the interim period by trading in the asset
market. This is similar in spirit to Allen and Gale (2004) except that in their model
trading takes place among banks with heterogeneous portfolios whereas in my model
banks trade with consumers. The other reason is that banks can choose to offer higher
period-one return even though that implies that less people will be served in a run
since consumers who are not served are insured through their market investment. For
small probabilities of a run, banks indeed choose to fully specialize into the provision
of liquidity insurance, which is their comparative advantage.

The stability of banks in the economy with an asset market is determined by
two forces. Insurance against runs through the market investment on one hand and
a bigger scope for intertemporal consumption smoothing on the other hand. The
former effect can dominate at the optimum and the probability of a run is higher
when compared to the economy with banks alone. Thus, there is a tradeoftf between
diversification and the risk of runs.

I argue in this paper that market investments can act as insurance against banking
sector instability. Other investment opportunities outside the run-prone banking
sector, e.g. keeping a fraction of savings “under the mattress”, would serve the same
purpose. But since the return on such investment may be unattractive, consumers
would only invest a small fraction of their savings in it. Some of the effects highlighted

in this paper would remain present albeit to a quantitatively smaller extent.
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Appendix

Proof of Proposition 1. I prove the claims by contradiction. First, suppose
that consumers and banks find it optimal to invest solely in the short-term asset, i.e.
a = [ = 1. In period 1, then, price P, must be high enough so as to induce zero
demand for the long-term asset, i.e. a(P;) =b(FP;) = 0. A sufficient condition would
be P, () > R > 1. But then, the long-term asset dominates the short-term asset.
Contradiction.

Now suppose that consumers and banks invest solely in the long-term asset, i.e.
a = [ =0. Since § = 0, also b (P;) = 0. Hence, the demand for the long-term asset in
period 1 is equal to zero. Since A is always greater than 0, the supply of the long-term
asset must be strictly positive: Early consumers offer their long-term holdings for sale
and/or banks sell part of their long-term holdings to pay out period-one withdrawals
(for W < 1). Since nothing can be offered in exchange (no one holds the short-term
asset), the price in the market must be equal to zero. But then, short-term asset in
fact dominates the long-term asset. Contradiction.

Furthermore, suppose that P; () > R for some 6. In this state of the world, short-
term asset dominates the long-term asset between period 1 and 2. Thus, demand for
the long-term asset in period 1 must be zero. By market clearing, the supply must
be zero, too. However, we know that a positive amount of the long-term asset is held
in period 0. These entire holdings will be offered for sale. Contradiction.

Finally, I show that P > 1 and PF < 1 must hold. I do so in two steps. I prove
that the equilibrium price must reveal the state. I then show that P > 1 > Pl must
hold.

Suppose first that the equilibrium price does not reveal the state, i.e. P, = PL.
Then, late consumers know only their own type and they choose the same a for both
states. Banks must liquidate their entire long-term holdings in the run state of the
world: v = 1. For P, to be constant across states, it must be the case that a = b =0
and the resulting P, = 0. But then, ¢ = 0 is not optimal. This cannot be an
equilibrium.

I now show that price in one of the states must be above 1 and in the other below
1. Suppose for a moment that P; () > 1 for all § with the strict inequality for at
least one #. Then the short-term asset is dominated by the long-term asset between
period 0 and 1 and no short-term asset will be held. Contradiction. Similarly, it

cannot be the case that P; () <1 for all § with the strict inequality for at least one
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. Suppose otherwise. Then the long-term asset is dominated by the short-term asset
between period 0 and 1 and no long-term asset will be held. Contradiction.

I now show that P, > P} which implies P, > 1 and PL < 1. Suppose otherwise,
in particular P* = R > P;. Then, a (P}) € (0,1], b(PL) = 0 and v (P{) = 1.
Since P, < R, we have that a (P;) =1, b(P1) > 0 and vy (P;) < 1, since 7 is strictly
decreasing in P;. But then, the demand for the long-term asset is at least as high and
the supply is strictly lower at P; as compared to P and thus P, > PE. Contradiction.
The proof is identical for the case R > Pl > P;. m

Proof of Lemma 1. (Sketch) The social planner chooses [, the fraction of
resources to be invested in the short-term asset, so as to maximize expected utility of
consumers. Since a strictly positive fraction of population becomes early in period 1
and the return on the short-term asset dominates the return on the long-term asset
in the short-run, it must be that 5 > 0. Also, since a strictly positive fraction of
population prefers to consume in period 2 (i.e. 1 — A > 0) and the return on the
long-term asset dominates the return on the short-term asset in the long-run, it must

be that 5 < 1. Thus, the social planner solves:

max Au(c1) + (1 — A u(cz)

c1,c2,8
subject to A\c; = 3, (1 = A) e = (1 — )R, and 0 < 8 < 1. Let ¢ be the Lagrangian
multiplier on the first constraint and let u5 be the Lagrangian multiplier on the second

constraint. Then, first-order conditions yield:
u’(ch) =p >0, u’(ch) = g > 0, and u’(CfB) = Ru'(ch) .

Since cu'(c) is decreasing in ¢ (coefficient of the relative risk-aversion p, > 1), we
must have that ¢c/Z > 1 and cf? < R. =

FOCs for the problem (BFP) Let u, denote a Lagrangian multiplier on the
constraint § — Ac? > 0. Let py denote a multiplier on the constraint (RC). Let
1ty > 0 denote a multiplier associated with the constraint W < 1. Note that it must
be the case in equilibrium that o* > 0 since otherwise P = 0 and o = 0 cannot be
optimal. Let 5 > 0 denote a multiplier associated with o < 1.

FOCs of the problem (BFP) with respect to ¢, ¢, 8, W, and « are then given
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ECB

by:

(L=m)X(er) (1= W)+ FA(w(ef) 1 =W)er —u(e)) +(1=A) (1)

(u'(c5) (1—W)c?—u(c2))+)\u( 4+ @ =Nu ()] —ps =0, ug =0,
ptg (c2 — ) =0 and Acf — 5> 0,

(1= mA(e) (L= W)+ ZAN () L= W)ef —u () +(1-2) (@)
(w(c3) A =W)ef —u(cd)) + M (el) + (1= Nu(ed)] — 1A — psp — g
=0 for f — AP >0,

(I=m) (I =X u(cx) (1 =W) = pg (1 —=A)+pg=0, ug =0 (3)

5 (1= P [ () + (1= A () — () — (L= N ()] - ()
_:UJ3<1_/7>R:07 :ulmu“,l >0, MlﬁzO, and )‘Cl - p>0,

F (=P () + @ =Nu(cf) = du () = A =Nu ()] —pm ()
g — iy (1= ) B =0, 4y (1= 8) =0, and 5 = Ae >0,

(1— ) [)\u’(cl) (a+ (1= a)P,—cB) + (1= A)u(ca) <(Fa vl a) R (6)
+(1—a)a—cf)] +7A [)\u'(cl) (oz—i—(l—oz)PL—c'lB) + (1= M) u(c)

X(( F1-a) R —cl) = 2) [ () (o+ (1) PE) +
<% R} py =0,
(1—m) [)‘u(cl)(l_Pl) (1= Nule) (1) R+1-a)]+7A (7)

x [N (e5) (1= PE) + (1= 0w (¢5) (Fr = 1) ] + 7 (1= ) [ (e])
x (1= PH) + (1= N u(ed) (F = 1) B = s = 0.

Note that (3) implies that j; = (1 —m) (1 — W)/ (c2) + £5 > 0 and thus the
resource constraint (RC') must bind.

Proof of Proposition 2. Suppose a triple (6, cB el ) constitutes the optimal
contract in the economy with banks alone. I show that in the banking-financial
economy, a higher level of welfare can be achieved.

First, suppose that for a given 7, a run proof contract is offered in the economy
with banks alone. This contract must have ¢ < §+ (1 — ) P < 1 with strict
inequality for § = 1. If 8 = 1, then ¢Z = 1. Allocation (0119 =1, = 1) is clearly
dominated by the allocation (¢; = 1,¢; = R) which is always feasible in the banking-

financial economy (just let W = 1). If 3 < 1, then ¢ < 1 and, by the resource
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constraint, ¢Z > R. Given the properties of the utility function, it is easy to see

that this allocation is also strictly dominated by the allocation which has ¢; = 1 and
= R. In summary, if a run proof contract is optimal in the economy with banks
alone, there exists a banking-financial contract that yields a strictly higher welfare.
Now, suppose that for a given m, a run-admitting contract is offered in the econ-
omy with banks alone. Suppose that financial intermediaries in the banking-financial
economy choose the same 3, ¢, and cZ. Consider the case when ¢? > P,. Then, we
have:
c=la+(1—a)P W+ (1-W)cP <P,

cy = [<ﬂ+1—a>R+(1—a)oz}W—l—(l—W)cQBZcQB,
G =la+(1-—a)PEfW+(1-W)cl < <P,
‘29:(;?+1—04>RW+(1—W)C?>C?,

o =[a+(1—a)PE]W >0,
c§V=<P—1L+1—oz>RW>O.

I now claim, contrary to the claim in the Proposition, that for all W > 0 and all

utility functions u, it must be the case that:

(L—m) [Mu(ef) + (1 =N u ()] +mdu(cf) = (1 =) [Au(er) + (1 — N u(ca)]
—TA Mu(f)+ (1 =Nu(h)] - (1 —é) Au () + (1 =Nu(d)] >0 5
8
Dividing through by 7 (1 — é) and rearranging yields:
Tr(l:ré))\ [u (leg) —u (01)] + %)\ [u (Cf’) —u (cls)] > \u (cjlv) +(1—=XNu (cév)

&
D
=
=
on
¢]
&
(@)
Q
=}
0
=
&
=
0
o
@]
=
—+
=
=
=
Il
[N}
>
=
"
f—’H
:‘
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a utility function u (-) and a W > 0 such that:

Ku'(¢f) [ef — (a+(1—a)P1L)}W<u<(PiIL+1—a> RW) =u(c
<M (e) + (1= u(d).

=

Any u(-) and W > 0 satisfying the following two conditions would work: ’(0) >
Ku(cf) [ef — (a+ (1 —a)PE)] and ¢f > u™' [Ku/(c}) [¢? — (a+ (1 —a) PE)] W].
For example, take W — 0 and w (-) such that «/(0) — oo. Then,
Vlviglo u ™t (Ku'(cf;) (c’lB —1) W) < vlviTo RW.
In this case, welfare is higher under the banking-financial contract than under the
banking contract and Equation 8 cannot hold. The proof proceeds analogously for
the case when ¢ < P;. =
Proof of Proposition 3. Suppose otherwise, i.e. W* < 1 in the optimum of
the run-admitting contract. Since ¢ = ¢ + (1 —W)cP and ¢f = + (1 — W) P,
I have that
u(cef) —u(c)) >u(cf) (1—W)cf,
u(cs) —u(cd) >u () (1—W)cP.

Then, all terms in the Equations (1) and (2) are negative except the first term, which
is multiplied by (1 — 7). Clearly, there exists a sufficiently high 7 such that for all
higher 7’s, those Equations cannot hold. This cannot be an optimum. Contradiction.
|

Proof of Proposition 4. Let 8%, ¢ RP and i’ denote 3, ¢ and cf solving
problem (RPF), respectively. Recall that PlL must be smaller than 1 (Proposition 1).
Since ¢? < 8+ (1 — 8)PL must hold for a contract to be run-proof, this implies that
e <1 with equality for 8 = 1. By the resource constraint, i’ = % > R.

It is straightforward to show using the properties of the utility function u that
allocation ¢; = 1, ¢ = R is strictly preferred to any allocation which has ¢; < 1
and ¢, > R. Thus, the best banking-financial run-proof contract must have g% = 1.
Since A =1, it follows that o* < 1 since otherwise there is no equilibrium in the
asset market. Proposition 1 implies that P, = 1 (there is only one state of the world
in period 1). Then, any allocation satisfying 3" =1, ¢F’ =1, ' = R, and a < 1
and W > 0 such that W (1 — «) =1 — X constitutes an optimum.

Note, however, that allocation ¢; = 1 and ¢; = R is also attainable by investing
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solely through the asset market. This completes the proof. m
Proof of Proposition 5. Suppose not, i.e. 5 — Ac? > 0 in the optimum. Then,
1o = 0. By Equation 5, there exists a sufficiently small 7, such that the weight of the
first term becomes negligible. Then, the equation cannot hold. Contradiction. m
Proof of Proposition 6. Suppose otherwise, i.e. (ICC') does not bind and

cP < P and pg = 0. Note that in case A\c — 8 > 0, equation 1 becomes

(1—m) (1) (1 =W —I—%é[)\( ( )(1 W)C{B—u(cf))—i-(l—)\) (9)
/ 0

There exists a sufficiently small 7 such that for all smaller 7’s, the sign of the first
term dominates the left hand side of the above equation and thus it cannot hold.
Contradiction.

Now consider the case when 3 — Ac? > 0. Equation 2 becomes

(L=m) (= W)A[uwler) = (o) (R+ (1= R) & )| + 75 [\ (w(e) 0 - w)eb

)+ @ =2) (w(c5) (A =W)el —u(c5)) +Au(c)) + (1= N u ()]

L= PP) [hu(ef) + (1= Nu(e5) = du(e)) = (1= N u ()] + My =0
(10)

Multiplying Equation 7 through by a and subtracting from the Equation 6 yields:

(1—m) [M(er) (P1 — cl) + (1 =N u(ca) (R—cB)] +m{A[M(cF) (11)
x (PL—cP) + ( Ju(¢5) (R—cP)]+ (1 —A) [M/(c) PE+ (1
—A\)u (N)R}}%—ozug)—()

as pty = 0 for W* < 1.

Note that Equation 11 implies that ¢ > P, if 7 is sufficiently small. This is
because R — ¢ > 0 holds (if not, i.e. ¢ > R, then ¢? < 1 and we know from
the proof of Proposition 4 that this cannot be the case in the optimum of the run-
admitting banking-financial contract).

Multiplying Equation 10 by ¢? and Equation 11 by (1 — W) and adding the two

yields:
(L—m) (1 =W){ (1) PL+u(c2) [(1 = N) (R—cF) — AP R (12)
AP (R=1) 5|} + 7 {20 = W) P (e) PE+ (1= N (c5) B

—i—(l—é) (1—-W) [)\u(cl)PL+(1—/\)u'(céV) R] —é[u () —i—u(cg)
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“Au () = (T =N u ()] +A(1=PE) [Mu(ef) + (1= u(cs)
“Au () = (1 =X u ()]} + Ay + aps (1 —W) =0.

The last two terms in the above equation are non-negative. I now show that
when consumers are sufficiently risk-averse, the sign of the first term, multiplied by
(1 —m) (1 — W), is strictly positive. Using the fact that 5 —AcP > 0 and (1 — \) ¥ =
[5;;3 L1- ﬁ] R yields:

A (cr) Py +u'(C2) [(1 —A) (R— 02) APR+ AP (R—1) Pll} = \i(cy) Py
+u(cp) [( (%—i—l—ﬂ)R—)\c?R—i—)\c?(R—l)PL =
_)\U(I)P1+U(C2) (B=AP)R 1—},%1 —R)\—l—)\cf(R—l)—}
= M (cr) Pr4(c2) [ (B — AP) R 1—%1 +>\<(R—1)%—R)}
> M (cr) P+ M (cz) ((R—l)%—R)

since 1 — P% > 0 (recall that P; > 1 holds in equilibrium).
We know that for a sufficiently small 7, ¢? > P, implying % > 1. But then,
either (R —1) % — R >0, in which case

Mt (1) Py + M () ((R S R) >0,

or (R—l) — R < 0 and thus

i (1) Py + M (c2) <(R g - R)
> M (c1) P+ M (e2) [(R—1) — R]
=\ (c1) P — M () > AN/ (eq) — u/(e)]

which is positive by the concavity of u (-).
Now, there exists a sufficiently small 7 such that for all smaller 7’s the sign of the
second term, multiplied by 7, is dominated by the other terms. But then, Equation

12 cannot hold. Contradiction. m
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Table 1: Timing of events

Deposit with a financial intermediary }t:O

Sunspot signal o, private types observed
Consumers decide the amount of the long-term asset to buy/sell

Early withdraw from the bank, late choose withdraw /not

»t=1
Banks decide the amount of the long-term asset to buy/sell
Batch clearing in the centralized market for the long-term asset
Early types consume )
Late types consume }t:2

ECB

Working Paper Series No 845

December 2007



European Central Bank Working Paper Series

For a complete list of Working Papers published by the ECB, please visit the ECB’s website
(http://www.ecb.europa.eu).

807 “Cross-border lending contagion in multinational banks” by A. Derviz and J. Podpiera, September 2007.

808 ‘“Model misspecification, the equilibrium natural interest rate and the equity premium” by O. Tristani,
September 2007.

809 *“Is the New Keynesian Phillips curve flat?” by K. Kuester, G. J. Miller und S. Stolting, September 2007.

810 “Inflation persistence: euro area and new EU Member States” by M. Franta, B. Saxa and K. Smidkova,
September 2007.

811 “Instability and nonlinearity in the euro area Phillips curve” by A. Musso, L. Stracca and D. van Diijk,
September 2007.

812 “The uncovered return parity condition” by L. Cappiello and R. A. De Santis, September 2007.

813 “The role of the exchange rate for adjustment in boom and bust episodes” by R. Martin, L. Schuknecht
and |. Vansteenkiste, September 2007.

814 “Choice of currency in bond issuance and the international role of currencies” by N. Siegfried, E. Simeonova
and C. Vespro, September 2007.

815 “Do international portfolio investors follow firms’ foreign investment decisions?” by R. A. De Santis
and P. Ehling, September 2007.

816 “The role of credit aggregates and asset prices in the transmission mechanism: a comparison between the euro
area and the US” by S. Kaufmann and M. T. Valderrama, September 2007.

817 “Convergence and anchoring of yield curves in the euro area” by M. Ehrmann, M. Fratzscher, R. S. Gurkaynak
and E. T. Swanson, October 2007.

818 “Is time ripe for price level path stability?” by V. Gaspar, F. Smets and D. Vestin, October 2007.

819 “Proximity and linkages among coalition participants: a new voting power measure applied to the International
Monetary Fund” by J. Reynaud, C. Thimann and L. Gatarek, October 2007.

820 ‘“What do we really know about fiscal sustainability in the EU? A panel data diagnostic” by A. Afonso
and C. Rault, October 2007.

821 “Social value of public information: testing the limits to transparency” by M. Ehrmann and M. Fratzscher,
October 2007.

822 *“Exchange rate pass-through to trade prices: the role of non-linearities and asymmetries” by M. Bussiére,
October 2007.

823 “Modelling Ireland’s exchange rates: from EMS to EMU” by D. Bond and M. J. Harrison and E. |. O’Brien,
October 2007.

824 “Evolving U.S. monetary policy and the decline of inflation predictability” by L. Benati and P. Surico,
October 2007.

ECB
1) Working Paper Series No 845
OB December 2007



825

826

827

828

829

830

83l

832

833

834

835

836

837

838

839

840

84|

842

843

844

845

“What can probability forecasts tell us about inflation risks?” by J. A. Garcia and A. Manzanares,
October 2007.

“Risk sharing, finance and institutions in international portfolios” by M. Fratzscher and J. Imbs, October 2007.

“How is real convergence driving nominal convergence in the new EU Member States?”
by S. M. Lein-Rupprecht, M. A. Ledn-Ledesma, and C. Nerlich, November 2007.

“Potential output growth in several industrialised countries: a comparison” by C. Cahn and A. Saint-Guilhem,
November 2007.

“Modelling inflation in China: a regional perspective” by A. Mehrotra, T. Peltonen and A. Santos Rivera,
November 2007.

“The term structure of euro area break-even inflation rates: the impact of seasonality” by |. Ejsing, ]. A. Garcia
and T. Werner, November 2007.

“Hierarchical Markov normal mixture models with applications to financial asset returns” by |. Geweke
and G. Amisano, November 2007.

“The yield curve and macroeconomic dynamics” by P. Hordahl, O. Tristani and D. Vestin, November 2007.

“Explaining and forecasting euro area exports: which competitiveness indicator performs best?”
by M. Ca’ Zorzi and B. Schnatz, November 2007.

“International frictions and optimal monetary policy cooperation: analytical solutions” by M. Darracq Paries,
November 2007.

“US shocks and global exchange rate configurations” by M. Fratzscher, November 2007.

“Reporting biases and survey results: evidence from European professional forecasters” by J. A. Garcia
and A. Manzanares, December 2007.

“Monetary policy and core inflation” by M. Lenza, December 2007.
“Securitisation and the bank lending channel” by Y. Altunbas, L. Gambacorta and D. Marqués, December 2007.

“Are there oil currencies? The real exchange rate of oil exporting countries” by M. M. Habib
and M. Manolova Kalamova, December 2007.

“Downward wage rigidity for different workers and firms: an evaluation for Belgium using the IWFP
procedure” by P. Du Caju, C. Fuss and L. Wintr, December 2007.

“Should we take inside money seriously?” by L. Stracca, December 2007.

“Saving behaviour and global imbalances: the role of emerging market economies” by G. Ferrucci
and C. Miralles, December 2007.

“Fiscal forecasting: lessons from the literature and challenges” by T. Leal, J. J. Pérez, M. Tujula and J.-P. Vidal,
December 2007.

“Business cycle synchronization and insurance mechanisms in the EU” by A. Afonso and D. Furceri,
December 2007.

“Run-prone banking and asset markets” by M. Hoerova, December 2007.

ECB

Working Paper Series No 845
December 2007

39



ISSN 1561-0810

9771561

081005



	Run-prone banking and asset markets
	Contents
	Abstract
	Non-technical summary
	1 Introduction
	2 The model
	2.1 Consumers
	2.2 Asset structure
	2.3 Financial intermediaries

	3 The banking-financial economy
	3.1 Asset market equilibrium
	3.2 Banking-financial contract

	4 Results and discusssion
	5 Probability of a run
	6 Implementation
	7 Concluding remarks
	Bibliography
	Appendix
	European Central Bank Working Paper Series


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (eciRGB v2)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 100
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 2.40
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 100
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 2.40
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 100
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (ISO Coated v2 300% \050ECI\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'IC__ISO_COATED'] [Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /ExportLayers /ExportVisiblePrintableLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 300% \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines true
        /ConvertTextToOutlines false
        /GradientResolution 400
        /LineArtTextResolution 1200
        /PresetName (MONTHLY_EZB)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




